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PEEFACE.

TnE present Volume completes an entirely rewritten and greatly

enlarged Second Edition of the Author's ''Practical Chemistry:'

The reasons for the change of title have been already explained

in the preface to Vol. I.

In both Manuals—" Foods " and " Poisons "—a common mode
of introducing the subject by an historical notice has been

adopted;—in the one case, successive methods of Food-Adultera-

tion were briefly sketched, and, in the other, the forms of

Poisoning practised by diff-erent nations at diflferent periods,

together with the growth of modern Toxicology, have been
passed under review.

The primary object in the Classification followed is the con-

venience of the Practical Chemist; but, wherever possible,

"natural " groups of Poisons have been formed.

Snake-poison and other toxic Animal Secretions have received
notice, and much attention has been paid to a subject com-
paratively unworked-that of the Cadaveric Alkaloids.

In the Appendix will be found a brief resume of the latest

methods for the identification of Stains of Blood; and, for im-
mediate reference in cases of emergency, it has been thought
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advisable to add an alphabetically-arranged List of the more

common Poisons, with brief directions for treatment.

The Author has endeavoured to give an original cast to the

work, by embodying in it his own views and experiences, while

summarising carefully the labours of others, and referring the

reader desirous of further information to the more extended

Memoirs and Monographs bearing on special subjects. He

trusts that the now completed Hand-Book of Food- and Poison-

Lore will be found of real and practical utility both to Students

and Experts.

OouBT House, Maktlebone,
November, 1SS3.
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POISONS:

THEIE EFFECTS AND DETECTION.

PART l.-INTRODUCTORY.

I.—THE OLD POISON-LORE.

§ L It is significant that the root " tox " of the modern word
toxicology can be traced back to a very ancient word meaning
"bow" or "arrow," or, in its broadest sense, some "tool" used
for slaying

: hence it is no far-fetched supposition that the first

poison-knowledge was that of the septic poisons. Perchance the
savage found that weapons soiled with the blood of former
victims made wounds fatal ; from this observation, the next

I step naturally would be that of experiment,—the arrow or spear
;
would be steeped in all manner of offensive pastes, and smeared
iwith the vegetable juices of those plants which were deemed
noxious

;
and as the effects were mysterious, they would be

ascribed to the supernatural powers, and covered with a veil
of superstition.

The history of the poison-lehre, like all history, begins in
the region of the myths ; there was a dark saga prevailing in
Greece that m the far North existed a land ruled by sorcerers-
ail children of the sun—and named Aeetes, Perses, Hecate,
Medea, and Oirce. Later on, the enchanted land was localised at
Oolchis, and Aeetes and Perses were then said to be brothers.
Hecate was the daughter of Perses ; she was married to Aeetes,
and their daughters were Medea and Circe.

Hecate was the discoverer of poisonous herbs, and learned in
Remedies both evil and good. Her knowledge passed to Medea,
^who narcotised the dragon, the guardian of the golden fleece, and
incited Jason to great undertakings.
In the expedition of the Argonauts, the poets loved to

1



2 POISONS : THEIR EFFECTS AND DETECTION. [§ 2, 3.

describe Hecate's garden, with its lofty walls. Thrice-folding

doors of ebony barred the entrance, which was yarded by
,

Sle forms f only the initiated few, only they who bore the
(

Lavened rod of expiation, and the concealed conciliatory offenng :

of Ihe Medea, could enter into the sanctuary. Towering above

all was the temple of the dread Hecate, whose priestesses offered

ods ffhastlv sacriiices.
. , -m i

§ 2. The oldest Egyptian king, Menes
-f^^'^^^^^^^X

meter, the last king of Pergamus, were both
^^j/^^^^^

knowied-e of plants. Attains Phylometer was acquainted with

hyorcyamus, aLite, conium, veratrum, -d others
;
he expert

mented on the preparation of poisons, and occupied himsell

r comp'-nding'^medicines. Mithradetes Eupator stood y t

higher; the receipt for the famous P^^ut d^^^^^^^^
years at an enormous price and «of^P«^«^,«^,^{lf°^X^^
L-redients, is ascribed to him. The wonderful skill st^o^^

Se Egyptians in embalming and technical works, is ^u^^^^^^

to rfnder it fairly certain that their chemical knowledge was

conslrable; and'the frequent operations of
^^JJ^^^^

dead must have laid the foundations of a pathological and

anatomical culture, of which only traces remain

The E<-YPtians knew prussic acid, as extracted in a diluto

state fr^m'^ertain plants, among the chief of whichJ^as

certainly the peach,-on a papyrus preserved at the Louv .

^- ^nr:?' ?n°' Ut,^wiX\uMS the mLiS^fthat those who revealed th^^ reli^ous

Tftom the Egyptians the knowledge of the deadly drink

aplears^Thave fid to ^^..^j:!,

.ent witllt^loubt Loured suicide by the sam~

,



§3.] THE OLD POISON-LOEE. 3

upon suicide, in certain instances, as something noble, and it
was occasionally formally sanctioned. Thus, Valerius Maximus
tells us that he saw a woman of quality, in the island of Oeos
who, having Hved happily for ninety years, obtained leave to take
a poisonous draught, lest, by living longer, she should happen to
have a change in her good fortune

;
and, curiously enough, this

sanctioning of self-destruction seems to have been copied in
Europe. Mead relates that the people of Marseilles of old had
a poison, kept by the public authorities, in which cicuta was an
ingredient

; a dose was allowed to any one who could show why
he should desire death. Whatever use or abuse might be made
of a few violent poisons, Greek and Roman knowledge of poisons
their effects and methods of detection, was stationary, primitive'
and incomplete. '

Meander of Colophon (204-138, b.c.) wrote two treatises, the
most ancient works on this subject extant, the one describing
the eflects of snake venom; the other, the properties of opium
henbane, certain fungi, colchicum, aconite, and conium. He
divided poisons into those which kill quickly, and those which
act slowly. As antidotes, those medicines are recommended
which excite vomiting—e.gr., lukewarm oil, warm water, mallow,
linseed tea, &c. '

moscorides (40-90, a.d.) well detailed the effects of cantha-
ndes, sulphate of copper, mercury, lead, and arsenic. By arsenic

the''wH?/PPT the sulphides, sometimesthe white oxide. Dioscondes divided poisons, accordino- totheir origin, into three classes, viz •— ^"lum^ to

anLuiWrbeS£"T-7"^''t'*^^!,^^^^
were classed cantharides,i varieJv of 1^ ^^^Yf^t^^s, poisonous snakes, a parti-cular variety of honey, and the blood of the ox, probably thelatter m a putrid state. He also speaks of the " selhare" The
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aud white h/oscy.mus (especially ^^^^^^^^^^^

'T^- ^oToLrS^^^ people

and the dwellers^f ancient Massilia), elatcrin, and

lirsTatptL^fonpho^ia^^^^

»j-:\ra^St7L"C^^^^

Ganls dipped
'"^j^Xi^a ^3^1^ and taxus,

Daphne mc.ereon. called by he E^^^^^^^
„f

appears to have been
. . , nnssiblv bv "taxus

'

Eburones, for tbe purpose of suicide, or possibly by

the yew-tree is meant.t
_ „ . ^50 known.

The poisonous properties of
^JJ'^^^^^^f^^f 7/^? fermentation

alkaline carbonates.
.

1, a = bPPn already alluded to. The
3. i¥ineraZPoisons.—Arsenic has been all eaay a

ancients used it as a caustic depilatoiy. Copp^ Ln_^^^^

as sulphate and
^^f^'^^'^'^'^Z ^!^^^^^ antidote for

we used, and an^^^^^^^^^
for many ages

their poisonous properties. ^ , •

i^^g treatise

was considered as
f^^f f,^Sy author's who dared to

uOn Antidotes," remarks ^l^'^*^,*^^^,

[ M^^^ Mendesius the

treat of poisons were Orpheus, Tl^e<^bg^\^^«^^\t^ but

younger, Heliodorus of Athens, ^'^^^fj Vrom the close

ione^f these treatises have
fO^^Jj^^^^.^*^ ^n the treatises of

similarity of the amount of
^^^1^^"^^^^ p^^l^, ^ i^eta, it

Nicander, Dioscorides, Plmy, Galen,

is probable that all were dem^d ^^Jf^.i, Hstory, a very

§ 4. If we turn our attention to eany/^
^

cursory glance at the sacred wn mgs of ^
f J the

soon the art of poisoning, especially m mai ,

purpose of suicide, revenge
oj'J^Sj^Y^o widow-self-immolation

The ancient F^^^^^t 1 1 .^VJ T ascribed to t^

on the burning pile of her husband-is ascnoea

» Pliny, XXV. 5. + Dc Bella Gallico, vi. 31.
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which the Brahmins were under of putting a stop to the crime of

domestic poisoning. Every little conjugal quarrel was liable to

be settled by this form of secret assassination, but such a law,

as might be expected, checked the practice.

Poison was not used to remove human beings alone, for there

has been from time immemorial in India much cattle-poisoning.

In the institutes of Menu, it is ordained that when cattle die,

the herdsman shall carry to his master their ears, their hides,

their tails, the skin below their navels, their tendons, and the
liquor oozing from their foreheads. Without doubt these regu-

lations were directed against cattle-poisoners.

The poisons known to the Asiatics were arsenic, aconite,

opium, and various solanaceous plants. There has been a
myth floating through the ages that a poison exists which
will slay, a long time after its introduction. All modern
authors have treated the matter as an exaggerated legend, but
for my own part, I see no reason why it should not, in reality,

be founded on fact. There is little doubt that the Asiatic
poisoners were well acquainted with .the infectious qualities of
certain fevers and malignant diseases. Now, these very malignant
diseases answer precisely to the description of a poison which
has no immediate effects. Plant small-pox in the body of a man,
and for a whole fortnight he walks about, well and hearty.
Clothe a person with a garment soaked in typhus, and the same
thing occurs—for many days there will be no sign of failure.
Again, the gipsies, speaking a tongue which is essentially a
deformed 'prahrit, and therefore Indian in origin, have long
possessed a knowledge of the properties of the curious " mucor
phycoviyces" This was considered an algae by Agaron, but
Mr. Berkeley refers it to the fungi. The gipsies are said to
have administered the spores of this fungi in warm water. In
this way they rapidly attach themselves to the mucous mem-
brane of the throat, all the symptoms of a phthisis follow, and
death takes place in from two to three weeks. Mr. Berkeley
informs me that he has seen specimens growing on broth which
had been rejected from the stomach, and that it develops in
enormous quantities on oil casks and Avails impregnated with
grease. The filaments are long, from 12 to 18 inches, and it is
capable of very rapid development.

There is also a modern poison, wliich, in certain doses, dooms
the unfortunate individual to a terrible malady, simulating, to a
considerable extent, natural disease ; that is phosphorus. This
poison was, however, unknown until some time in tlie eleventh

f"l^n""^'-
^^^^^ ^^''^'^ Becher, blindly experimenting on the

distillation of urine and carbon, obtained his " escarboiide," and
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passed away without knowing the importance of his discovery,

which, like so many others, had to be rediscovered at a later

^^?5*^'The Hebrews were acquainted with certain poisons, the

exact nature of which is not quite clear. The words -rosch and

"cAema" seem to be used occasionally as a generic term tor

poison, and sometimes to mean a specific things fPJ^^^^Jy;

is used to signify some poisonous parasitic plant They knew

yellow arsenic under the name of "mm," aconite under the

name of -boschka," and possibly -son" means ergot.* In the

later period of their history, ^^lien they were dispersed through

various nations, they would naturally acquire the knowledge of

those nations, without losing their own.
j^^^Wp

S 6 The part that poison has played m history is considerable.

The pharmaceutical knowledge of the ancients is more graplncally

and terribly shown in the deaths of Socrates, Demosthenes,

Hannibal, and Cleopatra, than in the pages of the older writers

'"if th?- reign of Artaxerxes II. (Mnemon) (b. c. 405-359)

Phrysa poisoned the queen Statira by cutting food with a Imrfe

poisoned on one side only. Although this has been treated as an

[die tale yet two poisons, aconite and arsenic, were at least weH

known 'Ito of ?hese could have been i^ the way mentioned

introduced in sufficient quantity into food to destroy Me.
_

In the eari^ part of the Christian era, professional poisoners

arose and for a long time exercised their trade with impunity.

?oTsoW was so much in use as a political engine that Agrippma

fx nefrelsed to eat of some apples offered to her at table

hv her father-in-law, Tiberius. . . ,

if was at this time that the infamous Locusta flourished.

She is said to have supplied, with suitable directions, the poison

bfwhich Alrippina got rid of Claudius ; and the same woman

the ptrncfp^al agtnt in the P-P-f^ ^s t^^^^^^^^^
was administered to Britannicus, by order of his ^rother Aero

Se cWls of this interesting case have been recorded with some

"
K^'waT'the custom of the Komans to drink hot water, a

masters found agreeable, t
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The children of the Imperial house, with others of the great

Homan families, sat at the banquets at a smaller side table, while

their parents reclined at the larger. A slave brings hot water

to Britannicus ; it is too hot ; Britannicus refuses it. The slave

adds cold water; and it is this cold water that is supposed to

have been poisoned; in any case, Britannicus had no sooner drunk
of it than he lost voice and respiration. Agrippina, his mother,

was struck with terror, as well as Octavia, his sister. ISTero, the

author of the crime, looks coldly on, saying that such fits often

happened to him in infancy without evil result; and after a
few moments' silence, the banquet goes on as before. If this

were not sudden death from heart or brain disease, the poison
must have been either a cyanide or prussic acid.

In those times no autopsy was possible
;
although the Alexan-

drian school, some 300 years before Christ, had dissected both
the living and the dead, the work of Herophilus and Erasis-

tratus had not been pursued, and the great Roman and Greek
writers knew only the rudiments of human anatomy, while, as
to pathological changes and their true interpretation, their know-
ledge may be said to have been absolutely nil. It was not, indeed,
until the fifteenth century that the popes, silencing ancient
scruples, authorised dissections ; and it was not until the sixteenth
century that Vesalius, the first worthy of being considered a
great anatomist, arose. In default of pathological knowledge,
the ancients attached great importance to mere outward marks
and discolorations. They noted with special attention spots and
lividity, and supposed that poisons singled out the heart for some
quite peculiar action, altering its substance in such a manner that it

resisted the action of the funeral pyre, and remained unconsumed.
It may, then, fairly be presumed that many people must have
died from poison without suspicion, and still more from the
sudden effects of latent disease, ascribed wrongfully to poison.
For example, the death of Alexander was generally at that time
ascribed to poison ; but Littre has fairly proved that the great
emperor, debilitated by his drinking habits, caught a malarious
fever in the marshes around Babylon, and died after eleven days'
illness. If, added to sudden death, the body, from any cause,
entered into rapid putrefaction, such signs were considered by
the people absolutely conclusive of poisoning—this belief, indeed,
prevailed up to the middle of the seventeenth century, and lingers
still among the uneducated at the present day. Thus, when
Britannicus died, an extraordinary lividity spread over the face of
the corpse, which they attempted to conceal by painting the face.
When Pope Alexander VI. died, probably enough from poison,
ins body (according to Guicciardini) became a frightful spectacle
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—it was livid, bloated, and deformed ; the gorged tongue entirely

filled the mouth ; from the nose flowed putrid pus, and the stench

was horrible in the extreme.

All these eflfects of decomposition, we know, are apt to arise

in coarse, obese bodies, and accompany both natural and un-

natural deaths ; indeed, if we look strictly at the matter, putting

on one side the preservative effects of certain metallic poisons, it

may be laid down that generally the corpses of those dying from

poison are less apt to decompose rapidly than those dying from

disease—this for the simple reason that a majority of diseases

cause changes in the fluids and tissues, which render putrefactive

changes more active, while, as a rule, those who take poison are

suddenly killed, with their fluids and tissues fairly healthy

When the Duke of Burgundy desired to raise a report that

John, Dauphin of France, was poisoned (U57), he described the

imaginary event as follows :— ,,,11 ^ f ^^

" One eveninc^ our most redoubtable lord and nephew fell so

grievously sick "that he died forthwith. His lips, tongue, and

face were swollen; his eyes started out of his head. It was a

horrible sight to see—for so look people that are poisoned._

The favourite powder of the professional poisoner, arsenic, was

known to crowned heads in the fourteenth century ;
and there has

come down to us a curious document, drawn out by Charles le

Mauvais, King of Navarre. It is a commission of murder given

to a certain Woudreton, to poison Charles VL, the Duke of Valois,

brother of the king, and his uncles, the Dukes of Berry, Burgundy,

^"""GoThoT to" Paris; thou canst do great service if thou wilt

:

do what I tell thee ; I will reward thee well. Thou shalt do

thus: There is a thing which is callec sublimed arsenic; fa

xnan eat a bit the size of a pea, he will never survi^ e. Thou

wilt find it in Pampeluna, Bordeaux, Bayonne and in all the

Tood towns, through which thou wilt pass, at the apothecar es

shops Take it, and powder it ; and when thou shalt be m the

house of the king, of the Count de Valois, his brother the Dukes

of Berry, BurguSdy, and Bourbon, draw near, and betake thyself

t the kSchenrto th'e larder, to the cellar or any other place .W
thy point can be best gained, and put the powder ^^

^he soups,

meats or wines, provided that thou canst do it secretly. Other-

wise do it not." Woudreton was detected, and executed m

^^A chapter might be written, entitled "royal
f J^^^f

Charles IX. even figures as an experimentalist, t An unfortunate
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cook has stolen two silver spoons, and, since there was a question

whether " Bezoar " was an antidote or not, the king administers-

to the cook a lethal dose of corrosive sublimate, and follows it

up with the antidote ; but the man dies in seven hours, although

Pare also gives him oil. Truly, a grim business !

The subtle method of removing troublesome subjects has been
more often practised on the Continent than in England, yet the

English throne in olden time is not quite free from this stain.*

The use of poison is wholly opposed to the Anglo-Saxon method
of thought. To what anger the people were wrought on detect-

ing poisoners, is seen in the fact that, in 1542, a young woman
Avas boiled alive in Smithfield for poisoning three households.!

§ 7. Two great criminal schools arose from the fifteenth to the

seventeenth centuries in Venice and Italy. The Venetian
poisoners are of earlier date than the Italian, and flourished

chiefly in the flfteenth century. Here we have the strange spec-

tacle, not of the depravity of individuals, but of the government
of the state formally recognising secret assassination by poison,

and proposals to remove this or .that prince, duke, or emperor,
as a routine part of their deliberations. Still more curious and
unique, the dark communings of " the council of ten " were

* For example, King John is believed to have poisoued Maud Fitzwalter
by "a poisoned egg."

"In the reign of King John, the White Tower received one of the first

and fairest of a long line of female victims in that Maud Fitzwalter who was
known to the singers of her time as Maud the Fair. The father of this
beautiful girl was Robert, Lord Fitzwalter, of Castle Baynard, on the Thames,
one of John's greatest barons. Yet the king, during a lit of violence with
the queen, fell madly in love with this young girl. As neither the lady her-
self nor her powerful sire would listen to his disgraceful suit, the kincr is-

sa,id to have seized her by force at Dunmow, and brought her to the Tower.
Fitzwalter raised an outcry, on which the king sent troops into Castle-
Baynard and his other houses ; and when the baron protested against these
wrongs, his master banished him from the realm. Fitzwalter iied to France
with his wife and his other children, leaving his daughter Maud in the
Tower, where she suffered a daily insult in the king's unlawful suit. On
her proud and scornful answer to his passion being lieard, John carried her
up to the roof, and locked her in the round turret, standing on the north-
east angle of the keep. Maud's cage was the highest, chilliest den in the
Tower

;
but neither cold, nor solitude, nor hunger'could break her streno-tli.

In the rage of his disappointed love, the king sent one of his minions to°her
room with a poisoned egg, of which the brave girl ate and died "—"Her
Majesty's Tower." By Hepworth Dixon. Lond. 1869 • i p 46

t This yeare, the 17th of March, was boyled in Smithlield one Margaret
Davie, a mayden, which had pouysoned 3 householdes that she dwelled
m. One being her mistress, which dyed of the same, and one Darinaton and
his wyfe, which she also dwelled with in Coleman Street, which dyed of the
same, and also one Tinleys, which dyed also of the same."—Wriotherley's." Chronicle, ' ji.D. 1542.
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recorded in writing, and the number of those who voted for

and who voted against the proposed crime, the reason for the

assassination, and the sum to be paid, still exist m shameless

black and white. Those who desire to study this branch of

secret history may be referred to a small work by Carl Hoft

which gives! brief account of what is known of the Vrocefrngs

of the founcil. One example will here suffice On the 1 5th of

December, 1513, a Franciscan brother John of
^^S^^^'f^'f^

a selectioA of poisons, and declared ^'^'^^^

any objectionable person out of the way. For the first suc-

cesrfuliase he required a pension of 1500 ducats yearly which

was to be increased on the execution of future services The

presidents, Girolando Duoda and Pietro Guiarim placed the

Ster before the "ten" on the 4th of J^^-T, IJl^, and
^^^^

a division (10 against 5) it was resolved to accept so patr otic

an offer aid to'experiment first on the Emperor Maximihan.

?ie bond laid before the "ten" contained a regular tariff-for

the great Sultan 500 ducats, for the King of Spam 150 ducat^'

but the iourney and other expenses were m each case to be

Sfrayed the ^uke of Milan was -ted at 60 the Ma^^^^^^^^

Mantua at 50, the pope could be removed at 100 ducats. iHe

J^rious offer thns concludes :
" The farther

^1^^'"'"'^' t̂LToU
eminent the man, the more it is necessary to W the toil

and hardships undertaken, and the heavier must be the pay-

ment " The^ouncil appear to have quietly arranged thus to

Ske away the lives of many public men, but their efforts were

only^n a few cases successful. When the deed ^ was done, it

was registered by a single marginal note, "factum.

What dru-s the Venetian poisoners used is uncertain The

ItLns became notorious in the sixteenth and seventeenth cen-

tudeTfor their knowledge of poisons, partly from the deeds oj

Toffana and others, and partly from the works of J.
f
aptista

Porta who wrote a very Comprehensive treatise under the tit^e

if mtural Ma-ic,"* and managed to slide into the text, m
Isfcttnfon cooking (De Be

^^^^^^
knowledge as to the preparation of poisons. There are pres^^^^^^^

finns that little accord with the title, unless, indeed, the tiades

of cook and poisoner were the same. He gives a Hiethod of

dru-tc. wine with belladonna root, for the purpose of making

theSfer^uest loathe drink; he also gives a list of solanaceous

*
J. Bapt. Porta, bom 1537, died 1615. Neapolitani Magi. Naturalu.

Neapoli, 1589.



THE OLD POISON-LOEE. 11

jails "venenum lupinum;" it is to be made of the powdered

eaves of Aconitum lycoctonum, Taxus baccata, powdered glass,

caustic lime, sulphide of arsenic, and bitter almonds, the whole

io be mixed with honey, and made into pills the size of a

iazel nut.

In the section De Medicis Experimentis, he gives a process to

Doison a sleeping person; the recipe is curious, and would
certainly not have the intended eifect. A mixture of hemlock
uice, bruised datura, stramonium, belladonna, and opium is

placed in a leaden box with a perfectly fitting cover, and fer-

nented for several days ; it is then opened under the nose of the

;leeper. Possibly, Porta had experimented on small animals,

md had found that such matters, when fermented, exhaled
!nough carbonic acid gas to kill them, and imagined, therefore,

ihat the same thing would happen if applied to the human
lubject. However this may be, the account which Porta gives
)f the effects of the solanaceous plants, and the general tone of
he work, amply prove that he was no theorist, but had studied
Dractically the actions of poisons.

The iniquitous Toffana (or Tophana) made solutions of ar-

;enious acid of varying strength, and sold these solutions in
)hials under the name of " Acquetta di Napoli " for many years.
5he is supposed to have poisoned more than 600 persons, among
ivhom were two popes—viz., Pius III. and Clement XIV. The
composition of the Naples water was long a profound secret,
out is said to have been known by the reigning pope and by
he Emperor Charles VI. The latter told the secret to Dr.
ixarelli, his physician, who, again, imparted the knowledge to
he famous Friedrich Hoffman in a letter still extant. Toffana
vas brought to justice in 1709, but, availing herself of the
mmunity afforded by convents, escaped punishment, and con-
linued to sell her wares for twenty years afterwards. When
Sepfer * was in Italy he found her in a prison at Naples, and
aany people visited her as a sort of lion (1730). With the
Icqua Toffana, the "Acquetta di Perugia" played at the same
ime its part. It is said to have been prepared by killing a
LOg, disjointing the same, strewing the pieces with white arsenic,
fhich was well rubbed in, and then collecting the juice which
Topped from the meat; this juice was considered far more
oisonous than an ordinary solution of arsenic. The recent
esearches of Selmi on compounds containing arsenic, produced
^hen animal bodies decompose in arsenical fluids, lend reason
nd support to this view ; and probably the juice would not only

* Kepfer's " Travels." Lond. 1758.
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he very poisonous, but act in a cliflferent manner, and exhibit

symptoms different from those of ordinary arsenical poisoning.

Toffana had disciples ; she taught the art to Hieronyma Spara

who formed an association of young married women during the

popedom of Alexander VII. ; these were detected on their own

"""otntemporaneously with Toffana, another Italian, Eleli, de-

voted himself to simUar crimes. This man had expended much

as an adept, searching for the Pl^lo^^P^^^f
^^if^^"^^^^^^^

indemnify himself by entering upon what must l^^J^ ^^^^
J

Tirofitable business. He it was who instructed M. de bt. Croix

Tthe prope^^^^^^^^ of arsenic, and St Croix in his turn, imparted

the secret to his paramour, Madame de Brmvilhers. This

woman appears to have been
J^^^J^ gfeu

said to have experimented on the patients at the Hotel JJieu

n order to ascertain the strength of her P^-^-^^^^^J .^^j;

invented " les poudres de succession." She poisoned terjathe^

Whers, siste^, and others of her family ;
but a terrible fate

overtook both her and St. Croix. The latter was suffi>cated by

some poisonous matters he was preparmg, and Madame de

BrTnvilliers' practices having become known, ^^^^^ ^^^^S^^^^^^^

take refucre in a convent. Here she was courted by a police

oter d^guiBed as an abbe, lured out of the c^^-^^^^\^^^

this way brought to justice, was beheaded
_
ami burnt neai

TsTfitre Dame in the middle of the reign of Louis V .T

The nume -ous attempts of the Italian and Venetian Poisoner

on the lives of monarchs and eminent persons, cast for a Ion

tTme a cloud over regal domestic peace,
^-^f^^^^:^^

were not feared, but in their place the
'l^^^^^^^^^f

pasty and the red wine were regarded as possible carr ers o

No better example o^ t^^^re^^^^l .t^ttorSar
so late a period as the reign of Henry \

^
precautions thought necessary for preserving the infant Tunce

Wales.

* Le Bret's Mac,azin zu OebraucU der Staat-u. Kirchen-GescMcUe, Theil 4

Frankfort aud Leipzig, 1774.
ardente) and the histories of SI

XIV., Strntzel De Venmis, &c
pretended to be) appr.

: Henry VIIL, at one time of his life, ^vas P
^^.^ ^^^^^^

hensive of being poisoned
'^y'^^'.'Z in an interview wit

Anne Boleyii attempted to dose l^^'"-
. fj^ll^^ j^; his sister (meai

young Prince Henry, burst m o tears, saying that
^^^^

in^ the Princess Mary) might thank God lor liaMug i
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No person of whatsoever rank, except the regular attendants

in the nursery, should approach the cradle, except with an

order from the king's hand. The food supplied to the child was

to be largely 'assayed,' his clothes were to be washed by his own

servants, and no other hand might touch them. The material

was to be submitted to all tests. The chamberlain and vice-

chamberlain must be present, morning and evening, when the

forince was washed and dressed, and nothing of any kind, bought

jfor the use of the nursery, might be introduced until it was

washed and perfumed. No person, not even the domestics of

the palace, might have access to the prince's rooms, except

those who were specially appointed to them, nor might any

member of the household approach London, for fear of their

catching and conveying infection."*

However brief and imperfect the foregoing historical sketch

of the part that poison has played may be, it is useful in showing

the absolute necessity of a toxicological science—a science

embracing many branches of knowledge. If it is impossible

for Toffanas, Locustas, and other specimens of a depraved

humanity, to carry on now their crimes without detection

;

if poison is the very last form of death feared by eminent

political persons: it is not so much owing to a different state

'of society, as to the more exact scientific knowledge which is

I applied during life to the discrimination of symptoms, dis-

tinguishing between those resulting from disease and those

5 due to injurious substances, and after death to a highly-
' developed pathology, which has learned, by multiplied observa-

I tions, all the normal and abnormal signs in tissues and organs

;

and, finally, to an ever-advancing chemistry, which is able in

I many instances to separate and detect the hurtful and noxious
.'thing, although hid for months deep in the ground.

GROWTH AND DEVELOPMENT OF THE
MODERN METHODS OF CHEMICALLY DETECT-
ING POISONS.

§ 8. The history of the detection of poisons has gone through
several phases. The first phase has already been incidentally

I hands of that accursed and venomous harlot, who had intended to poison
I them."—" A Chronicle of England during the Reign of the Tudors." By
\
W. J. Hamilton. Introduction, p. xxi.

* Froude's "History of England," vol. iii., p. 262.
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touched upon—i.e., detection by antecedent and surrounding

circumstances, aided sometimes by experiments on animals, if

the death was sudden, if the post-mortem decomposition was

rapid, poison was indicated—sometimes a portion of the food

last eaten, or the suspected thing, would be given to an animal;

if the animal also died, such accumulation of proof would render

the matter beyond doubt. The modern toxicologists are more

sceptical, for even the last test is not of itself satisfactory, it

is now known that meat may become filled with baciili, and

produce rapid death, and yet no poison as such has been added.

In the next phase, the doctors were permitted to dissect, and

to familiarise themselves with pathological appearances, ihis

was a great step gained ; the apoplexies, heart diseases, pertora.

tions of the stomach, and fatal internal haemorrhages could no

longer be ascribed to poison. If popular clamour made a ialse

accusation, there was more chance of a correct judgment, it

was not until the end of the eighteenth and the beginning of

the present century, however, that chemistry was far enough

advanced to test for the more common mineral poisons; tlie

modern phase was then entered on, and toxicology took a new

^^rg^^From the treatise of Barthelemy d'Anglais f in the

thirteenth century (in which he noticed the poisonous pro-

perties of quicksilver vapour), up to the end of the fifteenth

century, there are numerous treatises upon poison, most oi

which are mere learned compilations, and scarcely repay perusal.

In the sixteenth century, there are a few works, such, tor

example, as that of Porta, which partook of the general advance-

ment of science, and left behind the stereotyped doctrine of the •

old classical schools. J -o i, _4. t3 ^1=..

In the seventeenth century, the Honourable Robert i^oyie.

made some shrewd observations, bearing on toxicology, m his f

work on " The Usefulness of Natural Philosophy, &c. ;
Oxtord,

.

1664. Nicolas L'Emery also wrote a Cours de C/w»ite,—quite aa >

epitome of the chemical science of the time.§

In the eighteenth century, still farther advances were made. .

Eichard Mead published his ingenious " Mechanical Theory ot

.

* "Appendix to the Medical Officers' Report to the Local Governmeutt

Board for 1880."

f De Eerum Froprietaribxis. ., j 4.-. ^;f« ,„inn

I In the sixteenth century, it was not considered proper to ^^ifce upon

poisons. Jerome Cardan declared a poisoner ^o'-^^.^^^'^'i
'-^^^"S^^.f' ,

^^^^ ^^^J
8 why I have refused not only to teach or experiment on such thmgs, Due

f^ventoknov^them."—J. Cardan: DeSiibtihtale. Basel, looS.

Tc^^sTeChimie, contenanl la maniere de /aire Its op^ratxom qiu sonten

usage dans la MCdccine. Paris, 1675.
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Poisons." Great chemists arose—Stahl, Marggraf, Brandt,
Bergmann, Scheele, Berthollet, Priestley, and lastly, Lavoisier

—

and chemistry, as a science, was born. Of the chemists quoted,
Scheele, in relation to toxicology, stands chief. It was Scheele
who discovered prussic acid,* without, however, noting its

poisonous properties ; and the same chemist separated oxalic
acid from sorrel, f made the important discovery that arsenic
united with hydrogen, forming a foetid gas, and, moreover, that
this gas could be decomposed by heat.f From this observation,
a delicate test for arsenic was afterwards elaborated, which, for
the first time, rendered the most tasteless and easily administered
poison in the whole world at once the easiest of detection. The
further history of what is now called "Marsh's Test" is as
follows :

—

§ 10. Proust § observed that a very foetid hydrogen gas was
disengaged when arsenical tin was dissolved in hydrochloric
acid, and that arsenic was deposited from the inflamed gas on
cold surfaces, which the flame touched. Trommsdorfi" next
announced, in 1803, that when arsenical zinc was introduced
into an ordinary flask with water and sulphuric acid, an arseni-
cal hydrogen was disengaged, and if the tube was sufficiently
long, arsenic was deposited on its walls.

||
Stromeyer, Gay-

Lussac, Thenard, Gehlen, and Davy, later studied this gas, and
Serullas, in 1821, proposed this reaction as a toxicological test.
Lastly, in 1836, Marsh published his " Memoir."H He elaborated
a special apparatus of great simplicity, developed hydrogen by
means of zinc and sulphuric acid, inflamed the issuing gas, and
obtained any arsenic present as a metal, which could be after-
wards converted into arsenious acid, &c.

This brief history of the so-called "Marsh's Test" amply
shows that Marsh was not the discoverer of the test. Like
many other useful processes, it seems to have been evolved by
a combination of many minds. It may, however, be truly
said that Marsh was the first who perfected the test, and
brought It prominently forward.

* Opuscula Chemka, vol. ii., pp. 148-174

^In??/''*" ^'"^f^Af'
^cctoseZte. Nova Acta Acad. Veg. Sued.Aimi 1784. Opuscula Chem.ica, vol. ii., pp. 187-195

saccharinTboS^^^^^^ «f oxidation of

taTned iL soS '
recognised its identity witli the acid con-

t Mimoires de Scheele, t. i., 1775.
§ Proust, Annales de Ohimie, t. xxviii., 1798.
II Nicholson's "Journal," vol vi

frol sSbstaS wiJh ^r^^'? -''^y Separating Small Quantities of A rsenicirom feubstances with which it is Mixed." Ed. New Phil. Journal, 183G
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§ 11. Matthieu Joseph Bonaventura Orfila

sidered the father of modern toxicology. His great yrovk frmte

^ TlTologie, was first published in 1814, and went through

many edition^^ Orfila's chief merit was the discovery that

Sns were absorbed and accumulated in certain tissues-a

discovery which bore immediate fruit, and greatly extended

the means of seeking poisons. Before the time of Orfila a

.chemist not finding anyth ng
^.^f^^^^, . 1°ttin^^^^^^

troubled to examine the liver, the kidney, the bram or tne

Soocl The immense number of experiments which Orfila

Undertook is simply marvellous. Some are of little value

^^d teach nothing a'ccurately as
.*^\-\-/,,rr^^^^^

fnr example, many of those m which he tied the gullet m

order r prevent vomiting, for such are expenments under

entely unnatural conditions ;
but there are still a arge numbei

tt ch form the very basis of our pathologica know edge.

Orfila's method of experiment was usually to take weigueci

or ineasured quantities of poison, to administer them to anima s

ancUhen after death-first carefully noting the changes m the

tSsuesTnd organs-to attempt to recover by chemica means the
tissues

^Jf ?^^ . ^ifis ^ay he detected and recovered

Nearly altXe o^g^^^^^ i-rgaL poisons then known, and

Siost of his processes are, with modifications and improvements,

^%T2^TWS:^^^^^^^^^ alkaloids at the commencement of

this century certainly gave the poisoner new weapons
;
yet the

^.Se nroceLs (slightly modified) which separated the alkaloids

Cm ^lant Ss^o served to separa^te them from the ^uman body

In 1803 Derosne discovered narcotme and morphine but he

neither recognised the difference between these two substances,

no their ha^sic properties. Sertiirner from 1805 devoted him-

Jplf to the study of opium, and made a series of discoveries.

B biquet^^^^^^^^^ reco -nised the basic characters of naj-co ine^

In 1818 Pelletier and Oaventou separated strychnine; m 1819

Sucine and in the same year delphinine was discovered simul-

Sneously by Brande, Lassaigne, and Feneuille. Conune was

recoS^^^ by Giesecke in 1827. and in the foUowing year. 1828,

Scotine was separated by Reimann and Posselt. In 183-.

» Orfila's chief works are as follows :—

.sac.

3I6moire sur la Nicotine et la Comcme. Pans, 18ol.

Pi;y^^,^,k.C<id,.vrc,iprom,ntm«:pmrrma,u. 2 torn. Pam, IMl.
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Robiquet discovered codeine ; and in 1833, atropine, aconitine,
and hyoscyamine were distinguished by Geiger and Hesse.
Since then, every year has been marked by the separation
of some new alkaloid, from either animal or vegetable substances.
So many workers in different countries now began to study and
improve toxicology, that it would exceed the limits, and be
foreign to the scope of this treatise, to give even a brief resume
of their labours. It may, notwithstanding, be useful to append
a short bibliography of the chief works on toxicology of the
present century.

§ 13.—BIBLIOGRAPHY OF THE CHIEF WORKS ON TOXICOLOGY
(NINETEENTH CENTURY.)

Anglada, Jos.—"Traite de Toxicologie Gi^ndrale, &c." MontpeUier et
Paris, 1835.
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2
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PART 11,

I. DEFINITION OF POISON.

§ 14 The term Poison" may be considered first in its legal,

as distinct from its scientific aspect.
thered from the

The legal defimtion of " poison is to De ga

be guilty of felony.
ivio+^r.,-. Aot 1861: " Whoso-

Further, by the Criminal Consolidat on ^ct ^^^^

defines a poison to be a ™'
^^^^^^ include, not only

taken by, a person, and ^^^'T^^^g.^nt chemical and

poisons which act on account
^^^^J^^f l^^t mechanical

?ther properties after
.f^^JP^^tS flu^^ for example,

irritants, and al.0 ^V^^fr^^^^^'^^^, kn-vin?, at the

a person give to anotHer
•

1^ the specific poison

same time that f«^
^^^^J ."^^^^^ capable of being

of scarlet fever, typhoid, f^J^Xan offence could be brought

thus conveyed, I believe ^^^^^ ^^^^ fi^e, the words "de-

under the first of
^^^^ff^°°^'Xab\e and may be extended to

struciive thing" are ^^^^^^^^
o^r dead, which, if

any substance ga-ous. ^uid^- i,j,,e or

capable at all of being taken
.^^^ "poison

'

Sence must, however f^ply obviously

The voris, " administered *° "^^
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law efFectually guards against any attempt to commit murder, no

matter by what means. There is thus ample provision for all

the strange ways by which poison has been introduced into the

system, whether it be by the ear, nose, brain, rectum, vagina, or

any other conceivable way, so that (to borrow the words of

Mr. Greaves, " Notes on Criminal Law Consolidation ") " the

malicious may rest satisfied that every attempt to murder which

their perverted ingenuity may devise, or their fiendish malignity

suggest, will fall within some clause of this Act, and may be

visited with penal servitude for life."

Since poison is often exhibited, not for the purpose of taking

life, but from various motives, and to accomplish various ends

—

as, for example, to narcotise the robber's victim (this especially

in the East), to quiet children, to create love in the opposite sex

(love philters), to detect the secret sipper by suitably preparing

the wine, to expel the inconvenient fruit of illicit affection, to

cure inebriety by polluting the drunkard's drink with antimony,

and, finally, to satisfy an aimless spirit of mere wantonness and
wickedness, the English law enacts " that whosoever shall

unlawfully or maliciously administer to, or cause to be taken by,

any other person, any poison or other destructive or noxious
thing, so as thereby to endanger the life of such person, or so as

thereby to inflict upon such person any grievous bodily harm,
shall be guilty of felony."

There is also a special provision, framed, evidently, with refer-

ence to volatile and stupefying poisons, such as chloroform,
tetrachloride of carbon, &c. :

—

" "Whoever shall unlawfully apply, or administer to, or cause
to be taken by any person, any chloroform, laudanum, or other
stupefying or overpowering drug, matter, or thing, with intent,
in any such case, thereby to enable himself or any other person to
commit, or with intent, &c., to assist any other person in com-
mitting, any indictable ofience, shall be guilty of felony."

§ 15. The German statute, as with successive amendments it

now stands, enacts as follows :
—

*

* " Wer vorsatzlicli einem Anderen, urn dessen Gesundheit zu beschadigen,
Gift Oder andere Stoffe, beibringt, welche die Gesundheit zu zerstoren
geeignet sind, wird mit Zuchthaus von zwei bis zu zehn Jahren bestraft.

'

'
1st durch die Handlung sine schwere Kbrperverletzuug verursacht

worden, so ist auf Zuchthaus nicht unter funf Jahren, und wenn durch
die Handlung der Tod verursacht worden, auf Zuchthaus nicht unter zehn
Jahren oder auf lebensliiugliches Zuchthaus zu erkennen.

" Ist die vorsatzliche rechtswidrige Handhing des Gift—&c.,—Beibrinc^ens
auf das ' Todten

' gerichtet, soli also durch dieselbe gewollter Weise"der
Tod ernes Anderen herbeigeflihrt werden, so kommt iu betracht : Wer
yorsiitzhch einen Menschen todtet, wird, wenn er die Todtung mit Ueber-
legung ausgefuhrt hat, wegen Hordes mit dem Tode beatraft."
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"Whoever wilfully administers {beihringt) to a person, for

the purpose of injuring health, poison, or any other substance

having the property of injuring health, will be punished by from

two to ten years' imprisonment.
" If by such act a serious bodily injury is caused, the

imprisonment is not to be less than five years ; if death is the

result, the imprisonment is to be not under ten years or for

If the death is wilfully caused by poison, it comes under the

general law :
' Whoever wilfully kills a man, and, if the killing

is premeditated, is on account of murder punishable with

death
'

"

The French law runs thus (Art. 301, Penal CotZe) :—" Every

attempt on the life of a person, by the effect of substances which

may cause death, more or less suddenly, in whatever manner

these substances may have been employed or administered, and

whatever may have been the results, is called poisoning. •

There is also a penalty provided against any one Avho shall

have occasioned the illness or incapacity for personal work ot

another, by the voluntary administration, in any manner what-

ever, of substances which, without being of a nature to cause

death, are injurious to health." t • x-£ i « •

8 16 Scientific Definition of a Poison.—A true scientific dehni-

tion of a poison must exclude all those substances which act

mechanically,-the physical influences of heat light, and elec-

tricitv
• the various infections which are supposed to be associated

with and caused by the growth and multiplication of minute

or-anisms; and further, the true parasitic
_
diseases, whether

caused by the growth of fungus, or the invasion of ^^^^S^'^'^

by animal parasites, as, for example, "trichinosis. The defini-

tion of poi on, in a scientific sense, should be broad enough to

comprehend not only the human race, but the dual world of

life, both animal and vegetable.
. i t,„,.

Husemann is almost the only writer on poisons who has

nttemnted with more or less success, to define poison by a

fene^aUsation keeping in view the exclusion of the mattei-s

^rr^lted. 'HusLann says-" We define Po^ons as sue i

inorganic, or organic, substances as are in part capable of arti

» "Est nualifi^ empoisonnevient-tont attentat Ji la vie d'une personne

Lsibles a la saiit6."-Art. 317, Penal Code.
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ficial preparation, in part existing, ready-formed, in the animal

or vegetable kingdom, which, without being able to reproduce

themselves, through the chemical nature of their molecules under

certain conditions, change in the healthy organism the forni and

general relationship of the organic parts, and, through annihila-

tion of organs, or destruction of their functions, injure health,

or, under certain conditions, destroy life."

I Avould make an attempt to define a poison thus :

—

A sub-

stance of definite chemical composition, vjhether mineral or organic,

may he called a poison, if it is capable of being taken into any living

organism, and causes, by its own inherent chemical nature, impair-

ment or destruction offunction.

It will, I think, be admitted that all poisons hitherto dis-

covered have definite chemical compositions, and can be repre-

sented by definite chemical fcrmulse ; and if in every case the

active principle of certain poisonous secretions has not yet been

separated, in either a pure enough state or in sufiicient quantity

to admit of analysis and determination of the nature of the

chemical molecules, it is none the less certain that the venoms
of all the snakes, the poison of the stinging insects, and the

more complicated vegetable juices contain either one active

principle, or a mixture of several, which, in the progress of

chemistry, will eventually be separated. l^Tot so the various

bacteroid-like bodies which have been discovered in anthrax,

small-pox, tuberculosis, diphtheria, &c. Here there is no pro-

bability that—supposing they could be purified perfectly from
the medium in which they live, and submitted to analysis—any
formula could be constructed of a satisfactory character, or any
active principle be separated by chemical means which would
reproduce the effects observable in their action on animal life.

II.—CLASSIFICATION OF POISONS.

§ 17. At some future time, with a more intimate knowledge
of the way in which each poison acts upon the various forms of
animal and vegetable life, it may be possible to give a truly
scientific and philosophical classification of poisons—one based
neither upon symptoms, upon local effects, nor upon chemical
structure, but upon a collation and comparison of all the
properties of a poison, whether chemical, physical, or physio-



24 POISONS : THEIR EFFECTS AND DETECTION. [§17.

logical. The general arrangement of nearly all toxicologists has

hitherto been based upon the physiological effects of poisons.

roder6 divided poisons into narcotics, narcotico-acids, and

septics. Orfila into

—

I. OORROSIVBS:

—

1. Mineral corrosive.

2. Vegetable corrosive.

3. Animal corrosive poisons.

II. Narcotic.
III. Irritant Narcotic.

lY. Septic.

Casper, in the earlier editions of his handbook, adopted a

physiological arrangement, but afterwards omitted all classi-

fication.

Taylor's division was as follows :

—

I, Irritant Poisons :— '

1. Mineral irritants.

2. Yegetable and animal irritants.

II. Neurotic Poisons :

—

1. General or narcotic poisons.

2. Spinal poisons.

3. Oerebro-spinal poisons.

III. Poisonous Gases :

—

1. Irritant-poisonous gases.

2. Neurotic-poisonous gases.

Dr. Guy adopted a partly chemical and partly physiological

arrangement, thus :

—

I. Inorganic:—
a. Corrosive.

h. Irritant.

II. Organic:—
a. Irritant.

b. Affecting the brain

c. „ ),
spinal cord.

d. „ „ heart.

e. „ „ lungs.

These authors themselves would be the first to admit the

imperfection of their various classifications ; and therefore, as it
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is universally acknowledged, that no perfect systematic arrange-

ment is at present attainable, we are either compelled to omit

all classification, or else to arrange poisons with a view to

practical utility merely.

From the latter point of view, an arrangement simply according

to the most prominent symptoms is a good one, and, without

doubt, an assistance to the medical man summoned in haste to

a case of real or suspected poisoning. Indeed, under such

circumstances, a scheme somewhat similar to the following,

probably occurs to every one versed in toxicology :

—

A. Poisons causing Death immediately, oe in a few Minutes^

There are but few poisons which destroy life in a few minutes.
Omitting the strong mineral acids and carbonic anhydride, with
the irrespirable gases

—

Prussic acid, the cyanides, oxalic acid, and,

occasionally, strychnine, are the chief poisons coming under this

head.

B. Irritant Poisons (symptoms mainly pain, vomiting, and
purging).

Arsenic, antimony, phosphorus, cantharides, savin, ergot, digitalis,

colchicum, zinc, mercury, lead, copper, silver, iron, baryta, chrome,
yeiv, laburnum, and putrid animal substances.

0. Irritant and Narcotic Poisons (symptoms those of an
irritant nature, with the addition of more or less pro-
nounced cerebral indications).

To this class more especially belong oxalic acid, and the oxalates,
with several poisons belonging to the purely narcotic class, but
which produce occasionally irritant efi"ects.

D. Poisons more especially affecting the ISTervotjs System.

1. Naecotics (chief symptom insensibility, which may be
preceded by more or less cerebral excitement): Opium, chloral,
chloroform.

2. Deliriants (delirium for the most part a prominent symp-
tom): Belladonna, hyoscyamus, stramonium, with others of the
tiolanaceoi, to which may be poisonous fungi, Indian
hemp, Lolium temulentum, cenanthe crocata, and camphor.

3. Convulsives.—Almost every poison has been known to
produce convulsive efi-ects, but the only true convulsive poisons
are the alkaloids of the strychnos class.

4. Complex Nervous Phenomena: Aconite, digitalis, hemlock,
calabar bean, tobacco, lobelia infata, and curara.
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§ 18 However useful tliis " rough and ready " list of poisons,

classed according to their effects, may be to the practitioner, I

have preferred an arrangement which, as far as possible, tollows

the order in Avhich a chemical expert would search tor an

unknown poison— hence an arrangement partly chemical and

partly symptomatic. A chemist, given a liquid to examine,

would naturally test first its reaction, and, if strongly alkaline

or strongly acid, would at once direct his attention to the

mineral acids or to the alkalies. In other cases, he would pro-

ceed to separate volatile matters from those that were fixed

lest substances such as prussic acid, chloroform, alcohol, and

phosphorus be dissipated or destroyed by his subsequent opera-

*'Tistillation over, the alkaloids, glucosides, and their allies

would next be naturally sought, since they can be extracted by

alcoholic and ethereal solvents in such a manner as m no way

to interfere with an a/ter-search for metals.
. , , ^ 4.

The metals are last in the list, because, by suitable treat-

ment, after all organic substances are destroyed, either by

actual fire or powerful chemical agencies, even the volatile

metals may be recovered. The metals are arranged very nearly

in the same order as that in which they would be separated

from a solution—viz., according to their behaviour to hydric

and ammonic sulphides.
i + , „f +1,^

There are a few poisons, of course, such as the oxalates ot the

alkalies, which might be overlooked, unless sought for specially ;

but it is hoped that this is no valid objection to the arrange-

ment suggested, which, in greater detail, is as follows :—

A.—ACIDS AND ALKALIES.

1. Sulphuric acid.

2. Hydrochloric acid.

3. Nitric acid.

4. Potash.

5. Soda.

6. Ammonia. . .

7. Neutral sodium, potassium, and ammonium salts.

In nearly all cases of death from any of the above, the analyst,

from the symptoms observed during life, from the surrounding

circumstances, and from the pathological appearances aiid evident

chemical reactions of the fluids submitted, is put
.^^

once oi. the

ricrU track, and has no difticulty m obtaining decided results.
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B.-POISONOUS SUBSTANCES CAPABLE OF BEING SEPA-

RATED BY DISTILLATION FROM EITHER NEUTRAL
OR ACID LIQUIDS.

1. Hydrocarbons.
2. Camphor.
3. Alcohols.

4. Amyl-nitrite.

5. Chloroform and other antesthetics.

6. Carbon disulphide.

7. Carbolic acid.

8. Nitro-benzene.

9. Prussia acid.

10. Phosphorus.

I have not thought well to include in this class the volatile

; alkaloids, which may also be readily distilled by strongly alka-

lising the fluid, because they admit of a rather different mode
of treatment.

C—ALKALOIDS AND POISONOUS VEGETABLE PRIN-

CIPLES SEPARATED FOR THE MOST PART BY
ALCOHOLIC SOLVENTS.

DIVISION I.

—

Vegetable Alkaloids.

1. General methods of testing and extracting alkaloids.

2. Liquid volatile alkaloids, alkaloids of hemlock, nicotine,

;piturie, sparteine.

3. The opium group of alkaloids.

4. The strychnine or tetanic group of alkaloids—strychnine,
ibrucine, igasurine.

5. The aconite group of alkaloids.

6. The mydriatic group of alkaloids—atropine, hyoscyamine,
[ solanine, cytisine.

7. The alkaloids of the veratrines.

8. Physostogmine.
9. Pilocarpine.

10. Taxine.

11. Curarine.

12. Colchicine.

13. Muscarine and the active principles of certain fungi.

There would, perhaps, have been an advantage in arranging
; several of the individual members somewhat difl'erently—e.//.,

a group might be made of poisons, which, like pilocarpine and
I muscarine, are antagonistic to atropine ; and another group sug-
igests itself, the physiological action of which is the opposite of
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the strychnos class; solanine (although classed as a mydriatic, and

put near to atropine), has much of the nature of a glucoside, and

the same may be said of colchicine ; so that, if the classihcation

were made solely on chemical grounds, solanme would have

followed colchicine, and thus have marked the transition from

the alkaloids to the glucosides.

DIVISION IL—Glucosides.

1. The digitalis group.
^ ^i. . ^

2. Other poisonous glucosides acting on the heart.

3. Saponin.

The glucosides, when fairly pure, are easily recognised
;
they

are destitute of nitrogen, neutral in reaction and split up into

su-ar and other compounds when submitted to the action ot

saponifying agents, such as boiling with dHute mineral acids.

DIVISION III.—Certain Poisonous Anhydrides of the

Organic Acids.

1. Santonin. 2. Mezerein.

It is probable that this class wUl in a few years be extended,

for several other organic anitrogenous poisons exist which, when

better known, will most likely prove to be anhydrides.

DIVISION IV —Various Vegetable Poisonous Principles

not admitting op Classification under the previous

Three Divisions.

Ert^ot, picrotoxin, the poison of Illicium re%^os^t«^, cicutoxin,

j^thusa cynapium, (Enanthe crocata, croton oil, savm oil.

The above division groups together various miscellaneous toxic

principles, none of which can at present be satisfactorily classified.

D —POISONS DERIVED FROM LIVING OR DEAD
ANIMAL SUBSTANCES.

DIVISION I.—Poisons Secreted by the Living.

1. Poisonous amphibia.

2. Poison of the scorpion.

3. Poisonous fish.
, ia ,

4. Poisonous insects—spiders, wasps, bees, beetles, &c.

5. Snake poison.

DIVISION II.

—

Poisons formed in Dead Animal

Matters.

L Ptomaines. , , . . „

2. Poisoning by putrid or changed foods—sausage poisoning.

E.—THE OXALIC ACID GROUP.
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F.—INORGANIC POISONS.

DIVISION I.

—

Precipitated from a Hydrochloric Acid

Solution by Hydric Sulphide—Precipitate, Yellow
or Orange.

Arsenic, antimony, cadmium.

DIVISION II.

—

Precipitated by Hydric Sulphide in

HVDROCHLORIC AciD SOLUTION

—

BlACK.

Lead, copper, bismuth, silver, mercury.

(DIVISION III.

—

Precipitated from a Neutral Solution

BY Hydric Sulphide.

Zinc, nickel, cobalt.

DIVISION IV.

—

Precipitated by Ammonic Sulphide.

Iron, chromium, thallium.

DIVISION v.—Alkaline Earths.

Barium.

Appendix.—Examination of Blood and of Blood Spots.

III.—STATISTICS.

§ 19. The number of deaths from poison (whether accidental,

suicidal, or homicidal), as compared with other forms of violent, as

well as natural deaths, possesses no small interest ; and this is more
especially true when the statistics are studied in a comparative

manner, and town be compared with town, country with country.

The greater the development of commercial industries (especi-

ally those necessitating the use or manufacture of powerful
chemical agencies), the more likely are accidents from poison to

occur. It may also be stated, further, that the higher the mental
development of a nation, the more likely are its homicides to be
caused by subtle poison—its suicides by the euthanasia of chloral,

morphine, or hemlock.
Other influences causing local diversity in the kind and

frequency of poisoning, are those of race, of religion, of age
and sex, and the mental stress concomitant with sudden political

and social changes.

In the five years from 186.3-1867, there appear to have died
from poison, in England and Wales, 2097 persons. In a certain
inumber (1,620) of these cases, the poison, with more or less clear-
mess, is indicated, and the causes of death may be arranged in
the order of frequency, thus :

—
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TABLE I.-DEATHS FEOM POISON BETWEEN 18G3-18G7.

{ Opium and Laudanum, . 426 \

g|
r> • i )

Opium, .... ^.ii . 628
"

Opiates, . . • i Morphia 32 f

( Godfrey's Cordial, . . . 56 )

Lead Salts, ,
'

-A ' \

[
Cyanide of Potash and Prussic )

Cyanides, ... Acid, • • • .
182

( Oil of Bitter Almonds, . .31)
Arsenic, ' '

co \

'

i Sulphuric Acid, . . .061
Acids, . . . Nitric Acid, . . . .16 V •

(
Hydrochloric Acid, . . o

)

Oxalic Acid, gg
Mercury, ' ' '

41
Strychnine, ^-
Alcohol,

Worm Powder, '15
Phosphorus,
Ammonia and Hartshorn,

Chloride of Zinc, ^
Aconite,

g
Belladonna, .....>.•••

^
Fungi, -

Carbolic Acid, ^
Chlorodyne, ^
Turpentine, ; . . •

•

Sulphate of Copper, ^
Colchicum, „

Disinfecting Fluid, „

Nitrate of Potash,

Chloric Ether, %
Cantharides, , •

'

I Too large doses of Medicine, . 52
j

-r n . ^ 4. X 1 )
Unsuitable Food, . . . 33 f j^q

Indefinitely stated, . j Unsuitable Medicine, . . 17 (

f Poisonous shell-fish, . . 8 )
^ 1,620

Throwing out the 110 cases which cannot be accurately defined,

it would then seem likely that, in the years mentioned, a

thousand cases of poisoning—accidental, homicidal, and suicidal

—would be arranged thus :

—

414
Opiates,

Lead Salts,

Cyanides, 'I

Arsenic,

Oxalic Acid,

Mineral Acids,

Mercury „L

Strychnine,

Alcohol, "n
Phosphorus,

The remainint!; 82 would be of a miscellaneous character.
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TABLE II.* — SUBSTANCES EMPLOYED IN 1000 MALE AND
FEMALE SUICIDES BY POISON IN ENGLAND DURING
THE TEN YEARS, 1871-80.

Poiaoa

Opiates,

Cyanides—
Prussic Acid, Oil of Almonds,
Cyanide of Potassium,

Vermin -Killer and Fly-Killer, .

Caibolic Acid, ....
Strychnine, ....
Mineral Acids—

Acid Hydrochloric,

,, Sulphuric,

.

,, Nitric,

OxaHc Acid, Salts of Sorrel,

Arsenic, .....
Mercury, .....
Phosphorus, ....
Chloroform, Chloral, and Chlorodyne,
Ammonia, . .

Belladonna, ....
Aconite, .....
Copper, .....
BenzoUne, Paraffin, .

Chloride of Zinc, Disinfecting Fluid,
Lead, .....
Liniment,
Bichromate of Potash,
Alcohol,

Colocynth, ....
Hellebore, ....
Iodine, .....
Acetic Acid, ....
Cantharides, ....
Colchicum, ....
Tartaric Acid, .

Yew,

Males.

256-5

178 '4 27-5
111-1 39-6
47-6 194-5
57-4 130-9

70-4 103-3

39-1
22-0
19-5

70 -S

28-1

23-2
11-0

15-9

11-0
6-1

6-1

1-2
4-8

2-4
1-2

1-2

1-2

1-2

1-2

1-2

1-2

Females.

167-1

.34-5

39-6
15-5

87-8
51-6

27-5
24-1
8-6

8-6

8-6

3-4

6-9

1-7

3-4

3-4

3-4

1-7

1-7

1-7

1-7

1-7

may^be^Taltaldt^oTw^B-- ^ ^ ^'"'^ ""^^'"^ England, were 1581, a7a

Accident or Negligence. Suicide. Slurder.

187G, .

1877, . . .

1878, . . .

1879, . . .

1880, . . .

W.
a"
49

2.34

229
48

F.

;n
24

iiij

VV.)

20

M.
ilj

28
1!0
143
52

F.

23
20
99

104
21

M.
1

1

1
0
1

F.
2
0
2
4
0

597 330 ST.'i ' 2G7 4 8
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It is useful to compare the two previous tables together. The

second list, as might be expected, is at once more definite and

more complete. Opiates hold the first place in both, but the

extended use of carbolic acid has introduced a new and ever

ready means of suicide. The mineral acids, as before, occupy the

sixth place, but arsenic does not appear to be such a favoured

medium of suicide as in former years.

TABLE III -SHOWING THE ADMISSIONS INTO VARIOUS

MEDICAL INSTITUTIONS* IN BERLIN OF PERSONS

SUFFERING FROM THE EFFECTS OF POISON DURING

THE THREE YEAIRS, 1876, 1877, 1878.

Charcoal Vapour,

Sulphuric Acid,

Hydrochloric Acid, .

Nitric Acid, and Aqua Regia,

Phosphorus,
Cyanide of Potash, .

Prussia Acid, ... .

Oxalic Acid, and Oxalate of Potash,

Alcohol, .

Arsenic, .

Morphine,
Opium,
Potash or Soda Lye,

.

Chloral, .

Chloroform,
Sewer Gas,

Strychnine,

Atropine, .

Copper Sulphate,

Nitrobenzol,

Carbolic Acid, ,

Chromic Acid, .

Burnt Alum, .

Ammonium Sulphide,

Datura Stramonium,
Petroleum,
Benzine, .

Ether, . . .
.

Prussic Acid and Morphine,

Prussic Acid and Chloral,

Turpentine and Sal Ammoniac,

'M'a loo Total.

1 i
78
t o 155

4
7 ...

)

1 ^xo 28 41
9Q .S )

38
0 1

1 1 g 19

12 2 14

7 5 12
»O 1 )

12
9

2 6 8

3 4 7

4 2 6

5 5

4 4
1 2 3

1 2 3

2 2
2 2

i I 2

1

i

1

1

"i

1

1

1

"i

223 212 435

* Viz., the Konigl. Charit6, AUg. Stadtisches Krankenbaus, btadtiscues

BarackeA-Lazareth, Bethanien, St. Helwiig's-Lazarus, EUsabethen-Krauken-

haus Au-^usta Hospilal, and the Institut fur Staatsarzneikunde.
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The probability, then, is strong that 1,000 deaths from poison

in or about Berlin would be made up as follows,:

—

Charcoal Vapour 356

Mineral Acids, 214

Phosphorus, • 94

Cyanides

—

i. e. , Potassic Cyanide and Prussia Acid, 90
Oxalic Acid and Oxalates, 44
Alcohol,......... 32

Opium and Morphia, 28

Arsenic, 28
Chloral, 16

Chloroform, 14

Sewer Gas, 11

Strychnine, ........ 9
Atropine, . 7
Sulphate of Copper, 7
Nitro-Benzol, 5
Carbolic Acid, ....... 5
Chromic Acid, . 5

The remaining thirty-five will be made up of the more
uncommon poisonings, either of matters but little known, or

of more or less complex mixtures.

§ 20. Accidental Poisoning.—The total deaths from accidental

poisoning in England for the twenty-five years, 1848-1872, were
8,234, the distribution of sexes being—males, 4,792 ;

females,

3,442. If calculated out in ratios of deaths from all causes, the
proportions are—82 per million total deaths, males; 62 per million
total deaths, females; or 19 per million of the living male popula-
tion, and 13 of the living female population. The influence of age
may be gathered from the following table, which gives the
abstract numbers representing the relative probability of poison-
ing at the ages given of a million people in the period named :

—

Under 1 year,

,, 5 years,

10 „
20 „

5) 35 ,,

)> 4o ,,

)> 55 „
65 „

Above 45
,,

§ 21. Suicide hy Poison.—During the fifteen years, 1853-1872,
5,566 females, and 15,340 males committed suicide. The different
forms of death which these unfortunate persons chose may be
tabulated thus :

—

3

Males. Females.

141 113
56 37
5 4
7 13

13 10
29 14
31 40
27 17
22 27
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MALES.

Hanging,
Cutting, Stabbing,

Drowning,
Otherwise,
Poison, .

Gunshot,

.

Hanging,
Drowning,
Poison, .

Cutting, .

Otherwise,
Gunshot,

FEMALES.

Number.

6,821

3,189
2,094
1,199

1,110
937

1,665

1,616
900
890
483
12

Per ThouBand.

444
208
136

78,
72
62

299
290
162
160
87
2

Malee. Females.

399-8 268-1

212 0 147-9

165-5 333-3

78-9 172-2

67-8 2-3

23-6 7-6

20-5 35-9

31-9 32-7

Methods of suicide adopted by 1,000 males and females' in

Great Britain per 1,000 of each sex, 1871-80 :

—

Hanging, Strangulation, .

Cut, Stab, or other Wound, .

Drowning, ....
Poison, . . . • •

Gunshot,
Lying on Rail, or Jumping from the

Train, . . .

Jumping from Height,

Otherwise, ....
Hanging, then, appears to be the most favoured^ mode of

death, but with regard to other violent causes of decease, the

different habits of life and formation of the two sexes cause

a considerable difference. A woman is not accustomed to bre-

arms, and has seldom access to them; she is also averse to

cutting instruments; hence cuUhig and stabbing, occupying

the second place in order of frequency among the male smcides

diminishes to the fourth place among the female, whi e the item

"gunshot wounds and loounds byfirearms generally, although occu-

pying the place of least frequency in both sexes, yet accounts

for more than sixty per thousand of the males, and only two

per thousand of the females. Death by poison is third in the

list of female suicides, and fourth among males; this, again,

is evidently due to the mental peculiarities of the two sexes,

and in part also, perhaps, to the superior faculties of the

male in the possession of destructive weapons. Howe.ei this

may be, it is evident from the statistics quoted that, among
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English people, a suicidal woman is twice as likely to take

poison as a suicidal man. Whether this ratio would hold good
if the statistics were drawn entirely from the educated ranks of

society is perhaps doubtful. Very similar results are brought

out by Fircks in his Prussian statistics.*

TABLE IV.-SHOVVING THE PEEDILECTION OF 1000 PRUSSIAN
SUICIDES FOR VARIOUS FORMS OF VIOLENT DEATHS
FOR THE SEVEN YEARS 1869-1875.

Males. Females.
• Hanging, 647-19 44r95
Drowning 137-89 406-06
Poison, 18-31 65-45
Cut-throat, 30-52 31-76
Firearms, 129-77 5-82
Suicide by placing themselves on the Railway, 14 -46 13-59
Fall from a Height, 6-34 13-81
Opening of the Veins, 5-16 5-09
Breathing Poisonous Gases, . . . 1*42 8-73
Stabbing, 3-76 3-88
StrangUng, 2-79 2-18
Cutting the Abdomen, .... -59 -72

Other ways, and unclassed, . . . 1 -80 "96

Poison in the Prussian statistics occupies the third place,
as in England; but the effect of a military education, and the
constant handling of firearms, causes the deaths of suicidal males
by gun or pistol shot, instead of occupying, as in England, the
last place in order of- frequency, actually to stand third in the
list, and to account for nearly 130 per thousand of the total
violent deaths.

CRIMINAL POISONING.

§ 22. Some useful statistics of criminal poisoning have been
given by Tardieuf for the 21 years, 1851-1871, which may be
summarised as follows —

* Ruchhlich auf die Bewegung der BevOlherung im Preussisclien Staatewahrend des Zettraumes vom Jahre 1816, bis ziim Jahre 1844 in Nro 48

»$'B^IiviSr4,'^?i2f'
'"'"""^''^fi''^'^" ^^"'"'i?^- ^l^tistischcn Bureau

t "£tude M6dko-L6gale sur rBmpoisonnement." Paris, 1875.
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Total Accusations of Poisoning in- the 21 years, 793

Results of the Poisoning :—

Death, 280)

Illness, . g6
Negative, ^^'^

'

Accused :

—

Men,
Women,

Nature oe Poison Employed :—

Arsenic,
Phosphorus, .

( Sulphate,Copper
I ^^g^^^g (Verdigris),

( Sulphuric Acid, .

Acids I Hydrochloric Acid,

( Nitric Acid,

Cantharides, .

Nux Vomica, .

Strychnine, .

S

Opium, .

Laudanum,
Sedative Water

Salts of Mercury, .

Sulphate of Iron, .

Preparations of Antimony,

Ammonia,
^ 1 \ Prussic Acid,
Cyanides

|
Qyanide of Potash

Hellebore,

Datura Stramonium,
Powdered Glass, .

Digitalin,

Potash, .

Sulphate of Zinc, .

Eau de Javelle (a solution of

Tincture of Iodine,

Croton Oil, .

Nicotine,

Belladonna, .

"Baume Fiovarenti,"

Euphorbia,
Acetate of Lead,

Carbonic Acid Gas,

Laburnum Seeds, .

Colchicum,
Mushrooms, .

Sulphuric Ether, .

Total,

Hypochlorite of

304
399

120
39
36

5
1

7 '

6
3
1

2"

Potash),

872

703

867
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It hence may be concluded, according to these statistics of

criminal poisoning, that of 1000 attempts in France, either

to injure or to destroy human life by poison, the following is the

most probable selective order :

—

Arsenic, 331
Phosphorus, 301
Preparations of Copper, 183
The Mineral Acids, 54
Cantharides, ......... 35
Strychnine, ......... 14
Opiates, .......... 12
Mercurial preparations, ....... 9
Antimonial preparations, ...... 6
Cyanides (that is, Prussic Acid and Potassic Cyanide), . 5
Preparations of Iron, 5

This list accounts for 995 poisonings, and the remaining 45
will be distributed among the less used drugs and chemicals.

IV.—THE CONNECTION BETWEEN TOXIC ACTION
AND CHEMICAL COMPOSITION.

§ 23. The therapeutic or poisonous action of a newly discovered
compound can only be found by testing it with life. This
" life-test " is also from time to time necessary to identify certain
substances, the chemical reactions of which are inferior to, or
more obscure than, their physiological effects. No great gener-
alisation has yet been propounded by which, from the chemical
composition of a given substance, we can predicate its physio-
logical action; but work has been done in this direction which
gives reason to expect that it will ultimately be accomplished.
Drs. Crum Brown and Eraser* have suggested that there is
some relation betv/een toxicity and the saturated or non-
saturated condition of the molecule. For example, kakodylic acidt

* " On the Connection between Chemical Constitution and Physiological
Action, with special reference to the physiological action of the Ammonium
Bases, derived from Strychnine, Brucine, Thebaine, Codeine, Morphine, and
^'^1^ ^^'d r^'*""

-^-S^-' J'-K-S.E., and T. B. Frascr.
M.U., l!.K.S.Ji. Journ. Anal, and Phy.%, vol. ii., p. 224.
,

\ 'Qm^eu: Annalen der CInmk u. Pharm. xWi. \Q,
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is inert and tetramethyl stibonium has no emetic properties;

these are all saturated compounds ;
but, on the other hand, there

are several exceptions; such, e.g., as alcohol, oxalic acid, and

corrosive sublimate. The experiment of introducing methyl

into strychnine led to some interesting results. {See a/rtick

"Strychnine.") . .

M. Oh. Michet* has investigated the comparative toxicity of

the metals by experiments on fish, using species of serranus,

crenolabrus, and iulis. The chloride of the metal was dissolved

in water and diluted until just that strength was attained m
which the fish would live 48 hours ;

this, when expressed in

grammes per litre, he called " the limit of toxicity."

The following is the main result of the inquiry, by which it

will be seen that there was found no relation between "the limit

of toxicity," and the atomic weight.

TABLE v.—EXPERIMENTS ON FISH.
. .

No of
Limit of

Experiinents. Metal. '^°^n^nn
20. Mercury, -00029

7. Copper, ;0033

20. Zinc, 0084

10. Iron -014

7. Cadmium, 017

6. Ammonium, '06*

7. Potassium '10

10. Nickel, -126

9. Cobalt '126

11. Lithium '3

20. Manganese, '30

6. Barium ''°

4. Magnesium,
20. Strontium, 2-2

5. Calcium 2'4

6. Sodium, 24-1/

v.—LIFE-TESTS ;
OR, THE IDENTIFIOATION OF

POISON BY EXPERIMENTS ON ANIMALS.

§ 24. A philosophical investigation of poisons demands a com-

plete methodical examination into their action on every life

form, from the lowest to the highest. Our knowledge is more

definite with regard to the action of poisons on man, dogs, cats,

"De la ToxicU6 comparie des diffdrents M6tatix." Note de M. Ch. MxcJiet.

Compt. Rend., t. xciil, 1881, p. 649.
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rabbits, and frogs than on any other species. It may be con-

venient here to make a few general remarks as to the action of

poisons on infusoria, the cephalopoda, and insects.

Infusoria.—The infusoria are extremely sensitive to the

poisonous alkaloids and other chemical agents. Such tiny lives

are, for the most part, ever at hand ; the nearest pool of stagnant

water will furnish them in abundance, or they may be produced

at home by steeping bread or meal for a few days in spring or

river water kept at a temperature of from 15° to 18°. Strong

doses of the alkaloids cause a contraction of the cell contents,

and somewhat rapid disintegration of the whole body ; moderate
doses at first quicken the movements, then the body gets per-

ceptibly larger, and finally, as in the first case, there is integra-

tion of the animal substance.

Rossbach * gives the following intimations of the proportion

of the toxic principle necessary to cause death :—Strychnine

1 part dissolved in 1500 of water; veratrine 1 in 8000; quinine

1 in 5000; atropine 1 in 1000 ; the mineral acids 1 in 400-600;
salts 1 in 200-300.

The extraordinary sensitiveness of the infusoria, and the
small amount of material used in such experiments, would be
practically useful if there were any decided difi'erence in the
symptoms produced by difierent poisons. But no one could
be at all certain of even the class to which the poison belongs
were he to watch, without a previous knowledge of what had
been added to the water, the motions of poisoned infusoria.

Hence the fact is more curious than useful.

Cephalopoda.—The action of a few poisons on the cephalopoda
has been investigated by M. E. Yung.f Ourara placed on the
skin had no efiect, but on the branchise led to general paralysis.
If given in even fifteen times a greater dose than necessary to
kill a rabbit, it was not always fatal. Strychnine, dissolved in
sea-water, in the proportion of 1 to 30,000, causes most marked
symptoms. The first sign is relaxation of the chromataphore
muscle and the closing of the chromataphores ; the animal pales,
the respiratory movements become more powerful, and at the
end of a notable augmentation in their number, they fall rapidly
from the normal number of 25 to 5 a minute. Then tetanus
commences after a time, varying with the dose of the poison

;

the arm stiffens and extends in fan-like form, the entire body
is convulsed, the respiration is in jerks, the animal empties his
pouch, and at the end of a few minutes is dead, in a state of

* N. J. Eossbach, Pharm. Zeitschr. fur Russland, xix. 628.
t Corny I. Rend., t. xci., p. 306.
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great muscular rigidity. If at this moment it is opened, the

venous heart is found still beating. Nicotine and other poisons

were experimented with, and the cephalopoda were found to be

generally sensitive to the active alkaloids, and to exhibit more

or less marked symptoms.
i oo.o

Insects.—I devoted considerable time, m the autumn ot 18h2,

to observations on the effect of certain alkaloids on the common

blow-fly, thinking it possible that the insect would exhibit a

sufficient series of symptoms of physiological phenomena to

enable it to be used by the toxicologist as a living re-agent.

If so, the cheapness and ubiquity of the tiny life during a con-

siderable portion of the year would recommend it for the

purpose. The results, on the whole, came up to my expecta-

tions, and, provided two blow-flies are caught and placed beneath

glass shades-the one poisoned, the other not-it is surprising

what a variety of symptoms can, with a little practice, be

distinc^uished. Nevertheless, the absence of pupils, and the

want of respiratory and cardiac movements, are, m an experi-

mental point of view, defects for which no amount or variety

of merely muscular symptoms can compensate.
. , .

From the nature of the case, we can only distinguish m the

poisoned fly dulness or vivacity of movement, loss of power m
walking on smooth surfaces, irritation of the integument, dis-

orderly movements of the limbs, protrusion of the fleshy pro-

boscis, and paralysis, whether of legs or wings. My experiments

were chiefly made by smearing the extracts or neutral solutions

of poisons on the head of the fly. In this way some of it is

invariably taken into the system, partly by direct absorption,

and partly by the insect's efforts to free itself from the foreign

substance, in which it uses its legs and proboscis. For the

symptoms witnessed after the application of saponine, digitalm,

and aconitine, the reader is referred to the articles on those

substances. . . - ^ i

In poisoning by sausages, bad meat, acomtme curarme, and

in obscure cases generally, in the present state of science,

experiments on living animals are absolutely necessary In this,

and in this way only, in very many instances, can the expert

prove the presence of zymotic, or sho>v the absence of chemical

^°?25.' Methods.—The simplest method of experiment on animals

is one of high antiquity : some domestic animal, such as a dog or

cat Ts induced to eat part of the " substance suspect by mixing

it with his food. If the animal eat and live the substance^is

innocent; if he eat and die, there is something wrong, by

modern and more scientific methods, solutions of poisons aie



§26.] LIFE-TESTS. 41

injected directly into the circulation or beneath the skin, the

latter method being nearly always the more convenient. A
small glass syringe, provided with a hollow needle, is charged,

and the operator injects under the skin a known quantity of

the solution, and watches the effects. In experimenting in this

way on small animals such as mice, the needle, however fine, is,

considering the size of the animal, really of the proportional

dimensions of a spear to man, and effects are produced by the

wound itself Hence, it is more prudent in this instance to

take two mice and inject under the skin of the one the liquid,

the properties of which are sought, and under the skin of the
other an equal bulk of pure water. Both mice having then
been wounded in a similar place and manner, but with syringes

differently charged, are strictly comparable, and the error of
confusing the mere effects of the operation with that of a poison
is not likely to happen. The best seat for subcutaneous injec-

tion is the skin at the back of the neck, which in all animals is

there a little loose. This situation is the more convenient, since

cats and dogs taken up by firmly grasping this loose skin are
unable to turn and bite. The operation itself presents no diffi-

culty. If material suffice, it may be desirable to make several
experiments on different classes of animals, and when this is the
case, the cat, the rabbit, and the frog are, all things considered,
the best subjects for selection.

§ 26. In making experiments on animals, the amount or dose
of the poison used, the time of its administration, and the time
of occurrence of any symptoms should be accurately noted.
The disturbances or deviations from the normal state, known as
symptoms, maybe conveniently divided into groups :— 1. Symptoms
referable to the respiratory system. 2. Disorders of the circu-
lation : condition of the heart and arteries. 3. Nervous system :

dilatation or contraction of the pupils, paralysis or convulsions, &c.
4. Effects on the muscular system. 5. Temperature. 6. Disorders
of the digestive tract : vomiting, diarrhcBa.

1. Resinration.—The number of respirations per minute is
for the most part readily obtained by simple observation of the
walls of the chest or of the nostrils of most animals. To observe
the respirations of the frog, it is placed on its back, then the
skin below the epi-sternal cartilage is seen to rise and fall at
intervals, in health, of from one to two seconds.
There are instruments by which the movements of the chest

can be recorded upon a revolving cylinder, and in investigating
new poisons, such methods are preferable and far more accurate
than any other. The respiration of poisoned animals may be
slow, quick, shallow, gasping, intermittent, or spasmodic.
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It is most important to note whether the respiration and the

heart's action are both extinguished simultaneously, or nearly

so or whether the heart goes'on beating after the respiration
°'

has ceased; and, further, whether (as m
many cases) life can be maintained by

artificial respiration.

If artificial respiration is only required

for a limited time, it is easily efltected by

introducing into the trachea of the anima

a tracheal canula, attached to which should

be the india-rubber tube connected with

the common blower and expanding regu-

lator found in almost all laboratories, and

used for the purposes of the gas blow-

pipe • if artificial respiration, however, is

required for any length of time, then an

automatic apparatus is in every respect

more convenient. One of the best sell-

acting mechanisms is formed by a Spren-

trel's blow-pipe and an electrical appa-

ratus for permitting the au- to go m
regular waves. A long tube (see fig. i)

having a side branch, F, is attached, on

the one hand, to the water supply, and,

on the other, is inserted by means _ot a

caoutchouc cork into a bottle, B, contaimng

some water, the tube. A, dipping beneath

the surface of the water. The cork is

doubly perforated, and in the second per-

foration there is a tube, X, bent at right

angles to deUver the air. A current ot

water passing down A, sucks air in bv

F- the air is compressed m the bottle,

and escapes by the right-angled tube, X,

in a continuous stream; by suitable regu-

lations of the taps, and especially ot the

clip, 0, the same quantity of water is

allowed to escape as that which enters

the bottle, and thus a constant level is

maintained. The current of air is broken

in the following way (see fig. 2). 1 is a flat

india-rubber bag, which is connected to the

right-angled tube, X, of fig. 1 by a flexib e

tube 6'; on b' is a weight closing it, but

lifted off each time the current passes through an electro-magnet.

Fig. 1.
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falling when the current is broken; the interruption of the

current is effected by a mercurial breaker, consisting of a U tube, c,

containing mercury in the bend and resting on the bag, being

in a vertical position beneath the arch of a little wooden bridge.

The bridge supports two wires, d, d, insulated from one another;

each wire is received into a limb of the U tube, and in this way,

if the bag expands, the mercury touches the wires, and instantly

Fig. 2.

the magnet lifts off the weight, and the air streams into the
animal's lungs

; the caoutchouc bag collapsing, the contact of
wire and mercury is broken, and the weight falls, which, occlud-
ing the tube, permits distension of the bag to again occur.
When properly adjusted, the machine requires very little atten-
tion.

2. Circulation.—Poisons often cause changes in the calibre
of the smaller arteries, and such changes may be seen by
examining the suitably prepared omentum of the living guinea-
pig, or m the retinal vessels of man or of the larger animals.A still more convenient source of information is the web of the
Irog s foot, although this is suitable for viewing capillary vessels
rather than small arteries. The heart itself is, however, the
most important organ to which the toxicologist directs his
attention, more especially as a large class of poisons (of which
digitalm is the type) appear to act primarily on the heart, and
are hence called "heart poisons." The mere movements of the
heart, the number and regularity or irregularity of its pulsations,
as well as its force, can be with considerable ease ascertained
by inspection and palpation in most animals

; but in order to
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obtain precise information as to whether a given extract or

for it may be even removed from the body and solutions applied

to its substance.
^.^^^^ ^^^^ -^^^^ to

go „„ beating for
^-^Ztl^rl'XrL^M

be d^onstrated-^*, a ck«p of a soto^^

''"'u''u°Zt ifto th S^rt tfurstmed a Zp of atropine «
suddenly ;

but it to inc ned^
-Cv-unton observed this phe-

added, the beats recommence.
J^^- fo, fo^r Jurs.

nomenon after a f-S^ l^eart had ceased t^^

^^^^

The unassisted ^je will miss many oi
p^^

beats of the excised heart, and it is usual to make tne

xnore evident by ^echanjal appli^^^^^^^
^^^^

A very ^^-^Pl^/^^j^i^'^^^toil On a plate of glass, 3-4

has been suggested by Dv. -brunum.
^. f ^oj-t the

inches long and 2 wide, is cemented a ^quare F^^^

cork projecting half-an-mch beyond the pl^te.^/

light wood, 3 inches ong, a quarter of an ^n^ '

eighth of an inch thick forms a
^^^^^^'^^^^^^^^^ by a fine

through the lever into the cork. The kve^
fXor other marking

bonnetstraw, and -^-es a brush ch^^^^^^^^^

pencil; it can be fi^ed on
^^^^^J^H^^l^^ to n?ove by the

Ltably weighting the ever, it can be^made J

slightest f^Pf 75^; Ihe pencil impinges upon a revolving

i;tct,'allp£c ;VresUation of^thl heart's action is ob-

^rS^!^^^ of domg tms is to connect an

upon the Heart of a Frog." By i. ^ ur

Analom. ami Physiol., vol. x., p. OO.i.
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artery with a mercurial manometer, which, in its most primitive

form, consists of a U tube containing mercury. The pressure

causes the fluid metal to be depressed in one limb, and to be ele-

vated in the other ; and if, on the surface of the metal in the

latter limb, a float, with a long stem carrying a pencil, is placed

on a short limb at right angles, the movements of the variations

of pressure admit of graphic representation on a cylinder moved
by clock-work.

The arteries selected for the determination of pressure are nearly
always the carotid or the crural. The steps to expose these
arteries, in operating with a rabbit, may be briefly detailed. The
animal is most convenientlysecuredon an ingenious support known
as Ozermac's Rabbit-Holder, (see fig. 3.); this consists of a stout

' board, B, 8 inches wide by 30 inches long. At one end there is an
i
upright, b, on which a horizontal rod, carrying a peculiar sort of
forceps, f, slides up and down, and between the blades of this
apparatus the head of a rabbit, or other animal similar in size,
can be held without injuring it. Along the edges of the board
are convenient attachments for the extremities. In the absence
of Ozermac's apparatus, a deal board, into which brass-headed
nails can be driven, will answer the purpose. The four legs, the
body, and the head can be thus secured by means of tapes,
the latter being attached to the nails. To expose the carotid
It IS essential that the head should be well bent back, so as to
lully bare the throat, and it will be found convenient for this
purpose to utilise the rodent teeth of the upper jaw by attachino-
a ligature to the upper jaw, using the teeth as a point of attach-
ment. Ihe fur on the neck having now been cut very short.

-I

Fig. 3.
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4-1,. oVn-n \^^^t over the edge of the trachea is raised so as to make
the

^k^^J^f an incision is made, vertical in direction

pair of scissors. The opening may be

enlarged by a pair of forceps. On

drawing the sternomastoid muscle

aside, the artery and the nerves ac-

companying it will come into view

fsee fi^' 4) The sheath of the artery

is opened carefully, the artery caught

up on a blunt hook, and the tube

cleared for three-quarters of an inch

in either direction. A ligature is now

passed round the artery, and tied Un

the heart side of this ligature a slip ot

wood or cardboard is passed under-

neath the artery, and another hgature

applied, but quite loosely. A Mtle

clip is now made to occlude the artery

on the cardiac side of the piece of

wood, and with a pair of scissors a

Y-shaped cut is made ; into this cut

a glass arterial canula* is mserted

and the loose ligature shpped over it

and tied securely.

The preparation of the crural artery

is as follows : a fold of skin in the

inner surface of the thigh almost

exactly in the centre of ^oui^f^s

ligament, is pinched up and divided

pulsation of the aH-^^^

Fig. 4.

Carotid artery of rabbit and

parts in relation with it. c,

carotid; s7i, stylohyoid muscle:

h hvpoglossal nerve ;
s.sym-

pkthetic; V, vagus nerve;

i, points to superior laryngeal

nerve, where it passes behind

the carotid, close to its origin

from the vagus ; p, pharyngeal

artery; sm, edge of sterno-

mastoid muscle; Ih, thyroid

Tm-II^- t tli
'

sterno-hyoid the pulsation oi tuc u,.^>.^j -

^tsle; Z,liyngeal arteJy-:- felt by -PP^y^^S ^^.uX muscl s

the nerve which crosses it is
^^^^^^^ between the adductor muscic^

the descendens noni.
^l^^se which cover tiie lemui.

Tie sheath of the -y^rt^^^^^^^
the crural vein, and the arteiy, Jiu

relative positions shown m the drawing {K- N
* The aiterial canula is a T-shaped tube offss o- am^of which,

^^^^^S^"^"^^^^ furnished withahttle

S^tchouc tube and closed by a chp-
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Whatever artery is opened, and connected with the canula,
the next step is to connect it with the manometer. The arterial
canula, as stated in the footnote, is a T-shaped glass tube. The
bevelled end is tied in the artery; another limb is connected
with a bottle containing a solution of bicarbonate of soda by
means of a long flexible tube guarded by a cHp. The third leg
or arm of the tube is to be connected with the manometer. The
first step is to fiU the tubes with bicarbonate of soda solution,
and thus expel all air; this is effected by opening the clip
communicating with the "pressure bottle" of alkaline solution
for a moment. When this has been done, and the tubes are filled
with liquid, the free arm is connected with the manometer by
means of a caoutchouc and a lead tube, the caoutchouc being used

r^, crural artery; Vc, craral vein; iVc, crural nerve,

for connections only because its elasticity interferes a Uttle with

SesseJ tbT'^- ''r^''
"""^y' ^"^^ ^l^P ^bi^h com-pressed the artery may be removed; the mercurial column at once

S'onds
'^'^^^^ ^^^"1^^ '^^'^ the first ?ew

bl ,
""^^ ^'^^ minutes, a poison may be introducedby subcutaneous injection, and the effect watched

cvS """^
l^^'^''^

^^'1 of the simple recordinffcylinder, or even by a graduated manometer, and^ the reS
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Sanderson* (see fig. 6). The mercurial manometer consists of two
limbs of equal length, one of which, the distal end, A, is near
the top much wider than the other, the relation between the
lumen of the one and that of the other being as 1 : 10. The
float which rests on the distal column is of box-wood; its

under surface is concave, so as to fit the convex surface of the
mercury; by the vertical rod it is connected with the light
lever, D, about two feet in length, which is counterpoised by a
weight suspended to it on the other side of the brass bearing, E.
At this thin end, the lever carries a pin, the distance of which
from D is such that, for every inch of variation of difference
between the two columns of the manometer, it rises or falls

three-tenths of an inch. It will be readily understood that the
movement of the pin, instead of being rectilinear, is circular;
consequently, it is vertical only when the lever is horizontal : for
which reason the fulcrum, E, which is so constructed as to slide
up and down on the brass uprights, must always be placed in
such a position that the lever is horizontal.
The height of the mercurial column corresponds to the average

arterial pressure. That part of the instrument which is intended
for recording the respiratory movements consists of a Marey's
tympanum, 0, and a lever, P, similar to D and of the same length,
with which it is connected. The tube, H, of the tympanum must
be either brought into communication with one arm of a glass,
T, tube, the stem of which is inserted into the trachea, or with
a stethometer applied to the chest. The lever of the tympanum
IS connected with the recording lever as shown in the figure.
In this way two tracings, the one of the respiration, the other
ot the arterial pressure, are obtained simultaneously.

3. iVej-wMs >S'ys<eTO.—Contraction or dilatation of the pupils
disordered movements, convulsions, paralysis, tetanic spasms!
and similar symptoms referable to the nervous system, are
evident enough, and seen without mechanical aids; but there
are questions to be solved that entail delicate manipulation and
require the assistance of instruments of precision;—e.^., in poisons
nfce urari, which paralyse the muscular system, the question toDe solved IS whether the muscular irritability is destroyed or

nn!lS?l, Tn*"^
^'^'^'^ suspended. To ascertain this, a frogunder the full influence of urari (that is, with all the voluntar?

takrn anHlf"'' ''''' beating), shouW betaken, and the sciatic nerve exposed in the thigh ; a pair ofelectrodes resting on a thin sheet of india-rubbe?, in oS^r toprevent he current passing into the neighbouring muscles, is

T^^^^Z^S^^:^^- ''''
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Simulated the, contract^ so
i^^^TtL'ltves,td doiCt

ticular poison suspends
'""f<>V„'a*l out whether a poison

with nrari it is f-^^^t^sdeToth ^1

ri"eToil»h%. Ihe presumption, then, .s

that uraii aets only on the ends
„( ligit

Troubles of the sensormm, noises " e""-''
^j^.^

before the eyes, and ii^^^^^'^^'^f^.-iX^'ZeA^^ on the
can be only imperfect y ^^^Z. is for the
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a^licate

tion of sWli to the t^SJ^X"^^^^
on muscle may often be convemently s udied

by making Avhat physiologists call a nerve

muscle preparation" (see fig-
');, /j^^^^!

done by carefully dissecting out the gastro

nemii of the frog with the --tic -rves^S^

dividing the latter close -up to the spmai

cord and placing the muscle thus detached

under a glass shade, or under any conditions

^" which it can be bathed xn an atmos-

pLre saturated mth aqueous vjP°^^-

nttachin<^ the end of the lemur, F, to a hxea

S™t \i d the tendo-achilles, I, to a lever

vTcfmay be weighted variously and pass^

Fig. 7.
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tracing on the recording cylinder, the poison is injected under-

neath the skin on the frog's back, and it is noted whether the

contractions are prolonged or shortened, "weakened or strengthened.

The broad fact that a poison prolongs or retards, weakens or

excites, muscular contraction can be ascertained by very simple

means on the principles above detailed ; but more elaborate

researches (and especially those of a comparative nature) require

apparatus of delicacy and costliness.

5. Temperature.—The temperature of mammals alone is of

importance, as giving a clue to the action of a poison. The little

clinical thermometers used by physicians answer every purpose.

The temperature is best taken in the rectum, and that as fre-

quently as possible. The results admit of graphical representation
on the usual principles.

6. Disorders of the Digestive Tract, &c.—Affections of the diges-

tive tract

—

e.g., loss of appetite, vomiting, and diarrhoea—will be
noticed as common effects of all irritant poisons.

§ 27. Cultivation of Bacilli, d'c.—In cases in which there is

!

reasonable ground for supposing that a person is poisoned by a
zymotic contagion, as, for example, in cases of illness after eating
the meat of animals dying from anthrax or kindred maladies,
it may be necessary to " cultivate " extracts of the meat eaten,
or the blood of the person who has suffered, and make experi-
ments on animals with the products of the cultivation. The
apparatus for " cultivation " may be of a very simple character,
the chief condition being some arrangement which will give a
uniform temperature. A water-bath, formed by placing a large
beaker in a small one, and filling each nearly full of water,,
makes a good incubator, and, if fitted with a Page's gas-
regulator is capable of doing useful work. Page's gas-regulator*
IS essentially a large thermometer, which may be so arranged
that, when the temperature rises to a certain point, the mercury
shuts off or diminishes the gas supply. I find that by its
means a water-bath or incubator can be kept for weeks together
without varying more than a degree. Cultivations may be
carried on m test-tubes or little microscope cells. The best
medium for the particular purpose in view is pure white of
egg, though, in certain cases, it may be convenient to use
milk, and m others blood, f

HolW, ^K^Pc'''*'''
"'""^ obtained from Messrs. Cetti, Brook Street,

+ For anthrax hacilhis, and indeed for many others, Dr Klein's "freHme pork," made on Koch's plan, is admh-able.^ Very co^^pliteTrectTons

R^V^SIlCkl^^^^^ Supplement, containing
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VI -GEKEBAL METHOD OF PBOOEDURE IN

SEARCHING FOR POISON.

§ 28. Mineral -stances, or liquids oo^^^^^^^

matters, can cause "<>. P<">f'^-t" the substances which
practised in fSj^X ^uL™. solids.

.

exercise the skill ot tne expeiu »
accurately the manner in
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^^^^
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^^^^^^
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J^^^^^^^^
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;
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|
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of angle tubing, to

mer-

hitherto been published mainly in the prominence given to

operations in a high vacuum, and the utilisation of biological

experiment as a matter of routine. Taking one of the most

difficult cases that can occur—viz., one in which a small quan-

tity only of an organic solid or fluid is available—the best

method of procedure is the following :

—

A small portion is reserved and examined microscopically,

and, if thought desirable, submitted to various " cultivation
"

experiments in the manner described (p. 61). The greater por-

tion is at once examined for volatile matters, and having been

placed in a strong flask, and,

if neutral or alkaline, feebly

acidulated with tartaric acid,

connected with a second or

receiving-flask by glass tubing

I and caoutchouc corks. The
caoutchouc cork of the receiv-

ing-flask has a double perfora-

tion, so as to be able, by a

second bit

be connected with the

cury pump described in vol. i.,

"Foods," p. 70, the figure of

which is here repeated (see

: fig. 8). A vacuum having been
obtained, and the receiving-

flask surrounded with ice, a
distillate for preliminary test-

ing may be generally got with-
out the action of any external
heat ; but if this is too slow,
the flask containing the sub-
stances or liquid under exami-
nation may be gently heated
by a water-bath—water, vola-
tile oils, a variety of volatile
substances, such as prussic acid,

hydrochloric acid, phosphorus,
&c., if present, will distil over. It will be well to free in this
way the substance, as much as possible, from volatile matters
and water. When no more will come over, the distillate may
be carefully examined by redistillation and the various appro-
priate tests.

The next step is to dry the sample thoroughly. This is beat
effected also m a vacuum by the use of the same apparatus, only
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i" evVorated and leaves the fatty matter,

possibly contaminated by traces of any alka-

lo?d wMcb the substance may have contamed ;

for, although most alkaloids are insoluble in

petroleum^ether, yet they --/^^en up in

Lall quantities by oils and fats, and aie

extracted with the fat by Pf ;

It is hence necessary always
_
to examine th.

petroleum extract by shaking it up with

^tter, slightly acidulated with B^^^^^^^^

which will extract from the at any tiace ^

alkaloid, and will permit the discovery of sue h

alkaloids by the ordinary " group ^e^gf^
The substance now being freed foi tbemost

part from water and fi'om fat, is digested m

Z ollcl with absolute alcohol for some ^o-r.

the alcohol is filtered oft, and allowed to

evaporate spontaneously, or,
,
if speed is an

— obiect, it may be distilled m vacuo. ihe

treatment is next Vith hot ^.01 of 90 P^^^^^^

filtering, the dry residue is

.^f^^^^^^^^^f̂ lacts which may
and alcohol, having ^^^^^

/^f^"^. f'

,

'Te^SX and biologi-

be dissolved in water and tested both diem^^^^^^^

cally, for faloids, f^^^^^^^^^^ ^er—compounds (as

InclXr^l solvents,
-^J^^f^^jtpl^^^^^The residue, after being

f^"^ .^^^J^^^^^oth water-free and
petroleum, ^^^Y

al- -1, and by etl^^^^^^^^^ bo^h^^^^^
^^^^^

fat-free, and also devoid of all oi^anic p _ ^^^^^

principles, and it only remains to treat it foi metais

purpose, it is placed in a retort and d^til^d o^^^

dryness with a known quantity ot stion„, pui j

acid.

Fig. 9.

This figure is

from p. 70, vol. i.,

"Foods." B is a

hell-jar, whicli can

be adapted by a

cork to a condenser

;

E, is made of iron ;

the rim of the bell-

jar is immersed in

mercury, which the

deep groove re-

ceives.
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If arsenic, in tlie form of arsenious acid, were present, it -would

distil over as a trichloride, and be detected in the distillate
;
by

raising the heat, the organic matter is carbonised, and most of it

destroyed. The distillate is saturated with hydric sulphide, and

any precipitate separated and examined. The residue in the

retort will contain the fixed metals, such as zinc, copper, lead,

&c. It is treated with dilute hydrochloric acid, filtered, the

filtrate saturated with SHg and any precipitate collected. The
filtrate is now treated with suflS.cient sodic acetate to replace the

hydric chloride, again saturated with SH2 and any precipitate

collected and tested for zinc, nickel, and cobalt. By this treat-

ment, viz. :

—

1. Distillation in a vacuum at a low temperature,

2. Collecting the volatile products,

3. Dehydrating the organic substances,

4. Dissolving out from the dry mass fatty matters and alkaloids,

glucosides, &c., by ethereal and alcoholic solvents,

5. Destroying organic matter and searching for metals.

—a very fair and complete analysis may be made from a small
amount of material. The process is, however, somewhat faulty
in reference to phosphorus, and also to oxalic acid and the
oxalates

; these poisons, if suspected, should be specially searched
for in the manner to be more particularly described in the sections
treating of them. In most cases, there is suificient material to
alloAv of division into three parts-—one for organic poisons
generally, one for inorganic, and a third for reserve in case of
accident. When such is the case, although, for organic principles,
the process of vacuum distillation just described still holds good,
it will be very much the most convenient way not to use that
portion for metals, but to operate on the portion reserved for the
inorganic poisons as follows by destruction of the organic matter.

The destruction of organic matter through simple distillation
by means of pure hydrochloric acid, is at least equal to that by
sulphuric acid, chlorate of potash, and the carbonisation methods.
The object of the chemist not being to dissolve every fragment
-of cellular tissue, muscle, and tendon, but simply all mineral
ingredients, the less organic matter which goes into solution the
better. That hydrochloric acid would fail to dissolve sulphate
ot baryta and sulphate of lead, and that sulphide of arsenic is
also almost insoluble in the acid, is no objection to the process
recommended, for it is always open to the analyst to treat the
residue specially for these substances. The sulphides precipitated
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by hydric sulphide from an acid solution are—arsenic, antimony,

tin, cadmium, lead, bismuth, mercury, copper, and silver. Those

not precipitated are—iron, manganese, zinc, nickel, and cobalt.

As a rule, one poison alone is present ; so that if there should

be a sulphide, it will belong only exceptionally to more than one

The colour of the precipitate from hydric sulphide is either

yellowish or black. The yellow and orange precipitates are

sulphur, sulphides of arsenic, antimony, tin, and cadmium. In

pure solutions they may be almost distinguished by their different

hues, but in solutions contaminated by a little organic matter

the colours may not be distinctive. The sulphide of arsenic is

of a pale yellow colour ; and if the very improbable circumstance

should happen that arsenic, antimony, and cadmium occur in tne

same solution, the sulphide of arsenic may be first separated by

ammonia, and the sulphide of antimony by sulphide of sodium,

leaving cadmic sulphide insoluble in both processes.

The black precipitates are—lead, bismuth, mercury, copper,

and silver. The black sulphide is freed from arsenic, if present

by ammonia, and digested with dilute nitric acid which will,

dissolve all the sulphides, save those of mercury and tin, so that

if a complete solution is obtained (sulphur flocks excepted), it is

evident that both these substances are absent. The presence ot

copper is betrayed by the blue colour of the nitnc acid solution^

and through its special reactions; lead, by the deep yeUow

precipitate which falls by the addition of chromate of potash and

acetate of soda to the solution ; bismuth, through a white preci^

pitate on dilution with water. If the nitric acid leaves a black

insoluble residue, this is probably sulphide of mercury, aiid

should be treated with concentrated hydrochloric acid to separate

flocks of sulphur, evaporated to dryness, again dissolved and

tested for mercury by iodide of potash, copper ^il, &c., a,s de-

scribed in the article on Mercury. Zmc, nickel, and cobalt a^

likewise tested for in the filtrate as described m the respective

articles on these metals.



PART Ill.-ACIDS AND ALKALIES.

SULPHUEIO ACID—HYDROOHLORIO ACID—NITRIC
ACID—AMMONIA— POTASH—SODA—NEUTRAL
SODIUM, POTASSIUM, AND AMMONIUM SALTS.

I.—SULPHURIC ACID.

§ 29. Sulphuric acid (hydric sulphate, oil of vitriol, HgSO^)
occurs in commerce in varying degrees of strength or dilution

;

the strong sulphuric acid of the manufacturer, containing 100 per
cent, of real acid (HgSOJ, has a specific gravity of 1-850. The
ordinary brown acid of commerce, coloured by organic matter
and holding in solution metallic impurities, chiefly lead and
arsenic, has a specific gravity of about 1-750; contains 67-95 of
anhydrous S03 = 85-42 of hydric sulphate.

There are also weaker acids used in commerce, particularly in
manufactories in which sulphuric acid is made, for special pur-
poses without rectification. The British Pharmacopoeia sulphuric
acid is directed to be of 1-845 specific gravity, which corresponds
to 78-6 per cent, sulphuric anhydride, or 98-8 per cent, of hydric
sulphate. The dilute sulphuric acid of the pharmacopoeia should
have a specific gravity of 1-094, and is usually said to correspond
to 10-14 per cent, of anhydrous sulphuric acid; but, if Ure's
Tables are correct, such equals 1 1 -37 per cent.
The general characters of sulphuric acid are as follows :—When

pure, it is a colourless, or, when impure, a dark brown to black,
oily liquid, without odour at common temperatures, of an
exceedingly acid taste, charring most organic tissues rapidly,
and, if mixed with water, evolving much heat. If 4 parts of the
strong acid are mixed with 1 part of water at 0°, the mixture
rises to a heat of 100° ; a still greater heat is evolved by mixing
75 parts of acid with 27 of water.

Sulphuric acid is powerfully hygroscopic—3 parts will, in an
ordinary atmosphere, increase to nearly 4 in twenty-four hours •m common with all acids, it reddens litmus, yellows cochineal,'
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and changes all vegetable colours. There is another form of

sulphuric acid, extensively used in the arts, known under the

name of "Nordhausen sulphuric acid," "fuming acid, formula

H,S,0^. This acid is produced by the distillation of dry ferrous

sulphate, at a nearly white heat-either in earthenware or in

green glass retorts ; the distillate is received in sulphuric acid.

As thiis manufactured, it is a dark fuming liquid of 1-9 specific

gravity, and boiling at 53°. When artificially cooled down to 0 ,

the acid gradually deposits crystals, which _ consist of a definite

compound of 2 atoms of anhydrous sulphuric acid and 1 atom of

water. There is some doubt as to the molecular composition of

Nordhausen acid; it is usually considered as hydric sulphate

saturated with sulphur dioxide. This acid is manufactured

chiefly in Bohemia, and is used, on a large scale, as a solvent

for a^lizanne.^^^^

Trioa^iie, or Sulphuric Anhydride (SO3), itself

may be met with in scientific laboratories, but is not m commerce.

Sulphur trioxide forms thin needle-shaped crystals, arranged in

feathery groups. Seen in mass, it is white and has sometlung

the appearance of asbestos. It fuses to a liquid at about 18

boils at 35°, but, after this operation has been performed, the

substance a^sum^s an allotropic condition and th-
-^^^^^^^

solid up to 100- ; above 100° it melts, volatilises, and retuins to

?ts normal condition. Sulphuric anhydride hisses -Ijen it is

thrown into water, chemical combination taking place
_

and

sulphuric acid being formed. Sulphur trioxide is excessively

B^S^t^^^^ms of acid, tjere is an officii^ prepaxatiou

called "Aromatic Sulphuric Acid," made by digesting sulphunc

acid, rectified spirit, ginger, and cinnamon
^^Sf

^l^^^;
. .J^Vj^^

10-91 per cent, of SO3, alcohol, and principles extiacted from

in the free state, may not -frequently

be found in'nature. I'recently examined an effluent wat^^^^^^^

a Devonshire mine, which contained more than gram
0^

free sulphuric acid per gallon, and

of destroying the fish in a river. It also exists in lar e

•;LntiS in volcanic springs. In a torrent flowing
^^^^^^

volcano of Parc6, in the Andes, Boussmgault calculated at

I5 SOO tons of sulphuric acid and 11,000 tons of hyd-chb^^^^

d were yearly carried down. In the animal and
^
egetable

kingdom, sulphuric acid exists, as a rule, in combination ^it^^

bases, but there is an exception in the saliva of the Dohun

something like 900,000 tons of sul-
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phuric acid are produced annually in England alone, and when

it is considered that sulphuric acid is used in the manufacture

of most other acids, in the alkali trade, in the manufacture of

indigo, in the soap trade, in the manufacture of artificial manure,

and in a number of technical processes, there is no cause for

surprise that it should be the annual cause of many deaths.

The number of deaths from sulphuric acid will vary, other

things being equal, in each country, according to the manufactures

in that country employing sulphuric acid. In England, there

are at least from thirty to forty poisonings yearly by sulphuric

acid. Ealck,* in comparing different countries, considers the

past statistics to show that in France sulphuric acid has been

the cause of 4-5 to 5-5 per cent, of the total deaths from poison,

and in England 5-9 per cent. In England, France, and Denmark,
taken together, 10-8, Prussia 10-6; while in certain cities, as

Berlin and Vienna, the percentages are much higher—Vienna
showing 43 'S per cent., Berlin 90 per cent.

§ 33. Accidental, Suicidal, and Criminal Poisoning.—Deaths
from sulphuric acid are, for the most part, accidental, occasionally

suicidal, and, still more rarely, criminal. In 53 out of 113 cases

collected by Bohm, in which the cause of the poisoning could,

with fair accuracy, be ascertained, 45-3 per cent. Avere due to

accident, 30*2 were suicidal, and 24*5 per cent, were cases of

criminal poisoning, the victims being children.

The cause of the comparatively rare use of sulphuric acid by
the poisoner is obvious. First of all, the acid can never be
mixed with food without entirely changing its aspect

;
next, it

is only in cases of insensibility or paralysis that it could be
administered to an adult, unless given by force, or under very
exceptional circumstances ; and lastly, the stains on the mouth
and garments would at once betray, even to uneducated persons,
the presence of something wrong. As an agent of murder, then,
sulphuric acid is confined in its use to young children, more
especially to the newly born.

There is a remarkable case related by Haagan,t in which an
adult man, in full possession of his faculties, neither paralysed
nor helpless, was murdered by sulphuric acid. The wife of a
day-labourer gave her husband drops of sulphuric acid on sugar,
instead of his medicine, and finally finished the work by adminis-
tering a spoonful of the acid. The spoon was carried well to the
back of the ^throat, so that the man took the acid at a gulp.
11 grms. (171 grains) of sulphuric acid, partly in combination
with soda and potash, were separated from his stomach.

* Lelirhuch der Praktinchen Toxicologie, p. 54.
t. Gross :

Die Slrafrechtspjlege in Deutschland, 4, 1861. Heft I. S. 181.
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Accidental poisoning is most common among children. The

oily, syrupy-looking sulphuric acid, when pure, may be mistaken

?or glycerine or for'syrup; and the dark commercial acid might,

by I careless person, be confounded with porter or any dark-

^''teri^u'^^nd fatal mistakes have not ^^-^^frequently arisen from

the use of injections. Deutsch * relates how a
^^^^^f;^' ^/^^^^^^^

administered to mother and child a sulphuric acid clyster
,
but

little of the fluid could in either case have actually reached the

rectum, for the mother recovered m eight days and in a little

timeThe infant was also restored to health. Sulphunc aci^^^^^^^^^

caused death by injections into_ the vagina. H. 0 Lombard j

observed a case of this kind, m which a woman, ^g^d thirty

iniected half a Htre of sulphuric acid into the vagina, for the

Zpose of procuring abortion. The result was not immediately

?atal, but the subsequent inflammation and its -suits so occluded

the natural passage that the birth became imposs ble, and a

Olesarean section extracted a dead child, the mother also dymg.

in army Pliysician prescribed for a patient an emollient

clytter. Since^t was late' at night, and the apothecary m bed, he

prepared it himself; but not finding oil, woke

Lothecary, who took a bottle out of one of the recesses ana

placed Tt oi the table. The bottle contained sulphuric acid
;
a

Sier noticed a peculiar odour and
f^^Jl^l^^^^^^

syringe was charged, but this was unheeded by J^e
doctor^ ite

pltieSt immediately after the operation suffered ^^e most acute

agony, and died the following day ; before his ^^ath ^'^e bed

clothes were found corroded by the acid, and a portion of the

bowel itself came away.J ,

8 34 Fatal Dose.—The amount necessary to kill an adult man

is not strictly known; fatality so much depends on the concen-

Lto of tbe acid and the condition of the person, more

especTally wither the stomach is full or e-ptj, that it w^^^^^^^^

1-Zossible ever to arrive at an accurate estimate. Christison s

portion of 05 grm. per ^^^o-
j^. 1 20 drops caused

of one year, recorded by iaylor, m wmuu
^

death If however, it were asked m a court of law what dose

cLeSrated lulphuric acid would be dangerous, the proper

* Preuas. Med. Vereins-Zeitung, 1848, No. 13.

+ Journ. de Chim. Mid., torn vn. IS-^l-
Midicalc t. i. No. S,

X Maschka's Handhuch, p. 86. Journal de Chtmxe MMtcaie, ^

405. 1835.
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answer would be : so small a quantity as from 2 to 3 drops

of the strong undiluted acid might cause death, more especially

if conveyed to the back of the throat ; for if it is improbable

that on such a supposition death would be sudden, yet there

is a possibility of permanent injury to the gullet, with the result

of subsequent contraction, and the usual long and painful

malnutrition thereby induced. It may be laid down, therefore,

that all quantities, even the smallest, of the strong undiluted acid

come under the head of hurtful, noxious, and injurious.

§ 35. Local Action of Sidphuric Acid.—The action of the acid

on living animal tissues has been studied of late by 0. Ph.

Falck and L. Vietor.* Concentrated acid precipitates albumen,

and then redissolves it ; fibrin swells and becomes gelatinous

;

but if the acid is weak {e.g., 4 to 6 per cent.) it is scarcely

changed. Muscular fibre is at first coloured amber-yellow,

swells to a jelly, and then dissolves to a red-brown turbid

fluid. When applied to the mucous membrane of the stomach,

the mucous tissue and the muscular layer beneath are coloured

white, swell, and become an oily mass.

When applied to a rabbit's ear,t the jjarenchyma becomes at

first pale-grey and semi-transparent at the back of the ear;

opposite the drop of acid appear spots like grease or fat drops,

which soon coalesce. The epidermis with the hair remains
adherent; the blood-vessels are narrowed in calibre, and the
blood, first in the veins, and then in the arteries, is coloured
green and then black, and fully coagulates. If the drop, with
horizontal holding of the ear is dried in, an inflammatory zone
surrounds the burnt spot in which the blood circulates; but
there is complete stasis in the part to which the acid has been
applied. If the point of the ear is dipped in the acid, the
cauterised part rolls inwards ; after the lapse of eighteen hours
the part is brown and parchment-like, with scattered points of
coagulated blood ; then there is a slight swelling in the healthy
tissues, and a small zone of redness ; within fourteen days a
bladder-like, greenish-yellow scab is formed, the burnt part
itself remaining dry. The vessels from the surrounding zone
of redness gradually penetrate towards the cauterised spot,
the fluid in the bleb becomes absorbed, and the destroyed tissues
fall off in the form of a crust.

The changes that sulphuric acid cause in blood are as follows

:

the fibrin is at first coagulated and then dissolved, and the

1803^^""*'^^'^ ^ ^'^^^^^'^ Inaugur-Dissert. Marburg

BdL 5f'^"mfc^'^J"2'^s'*4l"" im'^'
^^'''^'"'"''^ ^rc/iiw /. Path. Anat...
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colouring matter becomes of a black colour. These changes do

not require the strongest acid, being seen with an acid ot 60

lT\he action of the acid on various non-living matters is

asll ows- poured on all vegetable earth there .s an efferves

cence arising from decomposition of carbonates, any grass or

r^Skuo. |owin, on t.e .pot ^^^^^

Wood Xost immediately blackens, and the spot remams

™
on Baper become quickly dark, and sometimes exhibit

a !d of co'^^ours, such as\eddish-brown ;
ultimately the spot

be£es ve"; blak, and holes
^/Tr tie'^d toest

^i^fi/iS^s^sursr^^^^^^^^^^^
Wie I found small drops of sulphuric acid on a brussel^

S:2^t:^rxL=.Te-iW5H
^\ f f^..r l,rMiv« wprp of a dark maroon colour, tlie green was

Wkled Ind heT^M^^^^^^ browned; at the end of twenty-

four hots but little ''chalge had taken place, nor could any one
four ^oy^

^ f s ts without a close examination,
have guessed the cause ox

fabrics rapidly blackened,

and by heat, is that J^YnXTth^^^ 4 K is easy to

-aSn'e MsTuftiinmaTbe^f
Lpj;-nce in a legal

"
Spttfof add on clothing fall too often "l^-^y

of afl those engaged i" P'-«-' tT^t irmediaX--^^^^^^^
a spot of acid is wiped off, ""j''''*^

'J '^"thTSoth the spot,

shr^L^c?;^? oV£ It is of k biottw

Tulphtic acid dropped on iron, at^>=^ M-^oS re'^'os^*
„hich may be dissolved out by watel. "

j the acid,

rthT^iot=Ko^MeftC circumstances
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impossible to siiy whether the corrosion was clue to oxidation or

a solvent.

To sum up, briefly : the characters of sulphuric acid spots

on organic matters generally are black, brown, or red-coloured

destructions of tissue, moisture, acid-reaction (often after years )^

and lastly the chemical evidence of sulphuric acid or sulphates,

in excess.

Caution necessary in judging of spots, (L'c.—An important case,,

related by Maschka, shows the necessity of great caution in

interpreting results, unless all the circumstances of a case be
carefully collated. A live coal fell on the bed of a weakly
infant, five months old. The child screamed, and woke the
father, who was dozing by the fire ; the man, in terror, poured
a large pot of water on the child and burning bed. The child

died the following day.

A post-mortem examination showed a burn on the chest of the
infant two inches in length. The tongue, pharynx, and gullet
were all healthy ; in the stomach a patch of mucous membrane,
about half an inch in extent, was found to be brownish, friable,

and very thin. A chemical examination showed that the portion
of the bed adjacent to the burnt place contained free sulphuric
acid. Here, then, was the following evidence : the sudden
death of a helpless infant, a carbonised bed-cover with free sul-
phuric acid, and, lastly, an appearance in the stomach which,
it might be said, was not inconsistent with sulphuric acid poison-
ing. Yet a careful sifting of the facts convinced the judges that
no crime had been committed, and that the child's death was due
to disease. Afterwards, experiment showed that if a live coal
fall on to any tissue, and be drenched with water, free sulphuric
acid is constantly found in the neighbourhood of the burnt
place.

_ § 37. Symptoms.—The symptoms may be classed in two divisions,
viz.:— 1. External effects of the acid. 2. Internal effects and
symptoms arising from its interior administration.

1. External Effects.—Of late years several instances have
occurred in which the acid has been used criminally to cause dis-
figuring burns of the face. The offence has in all these cases been
committed by women, who, from motives of revengeful jealousy,
have suddenly dashed a quantity of the acid into the face of
the object of their resentment. In such cases, the phenomena
observed are not widely different from those attending scalds
or burns from hot neutral fluids. There is destruction of tissue
not necessarily deep, for the acid is almost immediately wined

tn i '^f/^, f.'^y
should reach the eye, inflammation, so acute as^to lead to blindness, is the probable consequence. The skin is
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coloured at first white, at a later period brown and part of it

may be, as it were, dissolved. If the tract of skin touched by

ThI acid is extensive, death may result. The -fl;---*>-y

processes in the skin are similar to those noticed by Falck and

Vietor in their experiments, already detailed (p. bi.)
_

2 Interna,l Effects.-When sulphuric acid is taken internally

the acute and immediate symptom is pam. Tins, however i^

not constant, since, in a few recorded cases, no complaint of pain

Sfs been m;de; but these are

there will be immediate and great suffering. The tongue swells,

the tlTroat is also swollen and inflamed, swallowing of saliva

even may be impossible. If the acid has been m contact with

the epiglottis and vocal apparatus, there may be spasmodic croup

^"-'t^IZS^TX^X'L attacks energetically

the mucou membrane and also the lining of the Btomach ^ut
j

the aTion does not stop there, for Lesser found in 18 out of 26 I

ier(69 per cent.), that the corrosive action extended as far as
\

the duodenum. There is excessive vomitmg and retchmg

the matters vomited are acid, bloody, and slimy
;

g^^f Pf
Tn,!oous membrane may be in this way expelled, and the whole

7trUnTnTmembranLf the gullet may be thrown up entire

Sr£^:^the^;S^e^t^^^^^
S5£=»:r^tSet^
lay be affected ^^^^ h~STe%ithefp^^^^^^^^^^&tV— - ^

"^'TherTie also more rapid cases than the above; a large dose

is really J J^^^^^^^^^^^^
Isea^se, a penetrating wound of

foration of the stomacn uum
f„tal lesion of the organs

the abdomen, and any

dies, it may be without much
^«^^P^^f̂ ^"^^^^^^^^^^ are

If the patient live longer *^an 21 houi s, t^^^^ p

r^rtoirrrrra^d^rtlTis inflammation the
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patient may die in a variable period, of from three to eleven days,

after taking the poison. In one case the death occurred suddenly,

without any immediately preceding symptoms rendering immi-

nent death probable. If this second stage is passed, then the

loss of substance in the gullet and in the stomach almost

invariably causes impairment of function, leading to a slow and
painful death. The common sequence is stricture of the gullet,

combined with feeble digestion, and in a few instances stricture

of the pylorus. A curious sequel has been recorded by Mannkopf,
viz., obstinate intercostal neuralgia; it has been observed on
the fourth, seventh, and twenty-second day.

§ 38. Treatment of Acute Poisoning iy the Mineral Acids.—The
immediate indication is the dilution and neutralisation of the
acid. For this purpose, finely divided chalk, magnesia, or sodic
carbonate may be used, dissolved or suspended in much Avater.

The use of the stomach-pump is inadvisable, for the mucous
membrane of the gullet may be so corroded by the acid that
the passage of the tube down will do injury ; unless the neutra-
lisation is immediate, but little good is effected ; hence it will
often occur that the bystanders, if at all conversant with the
matter, will have to use the first thing which comes to hand,
such as the plaster of a wall, &c. ; and lastly, if even these rough
antidotes are not to be had, the best treatment is enormous
doses of water, which will dilute the acid and promote vomiting.
The treatment of the after-efl^ects belongs to the province of
ordinary medicine, and is based upon general principles.

§ 39. Post-mortem A2opearances.— The general pathological
appearances to be found in the stomach and internal organs
difier according as the death is rapid or slow; if the death
takes place within twenty-four hours, the effects are fairly
uniform, the differences being only in degree; while, on the
other hand, in those cases which terminate fatally from the
more remote effects of the acid, there is some variety. It may
be well to select two actual cases as types, the one patient dying
from acute poisoning, the other surviving for a time, and then
dying from ulceration and contraction of the digestive tract.A hatter, early in the morning, swallowed a large mouthful
of strong sulphuric acid, a preparation which he used in hiswork—(whether the draught was taken accidentally or suicidally
was never known). He died within two hours. The whole
tongue was sphacelated, parts of the mucous membrane beino-
thssolved

;
the inner surface of the gullet, as well as the whole

throat, was of a grey-black colour ; the mucous membrane ofthe stomach was coal-black, and so softened that it gave way
iike blotting-paper under the forceps, the contents escaping

5
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into the cavity of the abdomen. The peritoneum was also black-

ened as if burnt; probably there had P^^^^f^^^^^^n^^^^
stomach during life ; the mucous membrane «f

was swollen, hardened, and looked as if

^^^^fJ^«^^
while the blood was of a cherry-red colour, and ^he con^;\

Pnce of a thin syrup. The rest of the organs were healthy

,

Tchemic^l iesearc'h o'n the fluid which had ^^^-jo^^^^^^"^

the stomach, gullet, and duodenum showed that it contamec

the caui'of th'e' unusually violent action
^^^^^^^^'^J: ,

arid actine on an empty stomach. It is important to note tnat

^ven w'thtHs extensive destruction of the stomach, Me was

^^The'casfI Ire'^sdected to serve as the type of a chronic but

fatll illness produced from poisoning by sulphuric acid is one

. x5xture of 1 part of sulphuric acid and
{-^^^'^l^JZ^ the

S arc &c. Copious draught, of ru* J^l S

1 033, non-albuminous ; on analysis it contained 3 388 grms.

the mucous membrane of the
gf .^^^.^^^^^^^ of the

the hospital, and^ecamejaduaV^^^^^^^^^^^^
^.^^^ ^^^..^

gullet and impairment ol the ^^^^^^^ ^ ' ^ggg
l^onths after taking the poison on the 5th of Jj^^^J'

The stomach was found s-aW, contrac^^^^^^^

ifeenSetres long

to the pancreas and liver ;
it was

f^^^y .g
- j^x ^j^oad,

(4-7 inch), and from 2-2-5 centimetres ( ' ^^^^''^^ there

Ltractei' to somewhat the ^or-. oi .J^ts^^^^^

were several transverse rugae;
(.19 inch) in

the small curvature, measurements giving 0 mm. ^

* Casper, vol. ii., case 194
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the middle, and beyond about 2-75 mm. (-11 inch) ; in the

upper two-thirds, the lumen was so contracted as scarcely to

admit the point of the little finger. The inner surface was
covered with a layer of pus, with no trace of mucous tissue,

and was everywhere pale-red, uneven, and crossed by cicatrical

bands. In two parts, at the greater curvature, the mucous
surface was strongly injected in a ring-like form, and in the

middle of the ring was a deep funnel-shaped ulcer ; a part

of the rest of the stomach was strongly injected and scattered

over with numerous punctiform, small, transparent bladders.

The gullet was contracted at the upper part (just below the
epiglottis) from 20-22 mm. (-78 to -86 inch) in diameter; it

then gradually widened to measure about 12 mm. (-47 inch)

at the diaphragm ; in the neighbourhood of the last contraction
the tissue was scarred, injected, .and ulcerated; there were
also small abscesses opening into this portion of the gullet.

§ 40. The museums of the different London hospitals afford
excellent material for the study of the effects of sulphuric acid
on the pharynx, gullet, and stomach ; and it may be a matter
of convenience to students if the more typical examples at
these different museums be noticed in detail, so that the pre-
parations themselves may be referred to.

In SL Bartholomew's Museum, No. 1942, is an example of excessive
destruction of the stomach by sulphuric acid. The stomach is much
contracted, and has a large aperture with ragged edges ; the mucous mem-
brane is thickened, charred, and blackened.

No. 1,941, in the same museum, is the stomach of a jjerson who died
from a large dose of sulphuric acid. When recent, it is described as of a
deep- red colour, mottled with black ; appearances which, from long soakino-
in spirit, are not true at the present time ; but the rough, shaggy state
of the mucous tissue can be traced ; the gullet and the pylorus appear the
least affected.

St. George s Hospital, ser. ix., 146, 11 and 43, e.—The pharynx and
oesophagus of a man who was brought into the hospital in a state of collapse
after a large but unknown dose of sulphuric acid. The lips were much
eroded, the mucous membrane of the stomach, pharynx, and a?sophagus
show an extraordmary shreddy condition ; the lining membrane of the
stomach is much charred, and the action has extended to the duodenum •

the muscular coat is not affected.
'

Gwjs Hospital, No. 1,799.—A preparation showing the mucous membrane
of the stomach entirely denuded. The organ looks like a piece of thin paper.

ho. 1,799'°. The stomach of a woman who poisoned herself by drinkintr
a wine-glassful of acid before breakfast. She lived eleven days. The main
symptoms were vomiting and purging, but there was no complaint of pain
JLhere is extensive destruction of mucous membrane along the lesser ciirva'
ture and towards the pyloric extremity ; a portion of the mucous membrane
18 floating as a slough.

drS"rr,I'!f ^""f ''o^ v"'"f'''! a^out threedrachms of the strong acid. He hved three days without mucli apparent
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suffering, and died unexpectedly. The lining membrane of the oesophagus

has the lont^itudinal wrinkles or furrows so often, nay, almost constantly,

met with in poisoning by the acids. The mucous tissue of the stomach is

raised in cloudy ridges, and blackened.

No 1 799'= is a wonderfully entire cast of the gullet from a woman who

swallowed an ounce of sulphuric acid, and is said, accordmg to the catalogue,

to liJXVG rGcovGrccl •

UniversUv CoUe'cie.—ln this museum will be found an exquisite preparation

of the effects of sulphuric acid. The mucous membrane of the esophagus

is divided iuto small quadrilateral areas by longitucbnal and transverse

furrows ; the stomach is very brown, and covered with shreddy and hla-

mentous tissue; the brown colour is without doubt the remains of extra-

vasated and charred blood. , ,

No 6 201 is a wax case representing the stomach of a woman who died

after 'taking a large dose of sulphuric acid. A yellow mass was found in

the stomach ; there are two perforations, and the mucous membrane is

entirely destroyed.

DETECTION AND ESTIMATION OF FREE SULPHURIC ACID.

§ 41. The general method of separating the mineral acids is as

follows: the tissues, or matters, are soaked in distilled water

for some time. If no free acid is present, the liquid will not

redden litmus paper, or give an acid reaction with any of the

numerous tinctorial agents in use by the chemist for the purposes

of titration. After sufficient digestion in water, the liquid ex-

tract is made up to some definite bulk and allowed to subside.

Filtration is unnecessary. A small fractional part (say, tor

example, should the whole be 250 cc, ^th or 2-5 cc.) ip taken,

and using as an indicator cochineal or phenol-phthaleme, the

total acidity is estimated by a decinormal solution of soda. ±>y

this preliminary operation, some guide for the conduct ot the

future more exact operations is obtained. Should the liquid be

very acid, a small quantity of the whole is to be now taken, but

if the acidity is feeble, a larger quantity is necessary, and sul-

ficient quinine then added to fix the acid-100 parts of sulphuric

acid are saturated by 342 parts of quinine monohydmte._ Ihere-

fore, on the supposition that all the free acid is sulphuric, it will

be found sufficient to add 3-5 parts of quinine for every 1 part ot

acid, estimated as sulphuric, found by the preliminary rough

titration ; and as it is inconvenient to dea with lai^e quaiitit_

of alkaloid, a fractional portion of the liquid extract (representmg

not more than 50 mgrms. of acid) should be taken, which >m11

reauire 175 mgrms. of quinine. ,

On addition of the quinine, the neutralised liquid is evaporated

to dryness, or to approaching dryness, and then exhausted hy
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strong alcohol. The alcoholic extract is, after filtration, dried
up, and the quinine sulphate, nitrate, or hydrochlorate, as the
case may be, filtered off and extracted by boiling water, and
precipitated by ammonia, the end result being quinine hydrate
(which may be filtered ofi" and used again for similar purposes),
and a sulphate, nitrate or chloride of ammonia in solution. It
therefore remains to determine the nature and quantity of the
acids now combined with ammonia. The solution is made up to
a known bulk, and portions tested for chlorides by nitrate of
silver, and for nitrates by the copper or the ferrous sulphate test.
If sulphuric acid is present, there will be a precipitate of barium
sulphate, which, on account of its density and insolubility in
nitric or hydrochloric acids, is very characteristic. For estimating
the sulphuric acid thus found, it will only be necessary to take
a known bulk of the same liquid, heat it to boiling after acidify-
ing by hydrochloric acid, and then add a sufficient quantity of
banc chloride solution. Unless this exact process is followed,
the analyst is likely to get a liquid which refuses to filter clear,
but if the sulphate be precipitated from a hot liquid, it usually
settles rapidly to the bottom of the vessel, and the supernatant
fluid can be decanted clear, and the precipitate washed by de-
cantation, and ultimately collected on a filter, dried, and
weighed.

The sulphate of baryta found, multiplied by -3434, equals the
sulphuric anhydride.
The older process was to dissolve the free sulphuric acid out

by alcohol. As is well known, mineral sulphates are insolublem and are precipitated by, alcohol, whereas sulphuric acid enters
into solution. The most valid objection, as a quantitative pro-
cess, to the use of alcohol, is the tendency which all mineral
acids have to unite with alcohol in organic combination, and
tnus, as It were to disappear; and, indeed, results are found, by
experiment, to be below the truth when alcohol is used. This
objection does not hold good if either merely qualitative evidence,
or a fairly approximate quantation, is required. In such a case,
the vomited matters, the contents of the stomach, or a watery

t?«jrf ! f^
evaporated to a syrup, and then ex-tracted with strong alcohol and filtered; a little phenol-phthalein

olution IS added, and the acid alcohol exactly neutralised by analcoholic solution of clear decinormal or normal soda. Accorcf-mg to the acidity of the liquid, the amount used of tlie dec

-

normal or normal soda is noted, and then the whole evaioraSdto dryness, and finally heated to gentle redness. Thralkalineulphate IS next dissolved in ver/dilute hydrochloric ac d andthe solution precipitated by chloride of barium in the usual way
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The quantitative results, although low, would, in the great

n^ajority of cases, answer the V^^^^^^ ^^^^^^^^^ acid, may
A test usually enumerated, Jdiigers test lui

nnnntitv
be mentioned. A liquid, which contains a

-^^^^^^^^^^'f,

8 42. The J7rme.-Although an excess of
«f ^J'Xse, of

stantly in the urine of persons who
^-'^-^^^f'^^l^^ ZTd m

sulphuric acid, the latter has never been found m tt^^t ii|ma m

so that it be usej^sl^^ ^T.^^
o^lrl in this manner than t%XeLe^Tpteph:L"

rmbtTons ar^ Uable to be estimated as sulphates.

:r2l'm'r£ti;An.llrbnt ver, mueb mo.e ha.

been excreted by healthy persons.
j

Le''----tetT:fxrrXrn: L trnSo-399 grms. of

on an animal diet, he
f food a little over 7

sulphuric acid per day while on
^^^^^^^ amount

arms.; but as Thudichum just y ^^^^.^^^.^%he amount of

^ust^be referred to indmdua Pecf
sulphates has a dec ded relation to

^^^f .^^^^'of th^ sulphur-

not containing sulphates, yet, from tlie oj^^ation oi
^

holding albumen, P^^f«^VrJerte wa^^^^^^^ J''^^'^
found that a person, whose

f^^^l^'^f^l^vC', sulphides, and
7-3 on a meat diet. The internal use ot suipnu

>
^

lulphates, given i-n -d^^^^^^^ amount
urine, increasing the sulphates, in

of sulphates is decreased, of sulphates

» On the addition of a solution of methyl aniline violet.
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that the individual secretes is primarily known. On the other

hand, a low amount of sulphates in the urine of a person poisoned

by sulphuric acid has not been observed, and one can imagine

<;ases in which such a low result might have forensic importance.

The presence of albumen in the urine has been considered by

some a constant result of sulphuric acid poisoning, but although

when looked for it is usually found, it cannot be considered

constant. O. Smoler,* in eighteen cases of various degrees of

sulphuric acid poisoning, found nothing abnormal in the urine.

Wyssf found in the later stages of a case indican and pus.

E. Leyden and Ph. Munnt always found blood in the urine,

as well as albumen, with casts and cellular elements. Mannkopf §

found albuminuria in three cases out of five; in two of the

cases there were fibrinous casts ; in two the albumen disappeared

•at the end of the second or third day, but in one it continued

for more than twenty days. Bamberger
||
has observed an in-

creased albuminuria, with separation of the colouring matter of

the blood. In this case it was ascribed to the action of the acid

on the blood.

§ 43. The Blood.—In Casper's case, No. 193, the vena cava
•of a child, who died within an hour after swallowing a large dose
•of sulphuric acid, was filled with a cherry-red, strongly acid-

reacting blood. Again, Casper's case, No. 200, is that of a young
woman, aged 19, who died from a poisonous dose of sulphuric
acid. At the autopsy, four days after death, the following
peculiarities of the blood were thus noted :

—" The blood had an
acid reaction, was dark, and had (as is usual in these cases) a
syrupy consistence, while the blood-corpuscles were quite un-
changed. The blood was treated with an excess of absolute
alcohol filtered, the filtrate concentrated on a water-bath, the
residue exhausted with absolute alcohol, &c. It yielded a small
quantity of sulphuric acid."

Other similar cases might be noted, but it must not for a
moment be supposed that the mass of the blood contains any
free sulphuric acid during Hfe. The acidity of the blood in the
vena cava may be ascribed to post-mortevi endosmosis, the acid
passing through the walls of the stomach into the large vessel.

§ 44. Sulphates.—If the acid swallowed should have been
entirely neutralised by antidotes, such as chalk, &c., it becomes
of the first importance to ascertain, as far as possible, by means

* Archiv der Heilkunde red. v. E. Wagner, 1869. Hft. 2, S. 181.
+ Wiener Medicinal-Halle, 1861. Jahr. 6. No. 46.

t Virchow's Archiv. f. Path. Anai., 1861. Bd. 22, Hft. 3 u. 4, S. 237.
§ Wien Med. Wochemckrift, 1862, Nro. 35. 1863, Nro. 5
111 Wien Med.-IIalle, 1864. Nro. 29, 30c
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of a microscopical examination, the nature of the food remaining-

in the stomach, and then to calculate the probable contents in

sulphates of the food thus known to be eaten. It will be found

that, with ordinary food, and under ordinary circumstances, only

small percentages of combined sulphuric acid can be present.

As an example, take the ordinary rations of the soldier, viz. :—

12 oz. of meat, 24 oz. of bread, 16 oz. of potatoes, 8 oz ot

other vegetables; with sugar, salt, tea, coffee, and water, l^ow,

if the whole quantity of these substances were eaten at a meal,

they would not contain more than from 8 to 10 grams (-S-'b grm.)

of anhydrous sulphuric acid, in the form of sulphates.

So far as the contents of the stomach are concerned, we have

only to do with sulphates introduced in the food, but when once

the food passes further along the intestinal canal, circumstances

are altered, for we have sulphur-holding secretions which, with

ordinary chemical methods, yield sulphuric acid. Thus, even in

the newly-born infant, according to the analyses of Zweifler,

the mineral constituents of meconium are especially sulphate ot

lime, with a smaller quantity of sulphate of potash. The amount

of bile which flows into the whole tract of the intestinal canal

is estimated at about half a litre in the 24 hours; the amount

of sulphur found in bile varies from -89 to 3 per cent so that

in 500 cc. we might, by oxidising the sulphur, obtain from -5 to

2-0 grms. of sulphuric anhydride.
. i i

It is therefore certain that large quantities of organic sulphur-

compounds may be found in the human intestinal canal, lor

with individuals who suffer from constipation, the residues ot

the biliary secretion accumulate for many days. Hence, ir tne

analyst searches for sulphates in excretal matters, all methods

involving destruction of organic substances, whether by nre

or by fluid-oxidising agents, are wrong in principle, and there

is nothing left save to separate soluble sulphates by dialysis,

or to precipitate direct out of an aqueous extract.
_

Again, sulphate of magnesia is a common medicine, and so is

sodic sulphate; a possible medicinal dose of magnesia sulphate

m^ht Lm'ount^to l^'l grms. (2 oz.), the more usual dose being

half that quantity. Lastly, among the insane there are fouml

patients who will eat plaster-of-Paris earth, and
^^^^.^^^^^j

so that, in special cases, a very large amount of combined

sulphur c acid may be found in the intestinal tract, without any

relation to poisoning by the free acid; but m --<^'^
^^^^'^^^

it must be rare, indeed, that surrounding ^/^cumstances or

pathological evidence will not give a clue to the real state of

affairs.
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II.—HYDROCHLORIO ACID.

§ 45. General Properties.—Hydrochloric acid, otherwise called

viuriatic acid, spirit of salt, is, in a strictly chemical sense, a pure
gas, composed of 97'26 per cent, of chlorine, and 2-74 per cent,

of hydrogen
;
but, in an ordinary sense, it is a liquid, being

solution of the gas itself.

Hydrochloric acid is made on an enormous scale in the
United Kingdom, the production being estimated at about a
million tons annually.

The toxicology of hydrochloric acid is modern, for we have
no evidence that anything was known of it prior to the middle
of the seventeenth century, when Glauber prepared it in solu-
tion, and, in 1772, Priestley, by treating common salt with
sulphuric acid, isolated the pure gas.

The common liquid hydrochloric acid of commerce has a,

specific gravity of from M5 to 1-20, and contains usually less
than 40 parts of hydrochloric acid in the 100 parts. The strength
ot pure samples of hydrochloric acid can be told by the specific
gravity, and a very close approximation, in default of tables,
may be obtained by simply multiplying the decimal figures of
the specific gravity by 200. For example, an acid of 1-20
gravity would by this rule contain 40 per cent, of real acid,
for -20 X 200 = 40.

The commercial acid is nearly always a little yellow, from the
presence of iron derived from metallic retorts, and usually
contains small quantities of chloride of arsenic,* derived from
the sulphuric acid ; but the colourless hydrochloric acid specially
made for laboratoiy and medicinal use is nearly always pure.
The uses of the liquid acid are mainly in the production of

chlorme, as a solvent for metals, and for medicinal and chemical
purposes. Its properties are briefly as follows :

—

It is a colourless or faintly-yellow acid liquid, the depth of
colour depending on its purity, and especially its freedom from
iron. The liquid is volatile, and can be separated from fixed
matters and the less volatile acids by distillation; it has a
strong attraction for water, and fumes when exposed to the
air, from becoming saturated with aqueous vapour. If exposed
to the vapour of ammonia, extremely dense clouds arise, due
to the formation of the solid ammonium chloride. The acid,

as^/neTcpnT^lf^f/'^t"'^^"^ ^^^"^ to contain as mucb
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boiled with a small quantity of manganese binoxide, evolves

chlorine. Dioxide of lead has a similar action ;
the chlorine may

be detected by its bleaching action on a piece of paper aipped

in indigo blue ; a little zinc-foil immersed in the acid disengages

hydrogen. These two tests-viz., the production of chlorine

by the one, and the production of hydrogen by the other-

separate and reveal the constituent parts of the acid. Hydro-

chloric acid, in comni,^ii with chlorides, gives a dense precipitate

with silver nitrate. The precipitate is insoluble in nitric acid,

but soluble in ammonia; it melts f'^^^^r'^'f^^^^;-

Exposed to the Ught, it becomes of a purple or blackish colour.

Every 100 parts of silver chloride are equal to 2543 of hydro-

<>hloric acid, HOL, and to 63-5 parts of the liquid acid of specific

^'^TheV^operties of the pure hydrochloric acid gas are follows :-

Soecific gravity 1-262, consisting of equal volumes of hydrogen

Sd chlorSI, united 'without condensation. 100 cubic inches

S^it therefore have a weight of 39-36 g--- Th^g-J^
liquefied by Faraday by means of a pressure of 40 atmospheres

^t\T; it Ls colourless, and had a less refractive index than

"water absorbs the gas with avidity 100 -lum- of wa^r

absorbing 48,000 volumes of the gas, and becoming 142 volumes.

The solution has all the properties of strong l^y^-chW ac^^^^^

specific gravity 1-21. The dilute l^ydr?chloric acid of the Phar

macopoeia should have a specific gravity of 1-052, and be equi

•valent to 10-58 per cent, of HOI. . .

Ill Fatal i)L.-The dose which destroys life is not ^own

with any accuracy. In two cases, adults have been killed by

U grms^ (half an ounce) of the commercial acid; ^'.^ t^s
i+her hand recovery is recorded, when more than double this

^uanti^y has bee^^ taLn. A girl, fifteen years of age, died from

•1 -c+c ;r. +TiP crmtric iuice. This was first ascertamed by

¥;„u??n 124 he,C-ted H by distillation. The obser.at«n

wUwardsUtrZi hy Omelin4 OMldren § and Braceo«„o^4l

On the other hand, LehmannlT pointed oat that, as the stomacn

* Brit Med. Joum., March, 1871- .„

II
^nn. (teC/tim., t.hx., p. 348.

\ Journal/. Prakt. Chemie, Bd. xl., 4/.
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secretion contained, without a doubt, lactic acid, the act of

distillation, in the presence of this lactic acid, would set free

hydrochloric acid from any alkaline chlorideS. Blondlot and

01. Bernard also showed that the gastric juice possessed no acid

which would dissolve oxalate of lime, or develop hydrogen

when treated with iron filingF : hence there could not be free

hydrochloric acid which, even in a diluted state, would respond

to both these tests. Then followed the researches of 0. Schmidt,*

who showed that the gastric secretion of men, of sheep, and of

dogs contained more hydrochloric acid than would satisfy the

bases present ; and he propounded the view, now generally held,

that the gastric juice does not contain absolutely free hydro-

chloric acid, but that it is in loose combination with the pepsin.

The amount of hydrochloric acid in the healthy stomach
varies according as to whether digestion is actively proceeding

or not, and entirely depends on the amount of gastric juice.

Schmidt calculated it as -2 per cent, of the fresh juice. In
diseased conditions, however, the amount may be greater, for

Hoppe-Seyler f states that in 2 "5 litres of gastric j uice from a
patient with notable dilatation of the stomach, he found no
lactic, but a large quantity of hydrochloric acid, so large, indeed,

that, with moderate heating on the water bath, the acid was
sufficiently concentrated to blacken the orginic matters with
which it was in contact.

§ 48. Influence of Hydrochloric Acid on Vegetation.—Hydro-
chloric acid fumes, if emitted from works on a large scale, injure
vegetation much. In former years, before any legal obligations
were placed upon manufacturers for the condensing of the
volatile products,, the nuisance from this cause was great. In
1823, the duty on salt being repealed by the government, an
extraordinary impetus was given to the manufacture of hydro-
chloric acid, and since all the volatile products at that time
•escaped through short chimneys into the air, a considerable
area, of land round the works was rendered quite unfit for
growing plants. The present law on the subject is, that the
maximum quantity of acid escaping shall not exceed 2 grains
per cubic foot of the air, smoke, or chimney gases ; and according
to the reports of Dr. Angus Smith, the condensation by the
improved appliances is well within the Act, and about as perfect
as can be devised.

It appears from the reports of the Belgian commission in
1855, when virtually no precautions were taken, that the gases

* Bidder u. Schmidt, Fc. cLauungs-^afte, tSec.

f Phrjuiolocjische Chemie," von Dr. Felix Hoppe-Seyler, Theil ii n 220
Kfirlm 1S7S ^ > > f
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are liable to injure vegetation to the extent of 2,000 metres

(6,560 yards) around any active works; the more watery vapour

the air contains, the quicker is the gas precipitated and earned

to the earth. If the action of the vapour is considerable, the

leaves of plants dry and wither; the chlorophyll becomes

modified, and no longer gives the normal spectrum, while a

thickening of the rind of trees has also been noticed. The

cereals suffer much
;
they increase in stalk, but produce little

(^rain. The leguminosiB become spotted, and have an air of

dryness and want of vigour; while the potato, among plants

utilised for food, appears to have the strongest resistance.

Vines are very sensitive to the gas. Among trees, the alder

seems most sensitive ; then come fruit-trees, and last, the hardy

forest-trees—the poplar, the ash, the lime, the elm, the maple,

the birch, and the oak.*
r> n i

§ 49. Action upon Cloth and Manufactured Articles.—(Jn blaclc

cloth the acid produces a green stain, which is not moist and

shows no corrosion. On most matters the stain is more or less

reddish; after a little time no free acid may be detected, by

simply moistening the spot ; but if the stain is cut out and

boiled with water, there may be some evidence of free acid.

The absence of moisture and corrosion distinguishes the stam

from that produced by sulphuric acid. ^ , . ^

§ 50. Poisonous Effects of Hydrochloric Acid G^as.—Eulenbergj

has studied the effects of the vapour of this acid on rabbits and

pio-eons One of these experiments may be cited m detail-

Hydrochloric acid gas, prepared by heating together common

salt and sulphuric acid, was passed into a glass shade supported

on a plate, and a rabbit was placed in the transparent chamber

thus formed. On the entrance of the vapour, there was immediate

blinking of the eyes, rubbing of the paws against the nostrils,

and emission of white fumes with the expired breath while the

respiration was irregular (40 to the minute). After the lapse ot

ten minutes, the gas was again introduced, until the atmosphere

was quite thick; the symptoms were similar to those detailed

above, but more violent; and in fourteen minutes from the

• Those who desire to stiuly more closely the effect of acids generally on

vegetation may consult the various papers of the alkah inspectors con^^^^^^

in the Local Government Keports. See also Schubarth,

Zlhc Sclave/eMlure und Soda-Fahrikm veMn. I erhandhin,en dc.

Vereins zur Beforderinu/ de.i Gewerhofleisses m Freussen, ISo/, &. l^o.

Dinsler's Journal, Bd. 145, S. 374-427. ^ .

Christel, Ueber die Ehnuirkuno von Sduren-Dumpfen auf die legetcUwn,

Arch. r'. Pharmacie, ISl I, v- 252.
-o i a a^a ^R79

VierteJjahraschrift fiir OerichtUche Medmii, 17 Bd S. 404, \bil.

+ " Gewerbe Hygiene.'" Berlm, 1876, S. 51.
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commencement, the rabbit sank down on its riglit side (respira-

tions 32). When twenty-two minutes had elajDsed, the gas was
again allowed to enter. The rabbit now lay quiet, with closed

eyes and laboured respiration, and, finally, after half-an-hour of

intermittent exposure to the gas, the animal was removed.
The cornea were opalescent, ""'d the eyes filled with water

;

there was frequent shaking of the head and working of the fore-

paws. After three minutes' exposure to the air, the respirations

were found to be 128 per minute; this quickened respiration
lasted for an hour, then gave place to a shorter and more superficial

breathing. On the second day after the experiment, the rabbit
suffered from laboured respiration (28 to the minute) and pain,
and there was a rattling in the bronchial tubes. The animal
died on the third day, death being preceded by slow respiration
(12 to the minute).

The appearances twenty-four hours after death were as
follows :—The eyes were coated with a thick slime, and both
cornea were opalescent ; there was strong rigidity of the body.
The pia mater covering the brain was everywhere hypersjsmic,
and at the hinder border of both hemispheres appeared a small
clot, surrounded by a thin layer of bloody fiuid. The jj/ex-. venos
spin, was filled with coagulated blood, and there was also a thin
extravasation of blood covering the medulla and pons. The
lungs were mottled bright brown-red ; the middle lobe of the
right lung was dark-brown, solid, and sank in water ; the lower
lobe of the same lung and the upper lobe of the left lung were
nearly in a similar condition, but the edges were of a bright-red.
The parenchyma in the darker places on section did not crepitate.
On the cut surface was a little dark, fluid, weakly-acid blood

;

the tracheal mucous membrane was injected. The heart was
filled with thick coagulated blood ; the liver was congested, of a
reddish-brown colour, and rich in dark, fluid blood : in the vena
cava inferior was coagulated blood. The kidneys were not
hyperaemic

; the intestines were superficially congested.
I think there can be little doubt that the symptoms during

life, and the appearances after death, in this case are perfectly
consistent with the following view:—The vapour acts first as a
direct irritant, and is capable of exciting inflammation in the
lung and bronchial tissues ; but besides this, there is a secondary
ettect, only occurring when the gas is in sufficient quantity, and
the action sufficiently prolonged—viz., a direct coagulation of
the blood in certain points of the living vessels of the lun^sThe consequence of this is a more or less general backwal-d
engorgement, the right side of the heart becomes distended with
blood, and the ultimate cause of death is partly mechanical The
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hvperffimia of the brain membranes, and even the hjemorrhages,

are quite consistent with this view, and occur m cases where

the obstruction to the circulation is of a coarser and more

obvious character, and can therefore be better appreciated.

8 51 Effects of the Liquid Acid.—There is one distinction

between poisoning by hydrochloric and the other mineral acids-

namely, the absence of corrosion of the skm. Ad. Lesser* has

established by direct experiment, that it is not possible to make

any permanent mark on the skin by the application even of the

strongest commercial acid (40 per cent.) Hence, m any case

of sulpected poisoning by acid, should there be stains on the

Hps and face as from an acid, the presumption will be rather

aSinThydrochloric. The symptoms themselves differ very

Se from those produced by sulphuric acid. The pathological

appearances also are not essentially different, but hydroch one
,

is a weaker acid, and the extensive disorganisation solution,

and perforation of the viscera, noticed occasionally with sulphuric

add,^have never been found in hydrochloric acid poisoning.

We may quote here the following case:—
• f „„f

1 woman, under the influence of great and sudden grief-not

unmixed with passion-drew a bottle from her pocket, and
.

emptfed iTlerj quickly. She immediately uttered a cry,

Set and voUed a>ow-g-en fluid. Tlie abdomen also

became enlarged. Milk was given her, but she could not

swaC it and death took place, in convulsions, two hours after

the drinking of the poison. r . Mmith
The postmortem appearances were ^^^^y ^^^^^.^^/T.^J^^^^^

and tongue free from textural change; much gas m abtocn^

rnnre esneciallv in the stomach ; the membranes of the brain
more especiauy i

stomach was

;reSd trfarrof a dark brown-red, and exhibit^g

many irregular blackish spots, varying from two lines to half-^;

'^The "ermiition in this instance was unusually rapid. In a

case det™ by Casper,t in which a boy drank an unknown

+ Premiss. Med. Vereinezeit. u. Frtedertchs Blatter J. i^enc

^tSem-S;«^ Median, 6th Ed., Berlin, 1876.
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quantity of acid, death took place in seven hours. In Guy's
Hospital museum, the duodenum and stomach are preserved of

a patient who is said to have died in nine and a half hours from
half an ounce of the acid. The same quantity, in a case related

by Taylor, caused death in eighteen hours. From these and
other instances, it may be presumed that death from acute

poisoning by hydrochloric acid will probably take place within
twenty-four hours.

§ 52. Post-mortem Appearances.—The pathological appearances,

are very similar to those found in the case already detailed

though the skin of the face may not be eroded in any way by
the acid, yet the more delicate mucous membrane of the mouth,
gullet, (fee, appears to have been always changed, and is usually
white or whitish-brown. Perforation of the stomach has not
been noticed.

In Guy's Hospital museum (prep. 1,7991"), the stomach and
duodenum of the case mentioned exhibit the mucous membrane
considerably injected, with extravasations of blood, which, at the
time when the preparation was first arranged, were of various
hues, but are now somewhat altered, through long keeping in
spirit. In St. George's Hospital museum (ser. ix., 43, d. 200)
are preserved the stomach and part of the duodenum of a.

person who died from hydrochloric acid. The case is detailed
in the Medical Times and Gazette for 1853, vol. ii., p. 513. The
whole inner surface appears to be in a sloughing state, and the
larynx and lung were also inflamed.
A preparation, presented by Mr. Bowman to King's College

Hospital museum, exhibits the . effects of a very large dose of
hydrochloric acid. The gullet has a shrivelled and worm-eaten
appearance

; the stomach is injected with black blood, and was
filled with an acid, grumous matter.*

Looking at these and other museum preparations illustrating;
the effects of sulphuric and hydrochloric acids, I was unable
(m default of the history of the cases) to distinguish between
the two, by the naked eye appearances, save in those cases in
which the disorganisation was so excessive as to render hydro-
chloric acid improbable. On the other hand, the changes produced
by nitric acid are so distinctive, that it is impossible to mistake
Its action for that of any other acid. The nitric acid pathological
preparations may be picked out at a glance.

§ 53. Detection and Estimation of Free Hydrochloric Acid.—The
detection of free hydrochloric acid presents no difliculty The
contents of the stomach (or a watery extract of the latter) are

p/rrit'f.'rrs[ceii:>^ ^^^^^^^^ - ^-y --^
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<;listilled, and tlie distillate precipitated with silver nitrate

solution. It is perfectly true that a hea thy stomach thus

treated will yield a distillate giving a faint cloud with silvei

nitrate; but if any percentage of free acul is m the stomach

.as in cases of poisoning, there is an abundant precipitate which

may be collected and weighed in the usual manner. It may

also be urged that if free sulphuric acid is present, or if there

?s free lactic acid, chlorides by distillation may be ^-roken up

^nd yield hydrochloric acid. This is certain y the case but anyone

,enJaed in practical work would naturally test for sulphuric acid
,

:nd it is always open, where there is doubt to -ct^^^^^^^^^

mineral acids by quinine, as recommended m the article on

^""t^t^^^^e. insoluble in nitric acid, wh^ the

acid contents of the stomach are distilled, are cyanide or cliloride

S Iver. The properties of cyanide of sih^^r are quite different

?rom those of chloride {see theM on the cyj^ndes), and the

history of the case would probably be widely different. On the

other hand, I have several times met with a distil ate from th^

Imach, when neutral, giving a fair ^ate -th nitrate of

silver, but immediately dissolving on the addition of

^J^^^
-nitric acid. For exact quantitative results, it will be necessary

to cUstm to dryness. This operation, in the presence of much

orWc matter, is best conducted in the perfect vacuum of the
organic mciLuei,

+i,p ^-pceiver should contain
mercury pump (see fig. 8, p. 5^), tne lecei^ei

j j

a known quantity of normal soda solution, and be suuoundert

tithTce.
^
The chlorine in the distillate may be estimat^^^^

volumetrically by the aid of a volumetric so ution of mtxate of

Sver, using as an indicator neutral cliromate of potash, (bee

voL i., "Analysis of Foods," p. 516).
vi fnhvic<?

In investigating the stains from hydrochlonc acid on fabiics

or the leaves of%lants, any free l^y/^-°«l^l°y^\^^j;ttr/ tSe
^PT^arated by boiling with water, and then investigatmg the

:;^reou1'ex'tLt. Should howevei, the ^tain
^JjJ^^.tw

Jid may have f^^VV^^^^^l^^^^^^

£ whiSi htdbeen exposed to the action of hydroch o^^^^

fumes, richer in chlorides than similar parts of the plants

%:To:t'accurate method of investigation is to cut ou^^^^

known to be free from ^^|^ondes ;
a s mb^

be made with the unstained portions, in tins way a
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difference may often be found ; and it is not impossible, in some
instances, to thus detect, after the lapse of many years, that
certain stains have been produced by a chlorine-holding substance.

III.—NITRIC AOID.

§ 64 Nitric acid—commonly known in England as aquafortis,
-chemically as nitric acid, hxjdric nitrate, or nitric mono-hydrate is a
mono-hydrate of nitrogen pentoxide, (N2O5). Two equivalents, or
126 parts of nitric acid containing 108 of NgOg, and 18 of HoO
anhydrous nitric acid, or nitrogen .pentoxide, can be obtained
by passing, with special precautions, dry chlorine over silver
nitrate. The products are free oxygen and nitrogen pentoxide,
according to the following equation :

Silver Nitrate. Chlorine. Silver Chloride. Nitrogen Pentoxide. Oxygen
AgzO.NaOfi -h 2C1. = 2AgCl. + N2OS+ 0

_
By surrounding the receiver with a freezing mixture, the acid

as condensed in crystals, which dissolve in water, with emission
of much heat, forming nitric acid. Sometimes the crystals, though
kept m sealed tubes, decompose, and the tube, from the pressure
oi the liberated gases, bursts with a dangerous explosion

§ 55. Properties.— nitric acid has a specific gravity of
1-52, and boils at 98°. Dr. Ure examined the boiling point and
other properties of nitric acid very fully. An acid of 1 -5 gravity
l)Oils at 98-8

;
of specific gravity 1-45, at 115-5°; specific gravity

1 40, at 118-8
;
of specific gravity 1-42, at 122-8°. The acid of

specific gravity 1-42 is the standard acid of the British Pharma-
copeia. It can always be obtained by distilling either strong or
moderately weak nitric acid; for, on the one hand, the acid.on
distillation gets weaker until the gravity of 1-42 is reached, or,on the other, it becomes stronger.

There is little doubt that acid of 1-42 gravity is a definite
hydrate, consisting of 1 atom of dry acid and 4 atoms ofwater; it corresponds to 75 per cent.* of the liquid acid HNO,There are also at least two other hydrates known-one an acidot 1 485 specific gravity, corresponding to 1 atom of dry acid

S^^X Pliapiacopoeia states that the 1-42 acid eauala 7n n^r .a^*of HNO3; but this IS not in accordance with Ure's TaE?nJ'S the

6
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and 2 of water, and an acid of specific gravity 1-334, corresponding

to 1 atom of dry acid and 7 foras of water

In Germany the officinal ^^^^^^^ ^V^^^^^dU^^^^^^^

1-101, and should contain
^^^^^^^^^^^P'lZ'eXely as dyers' and

used in various industries are known }^'''i'%^^^^^'\\JA ,qqo
^

engravers' acid. Dyers' acid has a
,7 ^^^q,.

^S^'r^^:7^J^o.J^^n as

''^?^rr7^1'^S^'^ri..--Nitric acid is employed very exten-

•M ifthe arts and manufactures. The dyer uses it as a

^Wnr tin iS the preparation of valuable mordaunts for

solvent for tm
^.^

.P,
^^^^^aver uses it for etching copper,

calico and other fabrics
,
the ^^S^^^

f^^^ture of gun-cotton,

It is an indispensable agent m
^^^^^ ^^^^^i^^^^ if also used

nitro-glycerine picric ac^, -d
^^^^^

in the manufacture of tallow
^J

P^^? . ^^^^ .^^^

drops of the strong acid ^ be latal, foi it ^^^^^^
• ^- -^^ i ,,

with the vocal apparatus, f^^*^^^ /P^^
f 7 .'7 (2

drachms),

excited. The smallest dose on record is / / ^^"^ V

which killed a child aged 13.
v.netation —mtvic acid acts

§ 58. Action of mr^c AciA ^ JXll-viz., by direct corro-

onVants injuriously m a Wold ^^^.^^^ ^^^^
sive action, and also by ^l^ef^P"" ?• ,vhich decomposes and

plants contain, thus setting free ^^^^^^^^^^^^^ intense on soft

bleaches the chlorophyll, ^he action 1^
hi

and delicate leav- such - tho f^c^^^^^^^^
. ^.^^.^ ,itric

the cruciferffi. ihe tooacco v
cuch as the apple,

acid. Next to all herbaceous plant^^^

pear, and fruit ^rees genera^ly^s^^^^^^^^ i^^
^^^^^ ^^^^^^ ^^^3,,

from their ^^P/«g^f^^V^a ^ow^
possess a considerable resistmg-power a a

^^^^^

Ld the same is true
^^^'^l^^^X^^l^^^^^

their siliceous armour acts as a preseiMu, a«
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§ 59. Nitric Acid Vapour.—The action of nitric acid in a state
of vapour, as evolved by warming potassic nitrate, and sulphuric
acid together, has been studied by Eulenberg. A rabbit was
placed under a shade into which 63 grains of nitric acid in a
state of vapour Avere introduced. From the conditions of the
experiment, some nitric peroxide must also have been present.
Irritation of the external mucous membranes and embarrassment
in breathing were observed. The animal in forty-five minutes
was removed, and sufiered afterwards from a croupous bronchitis,
from which, however, it completely recovered in eleven days. A
second experiment with the same animal was followed by death.
On inspection, there was found strong injection of the cerebral
membranes, with small extravasations of blood ; the lungs were
excessively congested ; the right middle lobe especially was of
a liver-brown colour, and empty of air : it sank in water.

O. Lassar* has also made a series of researches on the influence
of nitric acid vapour, from which he concludes that the acid is
not absorbed by the blood, but acts only by its mechanical
irritation, for he could not trace, by means of an examination of
the urine, any evidence of such absorption.

There are a few instances on record of the vapour having been
fatal to men; for example, the well-known case of Mr. Haywood,
a chemist of Sheffield, may be cited. In pouring a mixture
of nitric and sulphuric acids from a carboy of sixty pounds'
capacity, the vessel broke, and for a few minutes he inhaled the
mixed fumes. He died eleven hours after the accident, although
lor the first three hours there were scarcely any symptoms of
an injurious effect having been produced. On inspection, there
was found intense congestion of the windpipe and bronchial
tubes, with eff-usion of blood in the latter. The lining mem-
brane of the heart and aorta was inflamed

; unfortunately, the
larynx was not examined, fA very similar case happened in Edinburgh in 1864 % Two
young men were carrying a jar of nitric acid ; the jar broke, and
they attempted to wipe up the acid from the floor. The one
died ten hours after the accident, the other in less than twenty-
tour hours. The symptoms were mainly those of difficult breath-
ing, and It IS probable that death was produced from suff"ocation
\Jv. laylor relates also, that having accidentally inhaled thevapour m preparing gun-cotton, he suffered from severe constric-

IS^T^r"^'^^'"'' ^' Bd. i., S. 165-173,

t ^854, p. 430.
+ tkemical News, March 14, 1863, p. 132.
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tion Of the throat, tightness in the chest, and cough, for more

* ^Mel of Liquid Nitric ^ai.-Poisoning by nitric acid

thouc/h stm rare, is naturally more frequent than formerly. A

Se bec^inning of this century, Tartraf wrote a most excellent

raonoS^h on the subject, and collated all the cases he cou d

find from the first recorded instances related by Bembof m

VettTan history, down to his own time.
_

The ---^^^^ ^eath^^

in those 400 years was but 55, while, m our century, at least

Si arL nuVbered. Most of these (74 per cent.) are s^^^^^^^^^^

a very few homicidal, the rest accidental. In one oi -Lartra s

cases some nitric acid was placed in the wme of a drunken

woman with fatal effect. Osenbruggen§ relates^ the case of a

irer murdering his six children by means of nitnc acid
;
and 0

i Buchne^
II
that of a soldier who poured acid into the mouth of

Hs megitZte infant. A curious case is

^^^.^.^^fj^^^^
T^oi^oned his drunken wife by pouring the acid into her right

^ar sheM after six weeks' illness. All these instances prove

Sn if necessary, that the acid is only likely to be used with

Sderous intent^ in the case of young children, or of sleepmg,

/Irnnken or otherwise helpless people.
i v+

As an example of the way in which accidents are brought

nhtt by heedlessness, may be cited the recent case of a woman

who bou'ght a small quantity of aqua fortis for the purpose of

Illaying toothache by a local application. She attempted t^^

^our the acid direct from the bottle into the cavity of the tootJi

,

Se acid went down her throat, and the usual symptoms foUowed^

She threw up a very perfect cast of the guUet (preserved m

University Sollege m^useum), and rapidly died Nitric acid haa

Wn mlstlken for various liquids, and has also been used by

SStSfa^^^^^^ - ^'^^
^^^Pf'

^^""^^ ' toxicological

"^tll ''^:!l:tt:%t^To:^'L^. comes m contact

wi h o;ir lit er^^ there is almost constantly a development

Tf l^The tTssue is first bleached, and then becomes of a moi-e

or les; intense yellow colour. Nitric acid spots on the skin are

not ^^oved b^ ammonia, but become of an orange-red when

* "Principles and Practice of Medical Jurisprudence," vol i., lS/3.

^'t Tartra A E Dr., TraM de VEmpoisonmmeni par VAcide mtriqm.

^t^i^o'lSSk^eS Venetar-^ur. HUtori., Ub. xii.. lib. I. p. 1^

^tA%eIfeutscke StrafrecJUszeitun,, herausgeg. v. Frz. v. HoUzendorff.

' {1^dS's'5!.«;5-X. Med., 1866. Hft. 3. S. 187.
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moistened with potash and a solution of cyanide of potash. The
yellow colour seems to show that picric acid is one of the
constant products of the reaction

;
sulphide of ammonium forms

a sort of soap with the epidermis thus attacked, and detaches it.

§ 62. Symptoms.—The symptoms and course of nitric acid

poisoning differ in a few details only from those of sulphuric
acid. There is the same instant pain and frequent vomiting,
destruction of the mucous membranes, and, in the less severe
cases, after-contraction of the gullet, &c.

One of the differences in the action of nitric and sulphuric
acids is the constant development of gas with the former. This,
without doubt, adds to the suffering. Tartra made several
experiments on dead bodies, and showed that very considerable
distention of the intestinal canal, by gaseous products, was the
constant result ; the tissues were corroded and almost dissolved,
being transformed, ultimately, into a sort of greasy paste. The
vomited matters are of a yellow colour, unless mixed with blood,
when they are of a dirty-brown hue, with shreds of yellow
mucous, and have the strong acid reaction and smell of nitric acid.
The teeth may be partially attacked from the solvent action of
the acid on the enamel. The fauces and tongue, at first blanched,
soon acquire a citron-yellow, or even a brown colour ; the whole
cavity may swell and inflame, rendering the swallowing of liquids
difficult, painful, and sometimes impossible. The air passages
may also become affected, and in one case tracheotomy was
performed for the relief of the breathing.* The stomach rejects
all remedies

; there are symptoms of collapse
;
quick, weak pulse,

frequent shivering, obstinate constipation, and death (often pre-
ceded by a kind of stupor), in from eighteen to twenty-four hours.
The intellectual faculties remain clear, save in a few rare instances.

0. A. Wunderlich has recorded an unusual case, in which the
symptoms were those of dysentery, and the large intestine was
found acutely inflamed, while the small one was little affected.
The kidneys had the same appearance as in Bright's disease,f The
smallest fatal dose given by Taylor is from two drachms, which
killed a child aged 13 years. Should the dose of nitric acid be
insufficient to kill at once, or, what amounts to the same thino-
should the acid be immediately diluted with water, or in son?eway be neutralised, the patient, as in the case of sulphuric acidmay yet die at a variable future time from stenosis of the gullet'
impaired digestion &c. For example, in an interestin| case
related by Tartra, J a woman, who had swallowed 42 grms.

* Amott, Med. Oaz., vol. xii., p. 220
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f

(1-5 oz.) of nitric acid, feeling acute pain, took immediately a

quantity of water, and three hours afterwards wa.s admitted

into hospital, where she received appropriate treatment. At the

end of a month she left, believing herself cured ;
but m a iittle

while returned, and was re-admitted, suffering from marasmus,

extreme weakness, and constant vomiting ;
ultimately she died^

The vost-mortem examination revealed extreme contraction ot

the intestinal canal throughout. The lumen would hardly

admit a penholder. The stomach was no larger than an ordmaiy

intestine, and adherent to adjacent
_

organs ;
on ^^s interna

surface there were spots, probably cicatrices ;
there were a so

changes in the gullet, but not so marked. A somewhat similar

case is related by the same author in his thirteenth observation

S 63. Post-mortem Appearances.—Th^ pathological changes in

the tongue, gullet, and stomach can be readily studied from the

preparatio^s^n the different museums The
^^-^^^Xlrs -

nitric acid appears unchanged to the naked eye for
J^^^^

'

hence, most of the nitric acid preparations ^J^/^ .^^^^^
state of preservation. A very good example of the Pa^^o^og^^^^^^

changes is to be found in Nos. 1049 and lOoO, Uni^ersitj

"^Na^loiTpTsents the tongue, pharynx, and larynx of a man

who had swallowed a teacupful of nitric acid. The epithehum

of the cesonhao-us is for the most part wanting, and hangs in

hrecls rtheTorsum of the tongue in front of

papillae is excavated, and over its central part superhciaUy

Slcerat^d ; in other places the tongue is encrusted
J^^^^^^^^^^

loose, fawn-coloured layer, formed probably of desquamated

epithelium. The whole of the mucous surface is stained ot a

^^Na^toTo is a preparation showing the tongue guUe*' and

stomach of a person who died from the effects of nitric acid

Trtonc^ue in^aces is smooth and glazed; m others, shghtly

depressed and ^excavated. On the anterior wall and lower

nnrtmn of the gullet two large sloughs exist.

^ A Luc^h perforation of the stomach is not so common with

nitrict^ifh sulphuric acicl, such an accid^^t nj^^^^^^^^^^

shown in a preparation at Guy's Hospital, m which t^eje

a perforation ^at the cardiac end All the
^-^^^^^^'^^^^IZ

disappeared, and the inner surface is for «of P^^J/^\^^^'to

with flocculent shreds. Three ounces of nitnc "^^^^'^

have been swallowed, and the patient lived seventeen hours.

There is the usual staining.
. , cDPcimen

In St. Bartholomew's museum, there
^^f ?

/ood ^pex^

(No. 1,870) of the appearances in the gullet and stomach atter
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poisoning by nitric acid. The case is detailed in St. Bartholomew's

Hospital Reports, vol. v., p. 247. A male died in fifteen hours after

swallowing one ounce of nitric acid. The whole mucous mem-
brane is wrinkled, or rather ploughed, into longitudinal furrows

;

the yellow discoloration stops abruptly, with an irregular

border, at the commencement of the stomach, the epithelial and
mucous coats of which are wanting—its surface being rough and
of a brownish-red colour.

The following preparations are to be found in the museum of

the London Hospital:—A. c. 1. and A. b. 8.—A. c. 1. shows the

pharynx, oesophagus, larynx, and stomach of a young woman,
who, after taking half an ounce of nitric acid, died in eight hours.

The staining is very intense ; as an unusual feature it may be
noted that the larynx is almost as yellow as the oesophagus.

The abrasion or solution of the epithelium on the dorsum of the
tongue has dissected out the circumvallate and fungiform
papillae, so that they project with unusual distinctness. The
lining membrane of the gullet throughout is divided into minute
squares by longitudinal and transverse furrows. The mucous
membrane of the stomach appears wholly destroyed, and presents
a woolly appearance.

A. b. 8. shows a very perfect cast of the oesophagus. The
case was that of a woman, aged 35, who swallowed half
an ounce of nitric acid. The symptoms for the first four .days
were the usual pain in the throat and stomach, which might be
expected ; the bowels were freely open, and the stools dark and
ofiensive. On the sixth day, there was constant vomiting with
offensive breath ; on the ninth, the appearance of the patient
was critical, and she threw up the cast preserved. She died on
the tenth day after the taking of the acid. The gullet, stomach,
trachea, and larynx were found after death much inflamed.
The following preparations are in St. Thomas' Hospital :

—

P.^ 5.—a stomach with gullet attached. The stomach is covered
with yellowish-green patches of false membrane and deposit ; the
gullet has the usual longitudinal furrows so characteristic of
corrosive fluids.

P. 6. is also from a case of nitric acid poisoning. It shows the
lining membrane of the stomach partly destroyed and shreddy,
yet but little discoloured, the hue being a sort of delicate fawn.

§ 64. Detection and Estimation of Nitric Acid.—The detection
either of free nitric acid or of its salts is not difficult. Free
nitric acid, after preliminary estimation of the total acidity by
decinormal soda, may be separated by the quinine process ^iven
at page 69. On precipitation of the quinine by ammoma or
soda solution, the nitrate of ammonia or soda (and, it may be
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Other similarly combined acids) remain in solution. If free nitric

acid is present in small quantity only, it may be necessary

to evaporate the filtrate from the quinine nearly to dryness,

and to test the concentrated liquid for nitric acid. ihe

ordinary tests are as follows :

—

(1.) Nitrates, treated with mercury or copper and strong

sulphuric acid, develop nitric oxide, recognised by red fumes, it

mixed with air or oxygen.
r ^ -at, 4-1,

(2.) A nitrate dissolved in a small quantity of water, with the

addition of a crystal of ferrous sulphate (allowed to partially

dissolve), and then of strong sulphuric acid—poured through

a funnel with a long tube dipping to the bottom of the test-tube,

so as to form a layer at the bottom-strikes a brown colour at
|

the iunction of the liquid. When the test is properly performed,, \

there will be three layers—the uppermost being the nitrate

solution, the middle ferrous sulphate, and the lowest sulphuric

acid: the middle layer becomes of a smoky or black hue, il a.

nitrate is present. Organic matter interferes much with the

(3 ) Nitrates in solution, treated in the cold with a zinc copper

couple, are decomposed first into nitrites, and then into ammonia.

The nitrites may be detected by a solution of metaphenyl-

diamine, which strikes a red colour with an infinitesimal

quantity. Hence, a solution which gives no red colour with

meta-phenyldiamine, when submitted to the action of a zmc

copper couple, and tested from time to time, cannot contain

nitrites ;
therefore, no nitrates were originally present.

(4 ) Nitrates, on being treated with strong sulphuric acid, and

then a solution of indigo carmine dropped in, as described in vol. i

"Foods," p. 521, is also a very useful test-not conclusive m itseit,

but readily applied, and if the quinine method of separation has

been resorted to, with few sources of error.

There is a process of separating nitric acid direct from any

oreanic tissue, which may sometimes be useful r—Flace tlie

substance in a strong, wide-mouthed flask, closed by a caoutchouc

"rrand in the flasl^ put a ^-^-\^^ort'^t'f^^^

a strong solution of ferrous chloride m hydrochloric aad. The

flask is connected to the mercury pump (fag. 8, p. ^3), and made

perfectly vacuous by raising and lowering the reservoir ^ heu

this is Effected, the tube SST is adjusted so as to deliver anj

gas evolved into a eudiometer, or other
g^^-.^^^f

™g^P^fJ
ly a suitable movement of the flask, the acid fe"-ous cMonde is

allowed to come in contact with the tissue a gentle heat apphed

to the flask, and gases are evolved. These may be carbon

dioxide, nitrogen, and nitric oxide. On the evolution of gas
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ceasing, the carbon dioxide is absorbed by passing up under the
mercury a little caustic potash. When absorption is complete,

the gas, consisting of nitrogen and nitric oxide, may be measured.
A bubble or two of oxygen is now passed into the eudiometer

;

if nitric oxide is present, red fumes at once develop. On absorb-
ing the excess of oxygen and the nitric peroxide by alkaline

pyrogallate, and measuring the residual gas, it is easy to
calculate how much nitric oxide was originally present, according
to the principles laid down in vol. i. of the present work, p. 633.

It is also obvious that, by treating nitric oxide with oxygen,
and absorbing the nitric peroxide present by an alkaline liquid of
known strength and free from nitrates or ammonia, the resulting
solution may be dealt with by a zinc copper couple, and the
ammonia developed by the action of the couple, directly estimated
by titration by a decinormal hydrochloric acid, if large in
quantity, or by " nesslerising," if small in quantity. Orum's
method of estimating nitrates (vol. i., p. 520) in the cases of
minute stains on fabrics, &c.j with a little modification, may-
be occasionally applicable.

IV.—AMMONIA.

§ 66. Ammonia, (N.Hg), is met with either as a vapour or gas,,
or as a solution of the pure gas in water ; the gas may also be
found as a liquid.

Properties.—Fmtq ammonia gas is colourless, with a strong,,
irritating, pungent odour, forming white fumes of ammonic
chloride, if exposed to hydric chloride vapour, and turning red
moist litmus paper strongly blue. By intense cold, or by a
pressure of ^ atmospheres at the ordinary temperature, the
gas IS readily liquefied; the liquid ammonia boils at 38°; its
observed specific gravity is -731 ; it freezes at - 57-1°. Ammonia
18 readily absorbed by water ; at 0° water will take up 1,000
times Its own volume, and at ordinary temperatures about
bUO times its volume. Alcohol also absorbs about 10 per cent.
Ammonia is a strong base, and forms a number of saltsAmmonia is one of the constant products of the putrefaction
ot nitrogenous substances ; it exists in the atmosphere in small
proportions, and in everything that contains water. Indeedw^er IS the only compound equal to it in its universality of
difiusion. The minute quantities of ammonia thus diffused
throughout nature are probably never in the free state, but
combinations of ammonia with hydric nitrate, carbon dioxide, &c.
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§ 66. Uses*—A solution of ammonia in water has many

applications in the arts and industries ; it is used in medicine,

and is an indispensable laboratory reagent.

The officinal caustic preparations of ammonia are—ammomce

liquor forlior {strong solution of ammonia), which should contain

32-5 per cent, of ammonia, and have a specific gravity ot ;oyi-

Liquor ammonioi {solution of ammonia), specific gravity -ypy,

and containing 10 per cent, of ammonia. There is also a lim-

ment of ammonia, composed of olive-oil 3 parts, and ammonia

^
strong solution of ammonia is an important ingredient in

the ^'linimentum camphorm composita" {compound Liniment of

mmplior), the composition of which is as follows :—camphor,

2-5 parts : oil of lavender, -125
;
strong solution of ammonia, 5-0

;

and rectified spirit, 15 parts. Its content of strong solution of

.ammonia is then about 22-6 per cent, (equivalent to r3 ot ^ Mg). i

The Carbonate of Ammonia is also caustic; its_formula is pro-

bably (NH,) .OO3 + 2(NH„ HCO3) + 2H,0_. It is m the form oi

colourless, crystalline masses; the odour is powerfully ammon-

iacal ; it is strongly alkaline, and the taste is acrid. It com-

pleteiy volatilises with heat, is soluble in water, and somewhat

soluble in spirit.
. .

The officinal preparation is the "sprito ammonia'^ aromaticus,

or aromatic spirit of ammonia. It is made by distilling ammonic

<,arbonate, 8 parts; strong solution of ammonia 4 parts; rectified

spirit, 120 parts; water, 60 parts; volatile oil of nutmeg, 5 parts

and oil of lemon, -75 part. The distillation is stopped when 140

parts have distilled over; it hence follows that the aromatic

spirit of ammonia is a solution of neutral carbonate, flavoured

with oil of lemon and nutmeg in a weak spirit.
^ , . n

Smelling salts {sal volatile) are composed of carbonate ot

^TeT'Stoiisiic^.—Falck has found throughout literature, notices

of thirty cases of poisoning by ammonia, or some of its prepara-

tions. In two of these it was used as a poison for the purpose

of murder, and in eight with suicidal intent; tlxe remW^^^^

were all Accidental. The two crimina cases

children, who both died. Six out of eight of the ^^daW
twelve of the twenty accidental cases, also terminated fatally.

* Dr W B Eichardson has shown that ammonia possesses powerful

kntwn af" white-oil." It contain, 1 part »f - ^Srl^i IW-

the yelks of eggs.
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Ammonia occupies, in order of frequency, about the thirteenth

place of all poisons in England at the present time.

§ 68, Poisoning hy Ammonia Vapour.—Strong ammoniacal

vapour is fatal to both animal and vegetable life. There are,

however, but few instances of poisoning by ammonia vapour,

and the few cases which have occurred have been, without excep-

tion, the result of accident. Two cases of death are recorded,

due to an attempt to rouse epileptics from stupor, by an injudi-

cious use of strong ammonia applied to the nostrils. In another

case, when hydrocyanic acid had been taken, there was the

same result. An instance is also on record of poisonous effects

from the breaking of a bottle of ammonia, and the sudden
evolution in this way of an enormous volume of the caustic gas.

Lastly, a man employed in the manufacture of ice, by means of

the liquefaction of ammonia (Carre's process), breathed the

vapour, and had a narrow escape for his life.

§ 69. Symptoms.—The symptoms observed in the last case

may well serve as a type of what may be expected to occur after

breathing ammonia vapour. The man remained from five to

ten minutes in the stream of gas; he then experienced a feeling

of anxiety, and a sense of constriction in the epigastrium,
burning in the throat, and giddiness. He vomited. The pulse
was small and frequent, the face pale, the mouth and throat
strongly reddened, with increased secretion. Auscultation and
percussion of the chest elicited nothing abnormal, although
during the course of four days he had from time to time
symptoms of suffocation, which were relieved by emetics.
He recovered by the eighth day.*

In experiments on animals, very similar symptoms are pro-
duced. There is increased secretion of the eyes, nose, and mouth,
with redness. The cry of cats becomes remarkably hoarse, and
they generally vomit. Great difficulty in breathing and tetanic
convulsions are present. When the animal is confined in a small
closed chamber, death takes place in about a quarter of an hour.
On section, the bronchial tubes, to the finest ramifications, are

found to be filled with a tenacious mucous, and the air passages,
from the glottis throughout, reddened. The lungs are emphy-
sematous, but have not always any special colour; the heart
contains but little coagulated blood ; the blood has a dark-red
colour.

§ 70. The chronic effects of the gas, as shown in workmen
engaged in manufactures in which the fumes of ammonia are
frequent, appear to be an inflammation of the eyes and an

* Schmidt's Jahrhuch, 1872, i., S. 30.
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affection of the skin. The latter is thought to be due to the

ammonia uniting to form a soap with the oil of the lubricating

skin glands. Some observers have also noticed deafness, and a

peculiar colour of the skin of the nose and forehead, among

those who work in guano manufactories. Its usual action on

the body appears to be a diminution of the healthy oxidation

changes, and a general lowering of bodily strength, with evident

anaemia. o i a- c
8 71 Ammonia in Solution.—Action on Plants.—holntions ot

strong ammonia, or solutions of the carbonate, act injuriously on

vegetable life, whHe the neutral salts of ammonia are, on the

contrary, excellent manures. A 30 per cent, solution of ammonic

carbonate kills most plants within an hour, and it is indifterent

whether the whole plant is watered with this solution, or whether

it is applied only to the leaves. If, after this watering of the plant

with ammonic carbonate water, the injurious salt is washed out

as far as possible by distilled water, or by a weakly acidulated

fluid, then the plant may recover, after having shed more or

less of fts leaves. These facts sufficiently explain the injurious

effects noticed when urine is applied direct to plants for urine

in a very short time becomes essentially a solution of ammonic

8 72 Action on Human Beings and Animal Life.—The violence

of the action of caustic solutions of ammonia almost entirely

depends on the state of concentration.
.

The local action of the strong solution appears to be mainly

the extraction of water and the saponifying of fat, making a.

soluble soap. On delicate tissues it has, therefore, a destructive

action; but S. Samuel* has shown that ammonia, when applied

to the unbroken epidermis, does not have the same intense action

as potash or soda, nor does it coagulate albumen. Blood, whether

exposed to ammonia gas, or mixed with solution of ammonia

becomes immediately dark-red ; then, later through destruct on

of the blood corpuscles, very dark, even black
;
lastly, a duty

brown-red. The oxygen is expelled, the hfemoglobm destroyed,

and the blood corpuscles dissolved.
.

The albumen of the blood is changed to alkali-albummate, and

the blood itself will not coagulate. A
^i^.'^?!

dition of the blood has always been noticed m the bodies of those

^°Zod^%oTed rtmmonia, when viewed by the spectroscope,

shows the spectra of alkaline haematin, a weak absorption-band,

in the neighbourhood of D ; but if the blood has been acted on

Virchow's Archiv /. Path. Anat., Bd. 51, Hft. 1 u. 2, S. 41, &c., 1870.
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for some time by ammonia, then all absorption-bands vanish.

These spectra, however, are not peculiar to ammonia, the action

of caustic potash or soda being similar. The muscles are excited

by ammonia, the function of the nerves are destroyed.

When a solution of strong ammonia is swallowed, there are

two main eflfects— (
1
) the action of the ammonia itself on the tissues

it comes into contact with, and (2) the effects of the vapour on
the air-passages. There are, therefore, immediate irritation,

redness, and swelling of the tongue and pharynx, a burning
pain reaching from the mouth to the stomach, with vomiting, and
it may be, nervous symptoms. The saKva is notably increased.

In a case reported by Fonssagrives,* no less than three litres

were expelled in the twenty-four hours. Often the glands under
the jaw and the lymphatics of the neck are swollen.

Doses offrom 5 to 30 grammes of the strong solution ofammonia
may kill as quickly as prussic acid. In a case recorded by
Ohristison,t death occurred in four minutes from a large dose,

doubtless partly by suffocation. As sudden a result is also

recorded by Plenk : a man, bitten by a rabid dog, took a mouthful
of spirits of ammonia, and died in four minutes.

If death does not occur rapidly, there may be other symptoms—dependent not upon its merely local action, but upon its more
remote effects. These mainly consist in an excitation of the
brain and spinal cord, and, later, convulsive movements deepen-
ing into loss of consciousness. It has been noticed that, with
great relaxation of the muscular system, the patients complain
of every movement causing pain. With these general symptoms
added to the local injury, death may follow many days after the
swallowing of the fatal dose.

Death may also occur simply from the local injury done to the
throat and larynx, and the patient may linger some time. Thus,
in a case quoted by Taylor, J in which none of the poison appears
actually to have been swallowed, the man died nineteen days
after taking the poison from inflammation of the throat and
larynx. As with the strong acids, so with ammonia and the
alkalies generally, death may also be caused many weeks and
oven months afterwards from the effects of contraction of the
gullet, or from the impaired nutrition consequent upon the
destruction, more or less, of portions of the stomach or intestinal
oanal.

§ 73. Post-mortem Appearances.—In recent cases there is an

* U Union Mddicale, 1857, No. 13, p. 49, No. 22. p 90
+ Christison, 167. . i- f".

t "Principles of Juriaprudence," i., p. 235.
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intense redness of the intestinal canal, from the mouth to the

stomach, and even beyond, with here and there destruction of

the mucous membrane, and even perforation. A wax preparation

in the museum of University College (No. 2,378) shows the

effects on the stomach produced by swallowing strong ammonia;

it is ashen-grey in colour, and most of the mucous membrane is,

as it were, dissolved away ; the cardiac end is much congested.

The contents of the stomach are usually coloured with blood;

the bronchial tubes and glottis are almost constantly found

inflamed,—even a croup-like (or diphtheritic) condition has been

seen. (Edema of the glottis should also be looked for
:
in one

case this alone seems to have accounted for death, ihe blood

is of a clear-red colour, and fluid. A smell of ammonia may be

^^iT a* sufficient time has elapsed for secondary effects to take

place, then there may be other appearances. Thus, m the case oi

a sirl who, falling into a fainting fit, was treated with a draught

of undiluted spirits of ammonia, and lived four weeks afterwards

;

the stomach (preserved in St. George's Hospital museum 43 b,

ser ix ) is seen to be much dilated and covered with cicatrices,

and the pylorus is so contracted as hardly to admit a small bougie.

It has also been noticed that there is generally a fatty degenera-

tion of both the kidneys and liver.

It need scarcely be observed that, m such cases, no tre^

ammonia will be found, and the question of the cause of death

must necessarily be wholly medical and pathological.

S 74 Separation of Ammonia.—A.mmonm is separated m all

casls by distillation, and if the organic or fl^er liquid is already

alkaline, it is at once placed in a retort and distilled. If neutial

or adS 'a little burnt magnesia may be added until the -action

is alkaline It is generally laid down that the contents ot the

stomach in a putrid condition cannot be examined for ammonia,

because ammonia is already present as a product of d««°^P^^f;«^^^

but even under these circumstances it is possible to give an

opinion whether ammonia in excess is present. For it, attei

cSefully mixing the whole contents of the stomach, and then

drying a portion and reckoning from that weight the tote

itrolen (considering, for this purpose the contents to cons^^t

wholly of albumen, which yields about 16 per cent
of

ni rogen)-

under these conditions, the contents of the stomach P^ld ^oie

than 16 per cent, of nitrogen as ammonia reckoned on the dry

substance,Tt is tolerably certain that ammonia not derived from

the food or the tissues is present. .

If, also, there is a sufficient evolution of ammonia to cause

white fumes, when a rod moistened with hydrochloric acid is
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brought near to the liquid, this is an effect never noticed with a
normal decomposition, and renders the presence of extrinsic

ammonia probable.

An alkaline-reacting distillate, which gives a brown colour

with the "nessler" reagent, and which, when carefully neutralised

with sulphuric acid, on evaporation to dryness by the careful heat

of a water-bath, leaves a crystalline mass that gives a copious

precipitate with platinic chloride, but is hardly at all soluble in.

absolute alcohol, can be no other substance than ammonia.

§ 75. Estimation.—Ammonia is most quickly estimated by
distilling, receiving the distillate in decinormal acid, and then,

titrating back. It may also be estimated as the double chloride

of ammonium and platinum (NII^01)9P'01^. The distillate is

exactly neutralised by HCl, evaporated to near dryness, and an
alcohoKc solution of platinic chloride added in sufficient quantity
to be always in slight excess, as shown by the yellow colour of
the supernatant fluid. The precipitate is collected, washed with,

a little alcohol, dried, and weighed on a tared filter; 100 parts of
the salt are equal to 8-6 of NHg.

v.—CAUSTIC POTASH AND SODA.

§ 76. There is so little difference in the effects produced by
potash and soda respectively, that it will be convenient to treat
them together.

Potash (potassa caustica).—Hydrate of potassium (KHO),
atomic weight 56, specific gravity, 2-1.

Properties.—Pure hydrate of potassium is a compact, white
solid, usually met with in the form of sticks. When heated to
a temperature a little under redness, it melts to a nearly colour-
less liquid; in this state it is intensely corrosive. It rapidly
absorbs moisture from the air, and moist potash also absorbs
with great avidity carbon dioxide; it is powerfully alkaline,
changing red litmus to blue. It is soluble in half its weight of
cold water, great heat being evolved during solution ; it forms
two definite hydrates—one, KHOH-HgO; the other, KHO

+

2H2O. It is sparingly soluble in ether, but is dissolved by
alcohol, wood-spirit, fusel oil, and glycerine.

§ 77. Pharmaceutical Preparations.—Potassium hydrate is
officinal in all pharmacopoeias, as well as the solution of potash.
Ihe liquor potassce, or solution of potash, of the British Phar-
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macopoeia, is a strongly alkaline, caustic liquid, of 1-058 specific

gravity, and containing 15-34 per cent, by weight of KHO.

It should, theoretically, not effervesce, when treated with an

acid, hut its affinity for 00, is so great that all solutions of

potash, which have been in any way exposed to air, contain a

little carbonate. Oaustic sticks of potash and lime used to be

officinal in the British Pharmacopoeia. Filho s caustic is still m
commerce, and is made by melting together two parts of potas-

sium hydrate and one part of lime in an iron ladle or vessel

;

the melted mass is now moulded by pouring it into leaden

^^Tlt' Carbonate of Potash (K,00^ + 2-Rp) when pure, is in

the form of small white crystalline grains, alkaline m taste

and reaction, and rapidly deliquescing when exposed to moist

air - it gives all the chemical reactions of potassium oxide, and

carbon dioxide. Oarbonate of potash, under the name of saU oj

.tartar, or potashes, is sold by oilmen for cleansing P^rposes^

They supply it either in a fairly pure state, or as a darkish

moist mass containing many impurities.
, „ ^

S 79. Bicarbonate of Potash (KHOO3,) is in the form of large,

transparent rhombic prisms, and is not deliquescent. The

effervescing solution of potash {liquor potass^ effervescens) con-

sists of thirty grains of KHOO3 in a pint of water (1-42 grm.

per litre), and as much 00, as the water will take up under a

^Tso'^Z^'soT-tZ^nHy,^^^^^^^
is I white solid, very similar in appearance to potassium hydrate

it absorbs moisture from the air, and afterwards carbon dioxide

iecomC solid again, for the carbonate is not deliquescent^ In

this ™ct! then, there is a great difference between potash and

soda for the former is deliquescent both as hydrate and carbonate

;

a sttck of potash in a semi-liquid state, by exposure to the air

::llt:i iVd, although sa^ed with carbon ^^o-de-Ju^
<^ndium hydrate has a specific gravity of 2 0 ,

it dissolves m

water ^^th evolution of heat, and the solution gives all the

M-L^^ of sodium hydrate, and absorbs carbon dioxide as

Te^mras iToXonW s lution of pot^H- J.e
liquor so^

puL carboTate of sodi for medicinal use is in colourless and

transparent rhombic octahedrons; when exposed to air, the

Crystals effloresce and crumble. The sodc
^^''J^'^^/^XnLte

dried carbonate of soda, is simply the
^^^'^^'l.^l^'^^^^i

deprived of its water of crystallisation, which amounts to 6. 9^

per cent.
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§ 82. Bicarhonate of Soda, (NaHCOg), occurs in the form of

minute crystals, or, more commonly, as a white powder. The
iiquo7' sodcn effervescens of the B. P. is a solution of the bicar-

bonate, 30 grains of the salt in 25 ounces of water (3'42

grms. per litre), the water being charged with as much carbonic

acid as it will hold under a pressure of seven atmospheres.
The bicarbonate of soda lozenges (trochisci sodce bicarbonatis) con-
tain in each lozenge live grains (-342 grm.) of the bicarbonate.

The carbonate of soda sold for household purposes is of two
kinds—the one, "seconds," of a dirty-white colour and somewhat
impure ; the other, " best," is a white mass ofmuch greater purity.
Javelle ivater [Eau de Javelle) is a solution of hypochlorite of
soda ; its action is poisonous, more from the caustic alkali than
from the chlorine, and may, therefore, be here included.

§ 83. Statistics.—Poisoning by the fixed alkalies is not so
frequent as poisoning by ammonia. Falck has collected, from
medical literature, twenty-seven cases, two of which were the
criminal administering of E&u de Javelle, and five were suicidal

;

22, or 81-5 per cent, died—in one of the cases after twenty-four
hours; in the others, life was prolonged for days, weeks, or
months—in one case for twenty-seven months.

§ 84. Effects on Animal and Vegetable Life.—The fixed alkalies
destroy all vegetable life, if applied in strong solution or in sub-
stance, by dehydrating and dissolving the tissues. The effects on
animal tissues are, in part, due also to the affinity of the alkalies
for water. They extract water from the tissues with which they
come in contact, and also attack the albuminous constituents,
forming alkali-albuminate, Avhich swells on the addition of water,'
and, in a large quantity, even dissolves. Cartilaginous and horny
tissues are also acted upon, and strong alkalies will dissolve hair,
silk, &c. The action of the alkali is by no means restricted to the
part first touched, but has a remarkable faculty of spreadin«- in
all directions.

°

§ 85. Local Effects.—The effects of strong alkali applied to the
epidermis are similar to, but not identical with, those produced
by strong acids. S. Samuel* has studied this experimentally on
the ear of the rabbit; a drop of a strong solution of caustic alkali,
placed on the ear of a white rabbit, caused stasis in the arteries
and veins, with first a greenish, then a black colour of the blood •

the epidermis was bleached, the hair loosened, and there quickly
tollowed a greenish coloration on the back of the ear, opposite
to the place of application. Around the burnt spot appeared a
circle ot anastomismg vessels, a blister rose, and a slough separated

* Virchow's ^rc/uV/ Patli. Anat., Bd. 5], Hffc. 1 u. 2, 1870.
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in a few days. The whole thickness of the ear was coloured

yellowish-green, and, later, the spot became of a rusty-brown.

K7q slrnpto\ns.-lT:he symptoms observed when a person has

swillowe/ a^angerous dLe of caustic (fi-^) ^Jah ^e
^^^^^^^^^

similar to those noticed with ammonia, with the important

e:^epti^^^^ there is no respiratory trouble unless the iquid

come into contact with the glottis; nor has there been hitherto

Remarked"he rapid death which has taken place m a amm^^^^^^^

poisonings, the shortest time hitherto recorded being ^liree hours

S reLe'd'by Taylor, in a case in which ^^^a^^^^^^^^^

three ounces of a strong solution of ^^rb^aate of pota h

There is instant pain, extending from the mouth to tne

stomach, a persistent^anci unpleasant taste; if the individual

ffnot a determined suicide, and the poison (as is mostly the

case) has been taken accidentally, the liquid is immediately

elected as much as possible, and water, or other liquid at

a soanv frothy appearance. There may be diarrhoea, ^ea^

from local action) on the heart; the pulse,
"^J^^^f

c^cl weak and loss of consciousness and convulsions are noL

the eroded parts is not tro>v-jellow
^otW part, and it is

red. The gullet is most
^^^f^^^.^^'^^^^^ ^Vus Bbhm*

Central Blattfiir die Med. Wiss., 1S74.
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collected by him, ten of the eighteen showed the contraction at
the lower third.

The changes which the stomach may present if the patient
has lived some time, are well illustrated by a preparation in
St. George's museum (43 a. 264, ser. ix.) It is the stomach of
a woman, aged 44, who had swallowed a concentrated solution
of carbonate of potash. She vomited immediately after taking
it, and lived about two months, during the latter part of which
she had to be nourished by injections. She died mainly from
starvation. The gullet in its lower part is seen to be much
contracted, its lining membrane destroyed, and the muscular
coats exposed. The coats of the stomach are thickened, but
what chiefly arrests the attention is a dense cicatrix at the
pylorus, with an aperture so small as only to admit a probe.
The colour of the stomach is generally bright-red, but in that

of a child, preserved in Guy's Hospital museum, (No. 17982'i), the
mucous membrane is obliterated, the rugte destroyed, and a dark-
brown stain is a noticeable feature. The stomach is not, however
necessarily aflfected. In a preparation in the same museum (No.
179820) the mucous membrane of the stomach of a child who
swallowed soap-lees, is seen to be almost healthy, but the gullet
is much discoloured.

The action on the blood is to change it into a gelatinous mass;
the blood corpuscles are destroyed, and the whole colour becomes
of a dirty blackish-red

;
the spectroscopic appearances are identical

with those already described (see p. 92). The question as to the
eflects pf chronic poisoning by the alkalies or their carbonates
may arise. Little or nothing is, however, known of the action of
consiclerable quantities of alkalies taken daily. In a case related
by Dr. Tunstall,* a man for eighteen years had taken daily
two ounces of bicarbonate of soda for the purpose of relieving
indigestion. He died suddenly, and the stomach was found
extensively diseased; but since the man, before taking the alkali
had complained of pain, &c., it is hardly well, from this one
case, to draw any conclusion.

§ 88. Chemical Analysis.~The tests for potassium or sodium
are too well known to need more than enumeration. The intense
yellow flame produced when a sodium salt is submitted to aliunsen flame, and the bright sodium-line at D when viewed bvthe spectroscope, is a delicate test; while potassium gives a dull-

violet Pn?
'"^^

"'',r' " ^''y distinct'line L Sle

Jodium
precipitated by tartaric acid, whilesodium salts do not yield this precipitate; potassium salts also

* Med. Times, Nov. 30, 1850, p. 5G4.
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give a precipitate with platinic chloride insoluble in strong

alcohol, while the compound salt with sodium is rapidly dissolved

by alcohol or water. This fact is utilised in the separation and

estimation of the two alkalies. •

/. i i, ,-

S 89 Estimation of the Fixed Alkalies.—Tlo detect a fixed alkali

in the contents of the stomach, a convenient process is to proceed

by dialysis, and- after twenty-four hours, to concentrate the outer

liquid by boiling, and then, if it is not too much coloured, to

titrate directly with a decinormal sulphuric acid. Alter exact

neutralisation, the liquid is evaporated to dryness, carbonised

the alkaline salts lixiviated out with water, the sulphuric acid

exactly precipitated by baric chloride, and then, after separation

of the sulphate, the liquid treated with milk of lime On filtra-

tion, the filtrate will contain alkalies only, and to make sure that

this is so, a little carbonate of ammonia is added to see whether

any precipitate is produced. The liquid may now be evaporated

to dryness with either hydrochloric or sulphuric acids, and the

total alkaUes weighed as sulphates or chlorides. Should it be

desirable to know exactly the proportion of potassium to sodium,

it is best to convert the alkalies into chlorides-dry gently,

ignite, and weigh ; then dissolve in the least possible quantity

of water, and precipitate by platinic chloride, which should

be added so as to be a little in excess, but not much The hquid

thus treated is evaporated nearly to dryness, and then extracted

with alcohol of 80 per cent., which dissolves out any ol the

double chloride of platinum and sodium. FmaUy, the precipi-

tate is collected on a tared filter and weighed after drying at

100° In this way the analyst both distinguishes between the

salts of sodium and potassium, and estimates the relative quan-

tities of each. It is hardly necessary to observe that, il the

double chloride is wholly soluble in water or alcohol, sodium

alone is present. This, however, will never occur m operating

on orc^aiic tissues and fluids, for both alkahes are invariably

Dresent A correction must be made when complex organic

fluids are in this way treated for alkalies which may be

na uraUy - the fluid. Here the analyst wil be guided by his

preliminary titration, which gives the tota free alkalinit)

.

fn ca^es where the alkali has been neutralised by acids, of course

no free alkali will be found, but the corresponding salt.
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VI.—NEUTRAL SODIUM, POTASSIUM, AND
AMMONIUM SALTS.

§ 90. The neutral salts of the alkalies are poisonous, if admin-
istered in sufficient doses, and the poisonous effect of the
sulphate, chloride, bromide, iodide, tartrate, and citrate appears
to depend on the specific action of the alkali metal, rather than
on the acid, or halogen in combination. According to the
recent researches of Dr. Ringer and Dr. Harrington Sainsbury,*
with regard to the relative toxicity of the three, as shown by
their effect on the heart of a frog—first, the potassium salts were
found to exert the most poisonous action, next come the ammo-
nium, and, lastly, the sodium salts. The highest estimate would
be that sodium salts are only one-tenth as poisonous as those of
ammonium or potassium ; the lowest, that the sodium salts are
one-fifth : although the experiments mainly throw light upon
the action of the alkalies on one organ only, yet the indications
obtained probably hold good for the organism as a whole, and are
pretty well borne out by clinical experience.

§ 91. Sodium Salts.—Common salt in such enormous quantity
as half a pound to a pound has destroyed human life, but these
cases are so exceptional, that the poisonous action of sodium
salts is of scientific rather than practical interest.

§92. Fotassiicm Salts.—Ijeavmg for future consideration the
nitrate and the chlorate of potassium, potassic sulphate and tar-
trate are substances which have destroyed human life.

Potassic Sulphate (KjSO^) is in the form of colourless rhombic
crystals, of bitter saline taste. It is soluble in 10 parts of water

Hydropotassic Tartrate (KHO^H^Og), when pure, is in the form
ot rhombic crystals, tasting feebly acid. It is soluble in 210
parts of water at 17°.

_

Statistics.—There appear to be four cases on record of poison-
ing by the neutral salts ; none of them belong to recent times
but he between the years 1837-1856. Hence, the main know-
ledge which we possess of the poisonous action of the potassium
salts IS derived from experiments on animals.%n Action on the Frog's Heart.—Both excitability and con-

Zttj ""Jl^^^'Y^^ ^ Vo^^^rinl degree. There is a Remarkable

X^LlltttW^^^
-regularity, and, lastly, cessation of

§ 94. Action on Warm-Blooded Animals.—li a toxic solution

* Lancet, June, 24, 1882.
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of a potassic salt is injected into the blood-vessels of an animal,

there is almost immediate death from arrest of the heart s action.

Smaller doses, subcutaneously applied, produce slowing ot the

pulse, dyspnoea, and convulsions, ending m death, bmall closes

produce a transitory diminution of the force of arterial pressure

which quickly passes, and the blood-pressure rises. There is at

first, for a few seconds, increase in the number of pulsations,

but later a remarkable slowing of the pulse. The rise m the

blood-pressure occurs even after section of the spinal cord, some-

what larger doses cause rapid lowering of the blood-pressure,

and apparent cessation of the heart's action; but if the thorax

be then opened, the heart is seen to be contracting regularly,

making some 120-160 rhythmic movements m the minute it

the respiration be now artificially maintained, and suitable

pressure made on the walls of the chest, so as to empty the

heart of blood, the blood-pressure quickly rises and natural

respiration may follow. An animal which lay 36 minutes ap-

parently dead was in this way brought to life again (Bohm).

The action of the salts of potassium on the blood is the same

as that of sodium salts. The blood is coloured a brighter red

and the form of the corpuscles changed; they become shriveUed

through loss of water. Voluntary muscle loses quickly its con-

tractifity when a solution of potash is injected into its vessels^

Nerves also, when treated with a 1 per cent, solution of potassic

chloride, become inexcitable.

8 95 JElimination.—The potassium salts appear to leave the

body through the kidneys, but are excreted much more slowly

than the corresponding sodium salts. Thus, after ^njecUon of

4 grms. of potassic chloride-in the first sixteen hours -748 grm.

of KOI were excreted in the urine, and m the following twenty-

four hours 2-677 grms. . ., ^

§ 96. Nitrate of Potash (KN03).-Pure potassic

tallises in large anhydrous hexagonal prisms
^^^^

^ihe^^^^^^^

summits • it does not absorb water, and does not deliquesce.

ir?usTng pohit is about 340% when melted it forms a trans

parent Wd, and loses a little of its oxygen, but this is for the

Tost paTretained by the liquid to be given off w^--* -

-

Sifies. At a red-heat it evolves oxygen, and is reduced first

To ntite ; if the heat is continued potassic oxide remain.

The specific gravity of the fused salt is 2-06. I*
3^°^^/^

soluble in cold water, 100 parts dissolving only 26 at_15 6 but

boiling water dissolves it freely, 100 parts dissolving 240 of

A Solution of nitrate of potash, when treated
^Jlf-^^^'l^^l

(see vol. i., "Foods," p. 519), is decomposed, the nitrate bein„
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first reduced to nitrite, as shown by its striking a red colour

with metaphenylene-diamine, and then the nitrate farther de-

composing, and ammonia appearing in the liquid. If the solu-

tion is alkalised, and treated with aluminium foil, hydrogen is

evolved, and the same effect produced. As with all nitrates,

potassic nitrate, on being heated in a test tube with a little

water, some copper filings, and sulphuric acid, evolves red

fumes of nitric peroxide.

§ 97. Statistics.—Potassic nitrate, under the popular name of
" nitre" is a very common domestic remedy, and is also largely

used as a medicine for cattle. There appear to be twenty cases

of potassic nitrate poisoning on record—of these, eight were caused

by the salts having been accidentally mistaken for magnesic
sulphate, sodic sulphate, or other purgative salt ; two cases were
due to a similar mistake for common salt. In one instance, the

nitrate was used in strong solution as an enema, but most of

the cases were due to the taking of too large an internal dose.

§ 98. Uses in the Arts, &c.—Both sodic and potassic nitrates

are called " nitre " by the public indiscriminately. Sodic nitrate

is imported in large quantities from the rainless districts of
Peru as a manure. Potassic nitrate is much used in the manu-
facture of gunpowder, in the preservation of animal substances,
in the manufacture of gun cotton, of sulphuric and nitric acids,

<fec. The maximum medicinal dose of potassium nitrate is usually
stated to be 30 grains (1-9 grms.).

§ 99. Action of Nitrates of Sodium and Potassium.—Both of
these salts are poisonous. Potassic nitrate has been taken with
fatal result by man ; the poisonous nature of sodic nitrate is

established by experiments on animals. The action of the
nitrates of the alkalies is separated from that of the other
neutral salts of potassium, <fec., because in this case the toxic
action of the combined nitric acid plays no insignificant part.
Large doses, 3-5 grms. (46-3-77-2 grains), of potassic nitrate
cause considerable uneasiness in the stomach and bowels ; the
digestion is disturbed ; there may be vomiting and diarrhoea, and
there is generally present a desire to urinate frequently. Still
larger doses, 1-5-30 grms. (231-5-463 grains), rapidly produce all
the symptoms of acute gastro-enteritis—great pain, frequent
vomiting (the ejected matters being often bloody), with irret^u-
larity and slowing of the pulse

;
weakness, cold sweats, pain1"ul

cramps in single muscles (especially in the calves of the let^s)
;

and, later, convulsions, aphonia, quick collapse, and death.
In the case of a pregnant woman, a handful of " nitre " taken

in mistake for Glauber's salts produced abortion after half-an-
hour. The woman recovered. Sodic nitrate subcutaneously
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applied to frogs kills them, in doses of -026 grm. (-4 grain), in

about two hours ; there are fibrillar twitchings of single groups

of muscles and narcosis. The heart dies last, but after ceasing

to beat may, by a stimulus, be made again to contract. Rabbits,

poisoned similarly by sodic nitrate, exhibit also narcotic symp-

toms
;
they lose consciousness, lie upon their side, and respond

only to the sharpest stimuli. The breathing, as well as the

heart, is "slowed," and death follows after a few spasmodic

inspirations.

Sodic nitrite was found by Barth to be a more powerful poison

less than 6 mgrms. (-1 grain) being sufficient to kill a rabbit of

455-5 grms. (7028 grains) weight, when subcutaneously injected.

The symptoms were very similar to those produced by the

nitrate.

§ 100. The postmortem appearances from potassic nitrate are a&

follows :—An inflamed condition of the stomach, with the mucous

membrane dark in colour, and readily tearing ; the contents of

the stomach are often mixed with blood. In a case related by

Orfila, there was even a small perforation by a large dose ot

potassic nitrate, and a remarkable preservation of the body was

noted. . X 1 +1

It is believed that the action of the nitrates is to be partly

explained by a reduction to nitrites, circulating m the blood as-

such To detect nitrites in the blood, the best method is to place

the blood in a dialyser, the outer liquid being alcohol. The

alcoholic solution may be evaporated to dryness, extracted witli

water, and then tested by metaphenylene-diamme.
_ _

S 101. Potassic Chlorate (KOlOg).—Potassic chlorate is m the

form of colourless, tabular crystals with four or six sides. About

6 parts of the salt are dissolved by 100 of water at 15 ,
the

solubility increasing with the temperature, so that at 100 nearly

60 parts dissolve ; if strong sulphuric acid be dropped on the

crystals, peroxide of chlorine is evolved; when rubbed with

sulphur in a mortar, potassic chlorate detonates. When the

salt is heated strongly, it first melts, and then decomposes,

yielding oxygen gas, and is transformed into the Pfc^orate

If the heat il continued, this also is decomposed, and the final

result is potassic chloride.

S 102. fTses.—Potassic chlorate is largely used as an oxidiscr in

calico printing, and in dyeing, especially in the preparation ot

aniline black. A considerable quantity is consumed m the

manufacture of lucifer matches and fireworks ;
it is also a con-

venient source of oxygen. Detonators for exploding dynamite

are mixtures of fulminate of mercury and potassic chlorate, it

is employed as a medicine both as an application to inllamea
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mucous membranes, and for internal administration ; about
2,000 tons of the salt for these various purposes are manu-
factured yearly in the United Kingdom.

§ 103. Poisonous Properties.—The facility with which potassic

chlorate parts with its oxygen by the aid of heat, led to its

very extensive employment in medicine. No drug, indeed, has.

been given more recklessly, or on a less scientific basis. Where-
ever there were sloughing wounds, low fevers, and malignant
sore throats, especially those of a diphtheritic character, the:

practitioner administered potassic chlorate in colossal doses.

If the patient died, it was ascribed to the malignity of the dis-

ease—if he recovered, to the oxygen of the salt ; and it is possible,

from the light which of recent years has been thrown on the
action of potassic chlorate, that its too reckless use has led to-

many unrecorded accidents.

§ 104. Experim.ents on Animals.—F. Marchand* has studied
the effects of potassic chlorate on animals, and on blood. If
either potassic chlorate or sodic chlorate is mixed with fresh
blood, it shows after a little while peculiar changes ; the clear
red colour at first produced passes, within a few hours, into a.

dark red-brown, which gradually becomes pure brown. This
change is produced by a 1 per cent, solution, in from fifteen to
sixteen hours; and a 4 per cent, solution at 15° destroys every
trace of oxyhfemoglobin within four hours. Soon the blood takes,
a syrupy consistence, and, with a 2-4 per cent, solution of the
salt, passes into a jelly-like mass. The jelly has much perman-
ence, and resists putrefactive changes for a long time.
Marchand fed a dog of 17 kilos, in weight with 5 grms. of

potassic chlorate for a week. As there were no apparent symp-
toms, the dose was doubled for two days ; and as there was still
no visible effect, 50 grms. of sodic chlorate were given lastly in
5 doses. In the following night the dog died. The blood was:
found after death to be of a sepia-brown colour, and remained
unaltered when exposed to the air. The organs Avere generally
of an unnatural brown colour; the spleen was enormously
enlarged; the kidneys were swollen, and of a dark chocolate
brown—on section, almost black-broAvn, the colour being nearly
equal, both in the substance and in the capsule. A micros-
copical examination of the kidney showed the canaliculi to be
filled with brownish cylinders consisting of altered blood. A
spectroscopic examination of the blood showed weak hjemo-
globin bands, and a narrow band in the red. Witli farther
ddution, the hsemoglobin bands vanished, but the band in the

* Virchow's ArcMvf. Path. Aval. Bd. 77, Hffc. 3, S. 455, 1879.
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red remained. The diluted blood, when exposed to the light,

still remained of a coffee-brown colour ; and on shaking, a white-

brown froth was produced on the surface.

A second experiment in which a hound of from 7-8 kilos, in

weio-ht was given 3-5 grm. doses of potassic chlorate in sixteen

hours, and killed by bleeding seven to eight hours after the

last dose, showed very similar appearances. The kidneys were

intensely congested, and the peculiar brown colour was notice-

able. , . ^

S 105. Effeats on Man.—I find in literature thirty-nine cases

recorded, in which poisonous symptoms were directly ascribed

to the action of chlorate of potassium ;
twenty-eight of these

terminated fatally. A quadruple instance of poisoning, recorded

by Brouardel and L'Hote,* illustrates many of the points relative

to the tims at which the symptoms may be expected to com-

mence, and the general aspect of potassic chlorate poisoning

The " superieure " of a religious institution was m the habit ol

aivint^, for charitable purposes, a potion containing 15 grms.,

(3-8 drms.) of potassic chlorate, dissolved in 360 cc. (about VZ^

oz.) of a vegetable infusion.
• -r. -j

This potion was administered to four children—viz., David,

ao-ed 2L
: Oousin, aged 3| ; Salmont, 2i

;
and Goerin, 2^.

David took the whole in two and a half hours, the symp-

toms commenced after the potion was finished, and the child

died five and a half hours after taking the first dose; there

were vomiting and diarrhoea. Cousin took the msdicme in

seven hours ; the symptoms also commanced after the last

spoonful, and the death took place eight and a half hour:,

from the first spoonful. The symptoms were mainly those

of great depression; the lips were blue the pulse feeble,

there was no vomiting, no diarrhoea Salmont took the

m3dicine in nine hours, and died in twelve. There was some

diarrhoea, the stools were of a green colour.
^
^^'^'^^^"^

^<^.^^, *f
whole in two hours, the symptoms commenced m four hours

,

The lU were very pale, the gums blue. Daath took place m

There was an autopsy in the case of David only. The stomach

showed a large ecchymosls on its mucous membrane as if it had

been burnt by an acid; the spleen was gorged with Wood, and i^

tissue friable ; the kidneys do not seem to have been thorough y

examined, but are said to have been tumefied^
,f'^^^rdrt^"ft

was discovered by dialysis. In the cases f
detailed, the symptom, appear to be a mixture of the de

* A males d'Hygiene puhliqus. 18S1, p. 232.
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pressing action of the potassium, and irritant action of the

chlorate.

§ 106. In adults, the main symptoms are those of nephritis,

and the fatal dose for an adult is somewhere about an ounce

(28-3 grm.), but half this quantity would probably be dangerous,

especially if given to a person who had congestion or disease of

the kidneys.

Dr. Jacobi,* gives the following cases.

Dr. Fountain in 1858, experimenting on himself, took 29-2

^rms. (9 drms.) of potassic chlorate; he died on the seventh day
from nephritis. A young lady swallowed 30 grms. (9-2 drms),

when usLug it as a gargle ; she died in a few days from nephritis.

A man, thirty years of age, died in four days after having taken
48 grms. (12-3 drms.) of sodic chlorate in six hours. The shortest

time in which I can find the salt to have been fatal, is a case
related by Dr. Manouvriez, in which a woman took 45 grms.,
and died in five hours. The smallest dose which has proved
fatal is one in which an infant three years old was killed by
3 grms. (46-3 grains).

Jacobi considers that the maximum dose to be given in divided
doses during the twenty-four hours, to infants under three,
should be from 1-1-5 grm. (23-1 grains), to children from three
years old, up to 2 grm. (30-8 grains) : and adults from 6-8 grm.
(92-6-123-4 grains). ^

^

§ 107. Elimination.—Potassic chlorate is quickly absorbed from
mucous membranes, and by the inflamed skin, and rapidly
separated from the body by the action of the kidneys. Wohler, as
early as 1824, recognised that it in great part passed out of the
body unchanged, and, lately, Isambert, in conjunction with Hirnef
making quantitative estimations, recovered from the urine no less
than 95 per cent, of the ingested salt. Otto Hehner has also made
several auto-experiments, and taking two and a half drachms,
found that it could be detected in the urine an hour and a half
afterwards. At that time 17-23 per cent, of the salt had been
excreted, and, by the end of eleven hours, 93-8 per cent, was
recovered. It is then difficult to believe that the salt gives
any oxygen to the tissues, for though it is true that in all the
investigations a small percentage remains to be accounted
for, and also that JMnz\ making experiments by mixing
solutions of potassic chlorate with moist organic substances^
such as pus, yeast, fibrin, &c., has declared that, at a blood
heat, the chlorate is rapidly reduced, and is no longer recognisable

* Amer. Med. Times, 1860.
•I- Oaz. Med. de Paris, 1875. Nro. 17, 35, 41, 43.
X Berlin Klin. Wochenschr, xi. 10, S. 119, 1874.
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as chlorate—yet, it may be affirmed, that potassic chlorate is

recovered from the urine as completely as anything which is

ever excreted by the body, and that deductions drawn from

the changes undergone by the salt in solutions of fibrin, &c.,

have only an indirect bearing on the question.

§ 108. The essential action of potassic chlorate seems to be

that it causes a peculiar change in the blood, acting on the

colouring matter and corpuscles ; the latter lose their property

as oxygen carriers; the htemoglobin is in part destroyed; the

corpuscles dissolved. The decomposed and altered blood-

corpuscles are crowded into the kidneys, spleen, &c.; they

block up the uriniferous canaliculi, and thus the organs present

the curious colouring seen after death, and the kidneys become

inflamed.

DETECTION AND ESTIMATION OF POTASSIC CHLORATE.

§ 109. Organic fluids are best submitted to dialysis; the

dialysed fluid should then be concentrated and qualitative tests

applied. One of the best tests for the presence of a chlorate is,

without doubt, that recommended by Fresenius. The fluid to

be tested is acidulated with a few drops of sulphuric acid;

sulphate of indigo added sufficient to colour the solution blue,

and finally a few drops of sulphurous acid. In presence ot

potassic or sodic chlorate, the blue colour immediately vanishes.

This method is capable of detecting 1 part in 128,000 ;
provided

the solution is not originally coloured, and but little organic

matter is present. .

The urine can be examined direct, but if it contain albumen,

the blue colour may disappear and yet chlorate be present
;

it

too much sulphurous acid be also added, the test niay give

erroneous results. These are but trivial objections however,

for if the analyst obtains a response to the test, he will naturally

confirm or disprove it by the following process :—
_ .

The liquid under examination, organic or otherwise, is

divided into two equal parts. In the one, all the chlorine

present is precipitated as chloride, by silver nitrate m the

isual way, and the chloride of silver collected and weighed

In the other, the liquid is evaporated to dryness and well charred

by a dull red heat, the ash dissolved in weak nitric acid, and

the chlorides estimated as in the first case If chlorates were,

present, there will be a difl-erence between the two estimations,

proportionate to the amount of chlorates
-^"f) ^

1;^;.%^,^;';

converted into chlorides by the carbonisation, and the first siner
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chloride subtracted from the second will give an argentic chloride
which is to be referred to chlorate. In this way also the amount
present may be quantitatively estimated, 100 parts of silver
chloride equalling 85-36 of potassic chlorate.

TOXICOLOGICAL DETECTION OF ALKALI SALTS.—
(See also ante, p. 100.)

§ 110. Sodium, in combination, especially with cjilorine, and
also with sulphuric, carbonic, and phosphoric acids, is found in
the plasma of the blood, in the urinary secretion, in the pan-
creatic juice, in human bile, and in serous transudations, &c.
Potassium, in combination, is especially found in the red blood-
corpuscles, in the muscles, in the nervous tissues, and in milk.
Ammonia, in combination with acids, is naturally found in the
stomach, in the contents of the intestine ; it is also a natural
constituent of the blood in small traces, and in a corpse is
copiously evolved from putrefactive changes.

_

It hence follows, that mere qualitative tests for these elements
in the tissues or fluids of the body are of not the slightest use
for they are always present during the life of the healthiest
individual, and can be found after death in persons dyin<^ from
any malady whatever. To establish the fact of a person havino-
taken an unusual dose of any of the alkali salts, by simpl?
chemical evidence, it must be proved that the alkalies are presentm unusual quantities or in an abnormal state of combination

In cases of rapid death, caused by sodic or potassic salts, they
will be found in such quantity in the contents of the stomach, orm matters vomited, that there will probably be no difficulty incoming to a direct conclusion

; but if some time has elapsed, the
analyst may not find a sufficient ground for giving a decided
judgment, the excretion of the alkali salts being very rapid

In most cases, it will be well to proceed as follows .-—Thecontents of the stomach are, if necessary, diluted with distilled
water, and divided into three parts, one of which is submitted to
dialysis, and then the dialysed liquid evaporated to a small bulkand examined qualitatively, in order to ascertain whether a lar^eamount of the alkaline salts is present, and in what form Inthis way, the presence or absence of nitrate of potassium or

^hfSeSctr™''' " -•p''~

f^^Ki^^'^'I''
'"'^'^''^^ potassium, a' coarse test is oreferable to the finer tests dependent upon con;ersion of the nLate'

.

mto nitrites or into ammonia, for thlse tests are so delt^te! that
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nitrates may be detected in traces ;
whereas, in this examination

to find traces is of no value. Hence, the old-fashioned test of

treating the concentrated liquid in a test-tube with copper filings

and then with sulphuric acid, and looking for the red fumes, is

best, and will act very well, even should, as is commonly the case,

some organic matters have passed through the dialyser.

Chlorates are indicated if the liquid is divided into two parts

and tested in the manner recommended at page 108. If present

in any quantity, chlorates or nitrates may be indicated by the

brilliant combustion of the organic matter when heated to red-

ness, as also by the action of strong sulphuric acid on the solid

substances-in the one case, yellow vapours of peroxide of chlorme

being evolved-in the other, the red fumes already mentioned

of nitric peroxide.
, , , , • j. j. j.

With regard to a substance such as the hydro-potassic tartrate,

its insolubility in water renders it not easy of detection by

dialysis; but its very insolubHity wiU aid the analyst, for the

contents of the stomach may be treated with water, and thus all

soluble salts of the alkalies extracted. On now microscopicaUy

examining the insoluble residue, crystals of bitartrate, if present,

will be readily seen. They may be picked up on a c ean platmum

wire and heated to redness in a Bunsen flame, and spectroscopi-

luy examined. After heating, the melted mass will have m
alkaHne reaction, and give a precipitate with Pl-*^«/^l;^^

All other organic salts of potassium are soluble, and a white

crystal giving such reaction must be hydro-potassic tartrate

Tmmomum Salts.-U the body is fresh, and yet the salts of

ammonium present in large amount, it is safe to conclude that

they have an external origin ; but there might be some consider-

ablldifficulty in criminal poisoning by a neutral salt ofammomum

nnd seSch for it in a highly putrid corpse. Probably, m such an

:l;till Sse, there wo/lJbe other e-den- W^^^^^^

the quantitative separation and estimation of the fi^ey^^^^l^J

in the ash of organic substances, the reader is referred to the

processes given i'n vol. i., "Foods." p. 101,. seq., and m the

present work, p. 100.



PART IV.-MORE OR LESS VOLATILE POISONOUS
SUBSTANCES CAPABLE OF BEING SEPARATED
BY DISTILLATION FROM NEUTRAL OR ACID
LIQUIDS.

HYDROCARBONS—OAMPHOE^
ALCOHOL—AMYL NITRITE—ETHER—CHLORO-

FORM AND OTHER ANESTHETICS— CHLORAL

—

CARBON DISULPHIDE—CARBOLIC ACID—
NITRO-BENZENE—PRUSSIO ACID-

PHOSPHORUS.

I.—HYDROCARBONS.
1. PETROLEUM.

§ IIL Petroleum is a general term for a mixture of hydro-
carbons of the paraffin series, which are found naturally in
certain parts of the world, and are in commerce under liquid
and solid forms of various density. Crude petroleum is not im-
ported into England, the original substance having previously
undergone more or less rectification. The lighter and more
volatile portions are known under ' the name of cymogene
rhigolene, gasolene, and naphtha. .

j & ^

T^^J^^V^^"'"^^''^. ^ specific gravity of -590, and boils at 0°.
It has been employed in refrigerating machines. It appears
to consist chiefly of butane, (C^Hjq).

§ 113. Rhigolene is now used' in medicine in the form of spray
to produce local anesthesia. It boils at 18°, and has a density

%\U. Gasolene h^B a density of •680--688; it has received
technical applications m the " naphthalising » of air and gas.

^
115. Benzohne {mineral naphtha, petroleum naphtha, petroleum

spxru, petroleum ether) is a mixture of the lighter series of hydrocarbons
;
the greater part consists of heptane, and there is al^oa considerable quantity of pentane (C,H,,) present. The specificgravity varies from -69 to -74. It is very inflnmrr,;!:!.

^ i •

.sed in sponge lamps, and also as a sXn\1r gnti^:!"!
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naphthalene, paraffin, wax, and many other bodies. By the

practical chemist it is much employed.

The similarity of the terms benzoline and lenzene has caused

benzoline to be often confused with benzol or Unzene the leading

constituent of coal-tar naphtha, C,H Mr. ^^^^^ t g;y^«^^;^^..^^^^

following table a summary of the chief points of distinction

both between petroleum naphtha, shale naphtha, and coaUar

naphtha. The table is founded upon the examination ot par-

ticular samples, and commercial samples may present a lew

minor deviations.

TABLE VI.-VAIIIETIE3 OF NAPHTHA.

Petroleum Napht' a. Sbale Naphtha.

Contains at least 75

per cent, of liej)tane,

CrHifi, and other hy-

drocarbons of the marsh

gas or paraffin series ;

the remainder appar-

ently olefins, C„H2,„

with distinct traces of

benzene and its homo-

logues.

Specific gravity at 15°,

•600.

Distils between 65°

and 100".

Dissolves coal - tar

pitch, but slightly

;

liquid, but little colour-

ed even after prolonged

contact.

On shaking three

measures of the sample

with one measure of

fused crystals of abso-

lute carbolic acid, no

solution. Liquids not

miscible.

Combines with 10 per

cent, of its weight of

bromine in the cold.

Coal-tar Naphtha.

Contains at least 60

to 70 per cent, of hepty-

lene, C7H14, and other

hydrocarbons of the

olefin series ; the re-

mainder ])araffins. No
trace of benzene or its

homologues.

Specific gravity at 15°,

718.

Distils between 65°

and 100°.

Behaves similarly to

petroleum naphtha
with regard to the

solution of pitch.

When treated with

fused carbolic acid

crystals, the liquids mix-

perfectly.

Combines with up-

wards of 90 per cent,

of its weight of bromme

Consists almost
wholly of benzene,

CgHo, and other homo-

logous hydrocarbons,

with a small percent-

age of light hydrocar-

bons in some samples.

vSpecific gravity •876.

Distils between 80°

and 1-20°.

Readily dissolves

pitch, forming a deep

brown solution.

The liquids form a

homogeneous mixture

•when treated with

fused carbohc acid

crystals.

Combines slowly with

30-40 per cent, of its

weight of bromine.

" Commercial Organic Analysis, " vol. ii., P- 31.
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§ 116. Paraffin oil (or kerosioie, mineral oil, photogen, &c.) is

the chief product resulting from the distillation of American
petroleum—the usual specific gravity is about -802—it is a mix-
ture of hydrocarbons of the paraffin series. It should be free
from the more volatile constituents, and hgnce should not take
fire when a flame is applied near the surface of the cold liquid.

§ 117. Effects of Petroleum.—Since we have here to deal with
a commercial substance of such different degrees of purity, and
various samples of which are composed of such various propor-
tions of different hydrocarbons, its action can only be stated in
very general terms. Eulenberg* has experimented with the
lighter products obtained from the distillation of Canadian
petroleum. This contained sulphur products, and was extremely
poisonous, the vapour kilHng a rabbit in a short time, with
previous insensibility and convulsions. The autopsy showed a
thin extravasation of blood on the surface of each of the bulbi,
much coagulated blood in the heart, congested lungs, and a
Tjloody mucous covering the tracheal mucous membrane. An
experiment made on a cat with the lighter petroleum (which had
no excess of sulphur) in the state of vapour, showed that it was
an anaesthetic, the anaesthesia being accompanied by convulsions,
which towards the end were tetanic and violent. The evapora-
tion of 1-6 grm. in a close chamber kiUed the animal in three
hours The lungs were found congested, but little else was
remarkable. Much petroleum-vapour is breathed in certain
^ctories, especiaUy those in which petroleum is refined fFrom this cause there have been rather frequent toxic symptomsamong the workmen. Eulenbergi describes the symptoms as
lollows :—A person, after breathing an overdose of the vapour
becomes very pale the lips are livid, the respiration slow, the
hearts action weak and scarcely to be felt. If he does notimmediately go into the open air away from the poisonous
vapour, these symptoms may pass on to insensibility, convulsionsand death. It often occasions a condition of the voluntary
muscles similar to that induced by drunkenness, and on recoverythe patient is troubled by singing in the ears and noises in the

time
°^ ""^^ '^"''^^ ^ long

§ 118. Poisoning by taking light petroleum into the stomachIS not common. In a case recorded by Taylor, § a woman, for

* Gewerbe Hygiene,

w-lth^^h ^T'"'
likely to rise at the ordinary temperature and mix

§ "Poisons," p. 656.
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the purpose of suicide, swallowed a pint of petrolcuni^ There

followed^ slight pain in the stomach and a l^^tle febrde djs

turbance, and a powerful smell of petroleum ^'^^^'^^ about t^

body for six days ; but she completely recovered In August,

i870, a sea-captJin drank a quantity of paraffin, that l^gh^mg

petroleum, and died in a few hours m an
--X^e «o nttai

A child, t^o years old, was brought to ^^^S/

within ten minutes after taking a teaspoonful of paraffin^ It

was semi-comatose and pale with ^o^tj^'^*^^
/."f ztrw^re

no vomiting or purging. Emetics of sulphate «f
^"^^J^^^

administered, and the child recovered m
^'fy-^^^M h^d

In another case treated at the same l^^^P^^^^'
.^f^f^^^^^^

swallowed an unknown quantity of paraffin. It fell mto a

comlse state, which simulated tubercular i^emngitis and

lasted for nearly three weeks.* In a case recorded by Mr.

pet/Wa^iH ^^^^^^^^

;°;U"r4nldTt"- .te those of s.ffoc^jon .ith .

constant couc^h ; there was no expectoration ;
the tongue, gums,

TdltekTwe^H^^^^^^

i^TakroF^p"^^
rnld the stomach pump was used, and she recovered t Hence

t Ys^trfbrcertL, Lm the above—s
f

a^^^^^^^

case of petroleum poisoning occur the
--V^^^^'^l^^^^^^ *n

deal with infinitesimal quantities, but while the odour ot tne on

tm probably be distinctly perceptible, there wil be also a

Tufficient amount obtained either from ^^^^^^
contents of the stomach, &c., so that no difficulty will be expeii

'7mi:''oTr\o\ev.r.te petroleum fiw any l^uid, the

other properties, will be sufficient for identification.

* Brit. Med. Journ., Sept. 16, 1876, p. 365.

t Brit. Med. •^o«7-',<^'^*-,^„*' S'. ^.igo for other cases see B^-it. Med,
± Pharm. Journal, Feb. 12, IS/o , "f" ") „

JolrnT^ov. 4, 1876; and Kohler's ^'Phyml. Tkaap., p. 43..
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2. COAL-TAE-NAPHTHA—BENZENE.

§ 120. Coal-tar-naphtha, in its crude state, is an extremely
complex liquid, of a most disagreeable smell. Much benzene,

(^G^^e)' present with higher homologues of the benzene series.
Toluene, (OyHg), naphthalene, (OjoHg), hydrocarbons of the paraffin
series, especially hexane, (OgHj^), and hydrocarbons of the olefin
series, especially pentylene, hexylene, and heptylene, (OgHig, OgH^g
and OyHj^). Besides these, there are nitrogenised bases, such
as aniline, picoline, and pyridine

;
phenols, especially carbolic

acid
;
ammonia, ammonium sulphide, carbon disulphide, and

probably other sulphur compounds
;
acetylene and aceto-nitrile.

By distillation and fractional distillation are produced what are
technically known as ''once rtm" naphtha, 90 per cent, benzol,
50 and 90 per cent, benzol,* 30 per cent, benzol, solvent naphtha,
and residue known as " last runnings."

§ 121. Taylort records a case in which a boy aged 12 swal-
lowed about three ounces of naphtha, the kind usually sold for
burning in lamps, and died with symptoms of narcotic poisonino-.
The child, after taking it, ran about in wild delirium, he then
sank into a state of collapse, breathing stertorously, and the
skin became cold and clammy. On vomiting being excited he
rejected about two tablespoonfuls of the naphtha, and recovered
somewhat, but again fell into collapse with great muscular relaxa-
tion. The breathing was difficult ; there were no convulsions • the
eyes were fixed and glassy, the pupils contracted: there 'was
frothing at the mouth. In spite of every efi-ort to save him, he
died in less than three hours after taking the poison. The body
examined three days after death, smelt strongly of naphtha, but
the post-mortem appearances were in no way peculiar, save thatthe stomach contained a pint of semi-fluid matter, from which a

8 1 99 Tu^ I ^^^r^i=teristics of impure benzene, was separated.
^iZA. ihe effects of the vapour of benzene have been studiedby _bulenberg m experiments on cats and rabbits, and there are

also available observations on men, J who have been accidentally
exposed to Its influence. From these sources of information,
It IS evident that the vapour of benzene has a distinctly narcotic
eilect, while influencing also in a marked degree the spinal cord

andtl^f'rv
' '^™Pi^°^^' *he head, convulsive tremblingand twitchmgs of the muscles, with difficulty of breathing.

+ Op. ext., p. 657.

J Dr. Stone, Mnl. Qaz., 1848. Vol. xii., p. 1077,
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DETECTION AND SEPARATION OF BENZENE.

8 123 Benzene is separated from liquids by distillation, and

may be recognised by its odour, and by the properties described

at pa^e 112 The best process of identification, perhaps, is to

purify and convert it into nitro-benzene, and then into aniline,

in the following manner :—
. •, -.i i 4.-^„

1 Purification.—The liquid is agitated with a solution ot

caustic soda; this dissolves out of the benzene
J>o^;^^

an acid character, such as phenol, &c. The f/^S^d qu^^^

should a-ain be distilled, collecting that portion of the distillate

whTch passes over between 65" and 100 ;
directly the ther^

mometer attains nearly the 100°, the distillation should be

stopped. The distillate, which contains all the benzene present,

is next shaken with concentrated sulphuric acid in the cold

;

tlis wm dissolve out all the hydrocarbons of the ethylene and

acetylene series. On removing the layer of benzene from the

acid it must be again shaken up with dilute soda so as to

reml^ve every trace^ of acid. The benzene is, by this_ rather

compILted series of operations, obtained in a very fair state

of purity and may be converted into nitro-benzene as follows .

-

"
rcJnvtrsion ilto mtro-Benzene.-:^^.^ oily liqmd xs placed m a

flask and treated with four times its volume of fuming nitric

ac?d The flask must be furnished with an upright condenser ;

a vigorous action mostly takes place without the apphcation of

heTbut if this does not occur, the flask may be warmed for a

aZ the conversion is over, the liquid, wh le stiU warm,

xnutt be transferred into a burette furnished with a glass tap

^r Z a separating funnel, and all, except the top layer, run into

cold waS- if benzene ^as originally present, either oily drops

of nitro benzene will fall, or if the benzene was only m small

nuantity alne precipitate will gradually settle down to the
quantity, a u p y

distinct bitter-almond smeU be

.rl but if there was no benzene in the original liquid,

fnr—^^^^^^^ formed, no such appearance

^'Vc:^:^ninto A^.^ -r-'T^Mnyifoff t^:
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of bleaching-powder, a blue or purple colour passing to brown
is in a little time produced.

3. TEEPENES-ESSENTIAL OILS—OIL OF TUEPENTINE.

§ 124. The terpenes are hydrocarbons of the general formula
^n-S2n-4- ^he natural terpenes are divided into three classes :

—

1. The true terpenes, formula (OjoH^g), a large number of
essential oils, such as those of turpentine, orange peel, nutmeg,
caraway, anise, thyme, &c., are mainly composed of terpenes.

2. The cedrenes, formula essential oil of cloves,
rosewood, cubebs, calamus, cascarilla, and patchouli, belong to
this class.

3. The colophene hydrocarbons, formula (OgoHo,), represented
by colophony.

Of all these, oil of turpentine alone has any toxicological
significance; it is, however, true that all the essential oils, if
taken m considerable doses, are poisonous, and cause, for the
most part, vascular excitement and complex nervous phenomena,
but their action has not been very completely studied. They
may all be separated by distillation, but a more convenient
process for recovering an essential oil from a liquid is to shake
It up with petroleum ether, separating the petroleum and evapo-
rating spontaneously

;
by this means the oil is left in a fair

state of purity.

4. OIL OF TURPENTINE-SPIEITS OP TUEPENTINE-
" TURPS "-CAMPHENE.

§ 125 Various species of pine yield a crude turpentine, holdingm solution more or less resin. The turpentine may be obtained

^^Tv.
«.f,"dation by distillation, and when the first portion

ot the distillate is treated with alkali, and then redistilled, the
final product is known under the name of "rectified oil ofturpentine, and is sometimes called " camphene." It mainly
consists of terebeAthene. Terebenthene obtained from Frenchturpentine difiers m some respects from that obtained from±.nglish or American turpentine. They are both mobile, colourlesshquids, having the well-known odou/ of turpentine Ld hioWy

rightl 21 ^ Jh~/l«i .
the sodium ray, and the English to ther gnt + .!15, the latter terebenthene is known scientifically asaustra-terebenthene. This action on polarised lightt retJued
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in the various compounds and polymers of the two turpentine

oils.

The specific gravity of turpentine oil is -864; its boiling point,

when consisting of pure terebenthene 156°, but impurities may

raise it up to 160°; it is combustible and burns with a smoky

flame. Oil of turpentine is very soluble in ether, petroleum

ether, carbon disulphide, chloroform, benzene, fixed and essential

oils, and by the use of these solvents it is conveniently separated

from the contents of the stomach. It is insoluble in water,

(Glycerine, and dilute alkaline and acid solutions; and very

soluble in absolute alcohol, from which it may be precipitated by

the addition of water.
.

It is polymerised by the actioii of strong sulphuric acid, the

polymer, of course, boUing at a higher temperature than the

original oil. With water it forms a crystalUne hydrate,

(G^JIA HoO). On passing nitrosyl chloride gas mto the. oil,

either pure or diluted with chloroform or alcohol, the mixture

being cooled by ice, a white crystalline body is deposited, ot

the formula O.^B.,, (NOOl). By treating this compound with

alcoholic potash, the substitution product, (OioHigNO), is obtained

By treating turpentine with an equal bulk of warm water, and

shaking it in a large bottle with air, camphoric acid and peroxide

of hydrogen are formed. When turpentine oU is left in contact

with concentrated hydrochloric acid, there is foi-med tereben-

thene dihydrochloride, (0,oH,e2H01), which forms rhombic

plates, insoluble in water, and decomposable hy boilmg alcoholic

potash, with formation of terpinol (0,oH„),0. The dihydro-

chloride gives a colour-reaction with ferric chloride. Ihis is an

excellent test—not, it is true, confined to oil of turpentine—but

common to the dihydrochlorides of all the terpenes. A few drops

of the oil are stirred in a porcelain capsule with a drop ot hydro-

chloric acid, and one of ferric chloride solution ;
on gently

heating, there is produced first a rose colour, then a violet-red,

and lastly a blue.
. . t W

S 126 Weds of the Administration of Turpentine.—h. ^^ .

Liersch* exposed animals to the vapour of turpentine and

found that a cat and a rabbit died within half-an-hour There

was observed uneasiness, reeling, want of power m the limbs

(more especially in the hinder extremities ,
convulsions partial

or general, difficulty of respiration; and the hearts action was

quickened. Death took place, in part, from asphyxia, and m
part was attributable to a direct action on the nervous centres^

The autopsy showed congestion of the lungs, ecchymoses of the

• Clarus in Schmidt's Jahrhncher, Bd. cxvii., i. 1863 ;
and VicHd-

jahrsschr. fur Oer. Med., xxii., Oct. 1862.
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kidney, and much blood in the liver and spleen. Small doses

of turpentine-vapour cause (according to Dr. W. B. Richardson)*

giddiness, deficient appetite, and anaemia. From half an ounce

to an ounce is frequently prescribed in the countiy as a remedy
for tape-worm ; in smaller quantities it is found to be a useful

medicine in a great variety of ailments. The larger doses pro-

duce a kind of intoxication with giddiness, followed often by
purging and strangury not unfrequently blood or albumen (or

both) is found in the urine. When in medical practice I have
given the oil, and seen it given by others, in large doses for tape-

worm to adults, in perhaps 40 cases, but in no one instance were
the symptoms severe; the slight intoxication subsided quickly, and
in a few hours the patients recovered completely. Nevertheless
it has been known to destroy the lives of children, and cause most
serious symptoms in adults. Two fatal cases are mentioned by
Taylor ; one was that of a child who died fifteen hours after taking
half an ounce of the oil ; in another an infant, five months old,

died rapidly from a teaspoonful. The symptoms in these fatal

cases were profound coma and slight convulsions ; the pupils were
contracted, and there was slow and irregular breathing. Tur-
pentine is eliminated in a changed form by the kidneys, and
imparts an odour of violets to the urine ; but the nature of the
odoriferous principle has not yet been investigated.

II.—CAMPHOR

§ 127. A great many essential oils deposit, after exposure to
air, camphors produced by oxidation of their terpenes. Ordinary
camphor is imported in the rough state from China and Japan,
and is prepared by distilling with water the wood of camphora
officinarum ; it is resublimed in England. The formula of
camphor is CjoHigO ; it has a density of -986 to -996

; melts at
175°, and boils at 20.5°. It is readily sublimed, especially in a
vacuum, and is indeed so volatile at all temperatures, that a
lump of camphor exposed to the air wastes away. It is somewhat
insoluble in water, (about 1 part in 1000), but this is enouf^h
to impart a distinct taste to the water ; it is insoluble in chloro-
form, ether, acetone, acetic acid, carbon disulphide and oils.
It has a fragrant colour and a burning taste. A 10 per cent,
solution in alcohol turns a ray of polarised light to the right
+ 4:2-8°. By distillation with zinc chloride, cymene and other

* Brit, and For. Med.-Cldr. Beviaw, April, 1863.
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products are produced. By prolonged treatment with nitric

acid, camphor is oxidised to camphoric acid, (O^oHigOJ. Camphor

unites with bromine to form a crystalline, unstable dibromide,

which splits up on distillation into hydrobromic acid and mono-

brom-camphor, (OioHigBjO). The latter is used in medicine
;

it

crystallises in prisms fusible at 76°, and is readily soluble in

alcohol. . •
1

§ 128. Pharmaceittical Preparations—The Tpre-pax&tions omcm&l

in the British Pharmcopoeia are camphor water—water saturated

with camphor, containing about one part per thousand.

Camphor Liniment.—A solution of camphor in olive oil,,

strength 25 per cent.
i, -i f

Compound Camphor Liniment.—ComTposed of camphor, oil ot

lavender, strong solution of ammonia and alcohol; strength in

camphor about 11 per cent.
_

Spirit of Camphor.—A solution of camphor m spirit
;
strength

10 per cent.
, . j-

Camphor is also a constituent of the compound tincture of

camphor; but in this case it may be considered only a flavouring

agent There is a homoeopathic solution of camphor, in spirit,

(Rubini's Essence of Camphor). The solution is made by satu-

rating alcohol with camphor; it is, therefore, very strong—

about half the bulk consisting of camphor. Camphor is used in

veterinary medicine both externally and internally.
_

S 129. Symptoms.—G&mTphoT acts energetically on the bram

and nervous system, especially if it is given in strong alcoholic

solution, and thus placed under conditions favouring absorption.

Some years ago. Dr. G. Johnson* pubHshed a series of cases

arising from the injudicious use of " homceopathic solution ot

camphor," from seven to forty drops of Rubini's homceopathie

camphor taken for colds, sore throat, &c., having produced coma

foaming at the mouth, convulsions, and partial paralysis. iUi

the patients recovered, but their condition was for a little time

The cfses of fatal poisoning by camphor are very rare. A woman

aged 46, pregnant four months, took 12 grms. (about 184 grains)

in a glass of brandy for the purpose of procuring abortion. In a

very short time the symptoms commenced; she had intolerable

headache, the face was flushed, and there was a sensation of

burning in the stomach. In eight hours after taking the dose

she had strangury and vomiting, and the pam m the epigastrium

was intense. These symptoms continued with more or les.

severity until the third day, when she became much ^vorse.

Brit. Med. Journal, Feb. 27, 1878, p. 272 ; see also ibid, Feb. 1875.
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Her face was pale and livid, the eyes hollow, the skin cold and
insensible, pulse weak and thready, breathing laboured. There
were violent cramps in the stomach and retention of urine for

twenty-four hours, and then coma. The patient lingered on. yet
another three days, aborted, and died,*

Dr. Schaaff has recorded three cases of poisoning—one of

which was fatal. A woman gave about half a teaspoonful of a
camphor solution to each of her three children, the ages being
respectively five and three years and fifteen months. The
symptoms noted were pallor of the face, a burning pain in the
throat, thirst, vomiting, purging, convulsions, and afterwards
coma. The youngest child died in seven hours; the others,

recovered. The smallest dose known to have produced violent
symptoms in an adult is 1-3 gim. (20 grains); the largest dose
known to have been, recovered from is 10-2 gims. (160 grains).

f

§ 130. Post-moriem Apfiaranices.-—The bodies of animals or
persons dying from poisoning by camphor, smell strongly of the
substance. The mucous membrane of the stomach has been,
found inflamed, but there seem to be no characteristic lesions.

§ 131. Separation ofCamphorfrom the Contents of the Stomach.—
The identification of camphor would probably in no case present
any difficulty. It may be readily dissolved out from organic
fluids by chloroform. If dissolved in fixed oils, enough for the
purposes of identification may be obtained by simple distilla-
tion. It is precipitated from its alcoholic solution by the
addition of water.

III.—ALCOHOLS.

1. ETBYLIC ALCOHOL.

§ 132. The chemical properties of ordinary alcohol are fully
described, with the appiopriate tests, in vol. i., "Foods," pp.
369-384, and the reader is also referred to the same volume for
the composition and strength of the various alcoholic drinks.

Staiwtics.—lf we were to include in one list the deaths indi-
rectly due to chronic, as well as acute poisoning by alcohol it
would stand first of all poisons in order of frequency, but the
taking of doses so large as to cause death in a few hours is rare.

* Jcvrn. cle Chim. Mdd., May, 1860.
t 1850, p. 507.

t Taylor en "Poisons," 3rd Ed., 661.
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The deaths from alcohol are included by the English registrar-

general under two heads—viz., those returned as dying from

delirium tremens, and those certified as due directly to mtem-

^^In^the twenty-eight years from 1852-1860, the deaths certified

Tinder the head of delirium tremens range from the maximum

number of 612 (in 1865) to the minimum of 273 (m 1879) ;
the

mean of the whole being 399 or nearly 400 yearly. The deaths

from this more acute form of alcoholic poisoning appear to be on

the decrease; for if we take the five years ending 1860, out ol

2,123,479 deaths from all causes, 2,361 are referred to delirium

tremens, or 10-9 per 10,000. But in the five years ending 1880

out of 2,605,552 deaths from all causes; there were only l,^bU

from delirium tremens, or 6-7 per 10,000. On the other hand

deaths certified as directly dependent on intemperance do not

appear to have diminished, the mean number for the twenty-

eight years being 426 yearly, with a minimum of 286 (m ibDO),

and a maximum of 777 (in 1876). While m the five years

endinc^ I860, out of the same number of deaths as before stated,

l,492''died from intemperance, or 7-0 per 10,000 :
in the more

recent period of five years ending 1880, 3,470 died, or 13-4 per

10 000 In Sweden, as well as in Russia, the mortahty from

alcohol is greater than in this country; whilst m^the warmer

climates it becomes insignificant as a cause of death.

§ 133 Criminal or Accidental Alcoholic Poisoning—huicide by

alcohol, in the common acceptation of the term, is rare, and

murder still rarer, though not unknown. Perhaps the most

common cause of fatal acute poisoning by alcohol is either a

foolish wager, by which a man bets that he can drink so many

glasses of spirits without bad efi^ect ; or else the drugging of a

person already drunk by his companions in \^Pf*^^^,Xp1ikp1v
S 134. Fatal Dose.-lt is difiicult to say what would be likely

to prove a lethal dose of alcohol, for a great deal depends without

doubt on the dUution of the spirit, since ^^^^
^^^^^^^^^^^^^J^ %

strong alcohol on the mucous membranes of
^^^.f^^^f'^^'^^^

severe (one may almost say corrosive ,
and would aid the more

demote effects, ^n Maschka's case.t a boy of nine years and a

* « Drunkenness as Modified by Race," - ^^e t'tle of an i-teresU^

»aper by Dr. Druitt, (Med. Times and (7a=., April lo, ' ^ - -)•
sum

Sised with other facts iu the present writer's " Dictionary of Hygiene,.

"^5: E^!:S^-byMaschUa (^"^-^'- ^-^^^£ff'^i^SS^
also Maschka's Handbuch den- OevicM Median ^^^^^ P- : ^
following is a brief summary : -Franz. Z.

f'^^iy^ll^^^.l"^^^^^ ^^r

eight years old, were poisoned by tbcir stepfather ^^.th s^

cent, strengtli taken in small quantities by each-at hrst bj persuasio
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girl of five, died from about two and a half ounces of sjiirit of

67 per cent, strength, or 48'2 cc. (1'7 oz.) of absolute alcohol.

In a case related by Taylor, a child seven years old died from
some quantity of brandy, probably about 113'4 cc. (4 oz.), which
would be equal to at least 56-7 cc. (2 oz.) of absolute alcohol.

Prom other cases in which the quantity of absolute alcohol can
be, with some approximation to the truth, valued, it is evident,

that for any child below ten or twelve, quantities of from 28-3

to 56-6 cc. (1-2 oz.) of absolute alcohol contained in brandy,
gin, (fee, would be a highly dangerous and probably fatal dose

—

while the toxic dose for adults is somewhere between 71-8-
141-7 cc. (2-5-5 oz.)

§ 135. Symptoms.—In the cases of rapid poisoning by a large
close of alcohol, which alone concern us, the preliminary, and too
familiar excitement of the drunkard, may be hardly observable

;

but the second stage, that of depression, rapidly sets in ; the
unhappy victim sinks down to the ground helpless, the face pale,
the eyes injected and staring, the pupils dilated, acting sluggishly
to light, and the skin remarkably cold. Frantzel* found, in a
case in which the patient survived, a temperature of only 24-6°
in the rectum, and in that of another person who died, a tempera-
ture of 23-8°. The mucous membranes are of a peculiar dusky
blue

; the pulse, which at first is quick, soon becomes slow and
small; the respiration is also slowed, intermittent, and stertorous;
there is complete loss of consciousness and motion ; the breath
smells strongly of the alcoholic drink, and if the coma continues
there may be vomiting and involuntary passing of excreta.
Death ultimately occurs through paralysis of the respiratory
centres. Convulsions in adults are rare, in children frequent.
Death has more than once been immediately caused, not by

the remainder administered by force. About one-eighth of a pint is said tohave been given to each child. Both vomited somewhat, then lyino- down
stertorous breathmg at once came on, and they quickly died. The autopsy'
three days after death, showed dilatation of the pupils

; riqor mortis present
in the boy not in the girl ; and the membranes of the brain filled with darknuid Wood, the smell of alcohol was perceptible on openintj the chest
the mucous membrane of the bronchial tubes and gullet was normal bothlungs oedematous, the fine tubes gorged with a bloody frothy fluid and themucous membrane of the whole intestinal canal was reddened. The stomachwas not, unfortunately, examined, being reserved for chemical analysis
J he heart was healthy

;
the pericardium contained some straw-colouredmud. Chemical analysis gave an entirely negative result, which must havebeen from insuthcient material having been submitted to the analyst for Icannot see how the vapours of alcohol could have been detected by the Lmelland yet have evaded chemical processes.

^
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the poison, but by accidents dependent upon loss of consciousness.

Thus food has been sucked into the air-tubes, or the person has

fallen, so that the face was buried in water, ordure, or mud

;

here suffocation has been induced by mechanical causes.

A remarkable course not known with any other narcotic is

that in which the symptoms remit, the person wakes up, as it

were, moves about and does one or more rational acts and then

suddenly dies. In this case also, the death is not directly due

to alcohol, but indirectly—the alcohol having developed oedema,

pneumonia, or other affection of the lungs, which causes the

sudden termination when the first effect of the poison has gone

off. The time that may elapse from the commencement ot coma

till death varies from a few minutes to days; death has occurred

after a quarter of an hour, half an hour, and an hour, it

has also been prolonged to three, four, and six days, during

the whole of which the coma has continued. The average period

may, however, be put at from six to ten hours.

S 136 FosUnortem ^^^earances.—Cadaveric rigidity lasts

tolerably long. Casper has seen it- still existing nine days after

death, and Seidel* seven days (in February). Putrefaction is

retarded in those cases, in which a very large dose has been

taken, but this is not a very noticeable or constant characteristic

The pupils are mostly dilated. The smell of alcohol shoidd be

watched for, but it will only be present m cases where but a

short time has elapsed between the taking of the poison aad

death; putrefactioS may also conceal it. ^^^er favourab e

circumstances, especially if the weather is cold, the

smell may remain a long time. Alcohol may cause the mo t

Siense redness and congestion of the stomach. T^e -o^

inflamed stomach I ever saw, short of inflammation by the

erosive poisons, was that of a sailor, who died suddenly after

a tweXfour hoW drinking bout: all the organs of the body were

fairiy healthy, the man had suffered from no disease
;
analysisS S'fct no poison but alcohol ; and the history of the cas ,

moreover, proved clearly that it was a pure case of alcoholic

^tn a cL related by Taylor, in which a child
^^f^^^^^^^^l

of brandv and died, the mucous membrane of the stomacii

^LentedVtches of intense redness, and in -eral pl^^^^^^^

thickened and softened, some portions being ^'^tual ^ deta^^^^^^^^

and hanging loose, and there were evident signs of extravasations

of bS The effect may not be confined to the stomach>ut

extend to the duodenum and even to the whole intestinal canal.

* Seidel, Maschka's Handbuch, Bd. ii., p. 380.
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The blood is generally dark and fluid, and usually the contents

of the skull are markedly hypertemic, the pia very full of blood,

the sinuses and plexus gorged
;
occasionally, the brain-substance

shows signs of unusual congestion ; serum is often found in the

ventricles. The great veins of the neck, the lungs, and the

right side of the heart, are very often found full of blood, and
the left side empty. CEdema of the lungs also occurs with
tolerable frequency. The great veins of the abdomen are also

filled with blood, and if the coma has been prolonged without
surgical aid, the bladder will be distended with urine. A rare
phenomenon has been also noticed—namely, the occurrence of
blebs on the extremities, &c., just as if the part affected had
been burnt or scalded. Lastly, with the changes directly due
to the fatal dose may be included all those degenerations met
with in the chronic drinker, provided the case had a history of
previous intemperance.

§ 137. Excretion of Alcoliol—AXcohol, in the diluted form, is

quickly absorbed by the blood-vessels of the stomach, &c., and
•circulates in the blood ; but what becomes of it afterwards is by
no means settled. I think there can be little doubt that the
lungs are the main channels through which it is eliminated;
with persons given up to habits of intemperance, the breath has
constantly a very peculiar ethereal odour, probably dependent
upon some highly volatile oxidised product of alcohol.

Alcohol is eliminated in small proportion only by the kidneys.
Thudichum, in an experiment* by which 4,000 grms. of absolute
alcohol were consumed by thirty-three men, could only find in
the collected urine 10 grms. of alcohol. The numerous experi-
ments by Dupre also establish the same truth, that but a
fraction of the total alcohol absorbed is excreted by the kidneys.
According to Lallemand^ Perrin, and Duroy, the content of the
brain in alcohol is more than that of the other organs. I have
found also that the brain after death has a wonderful attraction
for alcohol, and yields it up at a water-heat very slowly and with
difficulty. In one experiment, in which a finely-divided portion
•of brain, which had been soaking in alcohol for many weeks, was
submitted to a steam heat of 100^ twenty-four hours' consecutive
heating failed to expel every trace of spirit.

It is probable that true alcoholates of the chemical con-
stituents of the brain are formed. In the case of vegetable
colloidal bodies, such, for example, as the pulp of cherries a
similar attraction has been observed, the fruit condensing, as
It were, the alcohol in its own tissues, and the outer liquid

W>,
Thudichum's ''Pathology of the Urine," London, 1877, in whichboth his own and Dr. Dupr^'s experiments are summarised.
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being of less alcoholic strength than that which can be expressed

from the steeped cherries. Alcohol is also excreted by the

sweat, and minute fractions have been found in the fseces.

§ 138. Toxicological Detection of Alcohol—{see vol. i., "Foods,"

369-384). The living cells of the body produce minute quantities

of alcohol, and it is''often found in traces in putrefying fluids.

Hence, mere qualitative proofs of the presence of alcohol are

insufficient on which to base an opinion as to whether alcohol

had been taken during life or not, and it will be necessary to

estimate the quantity accurately by some of the processes

detailed in vol i., p. 373, et seq. In those cases m which alcohol

is found in quantity in the stomach, there can, of course, be no

difficulty ; in others, the whole of the alcohol may have been

absorbed, and chemical evidence, unless extremely definite, must

be supplemented by other facts.

2. AMYLIC ALCOHOL.

S 139. Amylic Alcohol—Formula (C5HJ1HO).—There is more

than one amylic alcohol. The amylic alcohols are identical in their

chemical composition, but differ in certain physical properties

normal amylic alcohol boiling at 135°, and iso-aniyl a,lcohol at

from 128-132°. The latter has a specific gravity ot -6148, and is

the variety produced by fermentation and present in fusel oU

S 140 The experiments of Eulenberg * on rabbits, Cross t on

pigeons, Rabuteau t on frogs, and Furst on rabbits, with those of

Dr W B Richardson § on various animals, have shown it to

be a powerful poison, more especially if breathed m a state ot

''%T''llichardson, as the result of his investigations, considers

that amyl alcohol when breathed sets up quite a pecuhar class ot

symptoms which last for many hours, and are of such a character,

that it might be thought impossible for the animal to recover

although they have not yet been known to prove fatal. There

is muscular paralysis with paroxysms of tremu ous coWsions

the spasms are excited by touching the animal, breathing upon

it, or otherwise subjecting it to trifling excitation.

§ 141. Hitherto, neither the impure fusel oil, nor the purer

* Gewerbe Hygiene. 1876, p. 440
_ Sfrisbure.

+ Del'Alcohol Amylique el Mellnjl zur VOrgamsme. Thdse. btrasburg,

^^^\eber die WirMnq des Aelhyl, Bnlyl u. Amyl Alcohols. Union, Nos.

^'§»,-1^5^Ss6»^S. Also, Bril-anai^rei,.

Med. Chir. Rev., Jan. 7, 1867, p. 247.
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chemical preparation has had any toxicological importance.
Should it be necessary at any time to recover small quantities
from organic liquids, the easiest way is to shake the liquid up
with chloroform, which readily dissolves amylic alcohol, and on
evaporation leaves it in a state pure enough to be identified.

Amyl alcohol is identified by the following tests :—(1.) Its
physical properties; (2.) If warmed with twice its volume of
strong sulphuric acid, a rose or red colour is produced

; (3.)
Heated with an acetate and strong sulphuric acid, amyl acetatey
which has the odour of the jargonelle pear, is formed; (4.)
Heated with sulphuric acid and potassic dichromate, valeric
aloehyde is first produced, and then valeric acid is formed ; the-
latter has a most peculiar and strong odour.

§ 142. Amyl Nitrite, (CjsHuNOa).—Boiling point 95"^ to 100°, specific
gravity -877. Amyl nitrite is a limpid, and, generally, slightly yellow
liquid

; it has a peculiar and characteristic odour. On heatin^ with
alcoholic potash, the products are nitrite of potash and amylic alcohol ; the
amylic alcohol may be distilled off and identified. The presence of a nitrite
in the alkaline solution is readily shown by the colour produced, by addin?
a few drops of a solution of meta-phenylene-diamine.

Dr. B. W. Kichardson and others have investigated the action of amvl
nitnte, as weU as that of the acetate and iodide

; they all act in a similar
manner, the nitrite being most potent. After absorption, the effects ofamyl nitrite are especially seen on the heart and circulation ; the heart
acts violently, there is first dilatation of the capillaries, then this is foUowed.
by diminished action of the heart and contraction of the capillaries
Accordmg to Dr. Eichardson, it suspends the animation of frocks. No other

substance known will thus suspend a frog's animation for so° lone a timewithout kilhng It. Under favourable circumstances, the animal willremain apparently dead for many days, and yet recover. Warm-bloodedanimals may be thrown by amylic alcohol into a cataleptic condition Ittnot an anesthetic, and by its use consciousness is not destroyed unless acondition approaching death be first produced. When this occurs there israrely recovery, the animal passes into actual death
Postmortem Appearances. ~li administered quickly, the lunag and allthe other organs are found blanched and free from blood, the ri^ht side of

Sshon ^ *^ l^f* brain being free from co^
,i

administered slowly, the brain is found congested, and there1blood both on the left and right sides of the heart.

I v.—E T H E R.

§ 143. Ether, Ethyhc Ether, Ethyl Oxide, (C2H,),0.-Ethvlic-ether is a highly mobile liquid of peculiar \,4ietmting odourand sweetish pungent taste. It is perfect y colourlessrand
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evaporates so rapidly, that when applied in the form of spray

to the skin, the latter becomes frozen, and is thus deprived ot

'^Puretther has a density of -713, its boiling point is 35°, but

commercial samples, which often contain water (one part of

water is soluble in thirty-five of ether), may have a higher

gravity, and also a higher boiling point. The readiest way

to know whether an ether is anhydrous or not, is to shake it

Z with a Uttle carbon disulphide. If it is hydrous, the mixture

is milky Methylated ether is largely used m commerce; its

disr^reeable odour is due to contamination by methylated com-

pounds : otherwise the ether made from methylated spirit is

ethvlic ether, for methylic ether is a gas which escapes during

Re process Hence the term " methylated" ether is misleading

for it contains no methylic ether, but is essentially a somewhat

'7urSra?"poi.o..-Ether has but Uttle toxicological

importance. There are a few cases of death from its use as an anaes-

thetic and a few cases of suicide. Ether is used by some people

Is a stimulant, but ether drinkers are uncommon. It causes an

StoxicaUon very similar to that of alcohol, but of brief duration^

¥^ a case of chronic ether-taking recorded by Martin * in which

^ woman took daUy doses of ether for the purpose of allaying a

lltrr trouble, the patient suffered from shivering or trem-

fffn' of the hands and feet, muscular weakness cramp in the

1 !c of thP leas pain in the breast and back, intermittent

itXhIs pll Sio'n%ingi.g in the ;0"n«ngs and wak.

an anesthetic, and generally m
^J^^^J^^^V"?^^^^^^^^

^SSStchLl™-' ?n^..%0°2ro/rprri pe^^ed

Virchow'a Jahrtuber., 1S70.
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under ether, the proportion dying from the effects of the ana;sthetic
was only -3 per 10,000 (Morgan), while chloroform gives a highernumber (see p. 135). The mortality in America, again, from amixture of chloroform and ether in 11,000 cases is reckoned at
1-1 per 10,000; but this proportion is rather above some of the
calculations relative to the mortality from pure chloroform, so
that the question can hardly be considered settled Thesymptoms of ether narcosis are very similar to those producedby chloroform The chief point of difference appears to be its
action on the heart. Ether, when first breathed, stimulates theheart s action, and the after-depression that follows never reaches
so high a grade as with chloroform. Ether is said to kill byparalysing the respiration, and in cases which end fatally the

l^tice^^TirV" '''^'^'''^^ W not been

fnr^ L Tlie^osi-morm appearances, as in the case of chloro-lorm, are not characteristic.

+1.! ]^'^-^'f^'''>'^^^^
of Etherfrom Organic Fluids, cfec.-Despitethe low boilmg-pomt of ether, it is by no means easy to separate

iTtPvL f /fi, '''T^ ^^'^^'g " condenser, the tube of the

cork" of a flSk Tntl 'tf"^
^'^^1^ ^^-^^^ P-fo-t^d

t^^st:' The""^*
r-nded tyl'Se'ezin^n.ixtu ofTce

potassic^carbo^atrfor'^trcX^ substituting dry
ting on these principles thli %^!l .

* ^''^^ «P«''^-

approximate state of nSvl ''^^''^ ^^^^^^^^ an
Having thus Stained ^ liquid,

smell r^rb^ S r- •
""^y identified (1.) by its

^tby^ rel;£g'et^^^^^^^^ ^^e'C ^il^ty,^aid

to the vapour. In asb'^s fibre
'

soaked ii"'^ fP^^^^
strong sulphuric acid mrl r,^+.o.- j- i

^ mixture of

vapour passing over the fibre imr^TT; ,
(<»• alcoholic)

acid to chro.S oxic.e,':iSeVrdtSrr::„t,ot^

9
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v.—CHLOROFOEM.

CHLOEOFOEM, TEICHLOEOMETHANE OE METHENYL
CHLOEIDE, (CHCI3).

S 148. Ohloroform appears to liave been discovered indepen-

dently by Soubeyran and Liebig, about 1830. It ^as first

employed in medicine by Simpson, of Edinburgb, as an anesthetic

Pure chloroform has a density of 1-491 at 17 and boils at 60 8

but commercial samples have gravities of from 1 47 to 1491,

It is a colourless liquid, strongly refracting light ; it cannot be

ianited by itself, but, when mixed with alcohol, burns with a

smoky flame edged with green. Its odour is heavy, but rather

pleasant : the taste is sweet and burning. +w^
Chloroform sinks in water, and is only slightly soluble m tha^

fluid (-44 in 100 cc), it is perfectly neutral m reaction, and v^ery

volatile When rubbed on the skin, it should completely

Ivanorate leaving no odour. Pure absolute chloroform gives

Z lvllile miSu?e if mixed with from one to five volumes of

:aot but with any quantity above volumes the™
is clear • it mixes in all proportions with ether. OMorolorm

coagulates albumen, and is an excellent solvent for most organic

Si^cl^tr, caUchouc, amber, opal, a-d all— res-

It dissolves phosphorus and sulphur slightly,—more tree y

iodine and bromine. It floats on hydric sulphate, which only

"Srofot^ not ttequently adulterated or^(^^^^^^^^^^^^

Virftpr term would be) made impure from faulty manulaoture.

TOeTmpuritieTto be so'ught are alcobol, methylated chloroform •

"chloride of ethylene, (03.01,) cblor.de of ethyl, (O H 0,^

* Methylated chloroform is that which
j

pr^^^^^^^^^^^

spirit. It is liable to more ^^J^tndlt has recently been

but of course, its composition is tue same, .uha

manufactured from this source '-Hl-^^ft ^^^^o a bS<^ solution of ammonic

solve, and then filtering the solution.
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The presence of alcohol or ether, or both, may also be discovered by the bichromate test, which is best applied asloliows :—A few milligrammes of potassic bichromate are placed
at the bottom of a test-tube with four or five drops of sulphuric acid, which liberates the chromic acid

; next, a very
little water is added to dissolve the chromic acid; and lastlythe chloroform The whole is now shaken, and allowed toseparate If the chloroform is pure, the mass is hardly tinneda greenish-yellow, and no layer separates. If, however, there isanything like 5 per cent, of alcohol or ether present, the deep

ftTeSoTofThe"~ ^ l^y-

m.t?'«^''
^""^ *° 5"*"'* ^^'"^^^ Chloroform, and also tomake an approximate estimation of its quantity, is to place20 cc^ of chloroform in a burette, and thenVid 80 cc. of waterOn shaking violently, pure chloroform will sink to the bittomin clear globules, and the measurement will be as nearly Spossible the original quantity; but if anything like a percentageof alcoho be present, the chloroform is seen" to be cEiSshed

TJZtXr' I'' r'T- " ^P^^^^^*^-*' climinut™etgcaused by the water dissolving out the alcohol. The adcUtion offfew drops of potash solution destroys the meniscus and aUows

be utini'l 1 The supernatan ' water mlybe utilised for the detection of other immin-fi-pc a^A + T iT*^
sulphuric acid by baric chloride, fTr fre^ ^in^^^^^^^chlorous acid by starch and potassic iodide and for hyd/ocfe
alsnn proposed by Keler salso a delicate reagent for the presence of alcohol in chloro^^^^^^^the sample becoming red in the presence of alcXl and theS

the.f.„, .e. .hS e™^ ieU^i^"f S^ lff,.J^
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ss: I'^'ifr;;eit"^^^^^-

tTZiz:;o:.T^X:\.^^.r ^^^^^^
Aldehyde is recognised by its reducing action on argentic

^IS; the mineral acids by the -ddening of ^^-^ VJ^^
and the appropriate tests. Hypochlorous acid hrst reddens,

^ll'JrTlTordin^^^^^^ manufacturing chloroform is

l^v^lktminc. alcohol with chlorinated lime; but another mode
by distilling alconoi m

^^^^^ ition of chloral hydrate.

5vTstnHnV?t^r" we^^^^ Jl^^^f^^-^^
^

pire chWorm, that, for medicinal purposes, it should super-

sede every other.

POISONOUS EFFECTS OF CHLOROFORM.

1. As a Liquid.

evaporate—as, tor example, uy
„„„p^pa over with some

chloroform 1-^^ ^"^f.^^l^^^^^ soon

Srand CTl^Vrl—tisel, wMle the^^^^.

TamTtime, is reddened and f^XcTZ^S o.,^ it in the

§ 152. Chloroform fff^^"^^^^"^^,'',^^^^^^
wSish colour,

state of vapour,
«^a^««%^\f^/;'norBUScTes and solution of the

owing to destruction of the
^^^jXn'e does not require the

hemoglobin in the plasma, ^^e /;han^^^^^ 4

presentee of atmospheric
sh.^^^^^^^^^

^^a^

phere of hydrogen. It has ^^^en sno j combination
Le chloroform enters in some waj into a state o

^^^^ ^
^ith the blood-corpuscles, for t^^*;,

^'^sma^ s^ treated,

recovered by distillation
; ^^l^^^^^f P

f'^^^X r

1 % tlmiStt^ rtseS lafthe ox gen is

^
firmer coLSSf:itt'the chloroformised blood than usual.



§ 153.] CHLOBOFORM. 133

as shown by its slow extraction by stannous oxide. Muscle,
exposed to chloroform liquid by arterial injection, quickly loses
excitability and becomes rigid. Nerves are first stimulated, and
then their function for the time is annihilated ; but on evapora-
tion of the chloroform, the function is restored.

§ 153. General Effects of the Liquid.—However poisonous in
a state of vapour, chloroform cannot be considered an extremely
active poison when taken into the stomach as a liquid, for
enormous quantities, relatively, have been drunk without fatal
effect. Thus, there is the case recorded by Taylor, in which a
man, who had swallowed 118-4 grms. (4 oz.), walked a con-
siderable distance after taking the dose. He subsequently fell
into a state of coma, with dilated pupils, stertorous breathinc^,
and imperceptible pulse. These symptoms were followed by
convulsions, but the patient recovered in five days.

In a case related by Burkart,* a woman desired to kill herself
with chloroform, and procured for that purpose 50 grms. (a little
more than one ounce and a half) ; she drank some of it, but the
burning taste and the sense of heat in the mouth, throat, and
stomach, prevented her from taking the whole at once. After
a few iQoments, the pain passing off, she essayed to drink the
remainder, and did swallow the greater portion of it, but was
again prevented by the suffering it caused. Finally, she poured
what remained on a cloth, and placing it over her face, soon
sank into a deep narcosis. She was found lying on the bedvery pale, with blue lips, and foaming a little at the mouth

;

the head was rigidly bent backwards, the extremities were lax
the eyes were turned upwards and inwards, the pupils dilatedand inactive, the face and extremities were cold, the body some-what warmer, there was no pulse at the wrist, the carotids beat
leebly, the breathing was deep and rattling, and after five orSIX inspirations ceased. By the aid of artificial respiration, &c.,
sJie recovered m an hour.
A still larger dose has been recovered from in the case of ayoung man aged twenty-three, t who had swallowed no less than

^wl™f (^i^^^^^^s) of chloroform, but yet, in a few hours,awoke from the stupor. He complained of a burning pain in

!nd .i.
^""''"^^S ^^^y from vomiting,

whIlV \ ^"-^ symptoms of jaundice appeared,-a featurewhich has been several times noticed as an effect of chloroform

flp.f^J 1% T
^^^"^ '""^^^ ^^^e been known todestroy life. In a case related by Taylor, a boy, aged four!

* ViertdjaJirsschr. filr Oer. Med., 1876
t Bnt. Med. Journ., 1879.
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swallowed 3-8 grm. (1 drachm) of chloroform and died in three

hours, notwithstanding that every effort was used for his

recovery.

§ 154. The smallest dose that has proved fatal to cm adult is

15 grms. (nearly 4 drachms.)

From twenty-two cases in which the quantity taken had been

ascertained with some degree of accuracy, Falck draws the

following conclusions:—In eight of the cases the dose was

between 4 and 30 grms., and one death resulted from 15 grms.

As for the other fourteen persons, the doses varied from 35 to 380

grms., and eight of these patients died—two after 40, two after

45, one after 60, 90, 120 and 180 grms. respectively. Hence,

under conditions favouring the action of the poison, 15 grms.

(3-8 drachms) may be fatal to an adult, while doses of 40 grms.

(10-3 drachms) and upwards, will almost certainly kill.

§ 155. Symptoms.—The symptoms can be well gathered from

the cases quoted. They commence shortly after the taking of the

poison ;
and, indeed, the local action of the Hquid immediately

causes first a burning sensation, followed by numbness.

Often after a few minutes, precisely as when the vapour is

administered, a peculiar, excited condition supervenes, accom-

panied, it may be, by delirium. The next stage is narcosis, and

the patient Hes with pale face and Uvid lips, &c., as described

at p. 137 ; the end of the scene is often preceded by convulsions.

Sometimes, however, consciousness returns, and the irritation of

the mucous membranes of the gastro-intestinal canal is shown by

bloody vomiting and bloody stools, with considerable pain and

general suffering. In this way, a person may linger several

days after the ingestion of the poison. In a case observed by

Pomeroy, the fatal malady was prolonged for eight days.
_

Among

those who recover, a common scequela, as before mentioned, is

jaundice. • n i a
A third form of symptoms has been occasionally observea,

viz -—the person awakes from the coma, the breathing and pulse

become again natural, and all danger seems to have passed, when

suddenly, after a longer or shorter time, without warning, a

state of general depression and collapse supervenes, and deatli

occurs.

8 156. Post-mortem Appearances.—The postr-mortem- appearances

from a fatal dose of liquid chloroform mainly resolve themselves

•into redness of the mucous membrane of the stomach, thougii

.occasionally, as in Pomeroy's case, there may be an ulceration.

In a case recorded by Hoffman,* a woman, aged thirty, drank

* Lehrbnch der Ger. Medicin, 2te Aufl.
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35 to 40 grms. of chloroform and died within the hour. Almost
the whole of the chloroform taken was found in the stomach, as
a heavy fluid, coloured green, through the bile. The epithelium
of the pharynx, epiglottis, and gullet, was of a dirty colour,
partly detached, whitened, softened, and easily stripped off. The
mucous membrane of the stomach was much altered in colour
and consistence, and, with the duodenum, was covered with a
tenacious grey slime. There was no ecchymosis.

2. The Vapour of Chloroform.

§ 157. Accidents occur far more frequently in the use of
chloroform vapour for anaesthetic purposes than in use of the
liquid.

Statistics.—M.o^t of the cases of death through chloroform-
vapour, are those caused accidentally in surgical and medical
practice. A smaller number are suicidal, while for criminal
purposes, its use is extremely infrequent.
The percentage of deaths caused by chloroform administered

during operations, is unaccountably different in different years
times, and places. The diversity of opinion on the subiect is
partly (though not entirely) explicable, by the degrees of purity
in the ansesthetic administered, the different modes of administra-
tion, the varying lengths of time of the anaesthesia, and the
varying severity of the operations.

-^n nn?''^
the Crimean war, according to Baudens and Quesnoy,

^0,000 operations were done under chloroform, but only onedeath occurred attributable to the anissthetic. Sansom* putsthe average mortality at -75 per 10,000, l^ussbaum at 1-3,Hichardson at 2-8t MorganJ at 3-4. In the American war o

f

is 6y?eV"lO OOo'°.T?Pl'"?"^'
'^^^^^ "^^^ deaths-that

IS 6 3 per 10,000, the highest number on a large scale whichappears to be on record. ° wmon

§158. Sidcidal and Criminal Poisoning hy Chloroform—Suicidal poisoning by chloroform will generally be indicked bythe surrounding circumstances; and in^no case^hitherto reportedhas there been any difficulty or obscurity as to whether the

T?S.:Z:^t'^t^'r'- An-ter^estingcase"doy pcnauenstein,§ m which a physician resolved to commi-f-suicide by chloroform, a commencix^g amaurosis hav^g p^yed

+ liS?^
7°^°™

i'!,^'^*'"^'
London, 1865.t Med. Times and Gazette, 1870.

t Med. Soc. of Virqinia, 1872.

§
Ma«chka: Handbuch der Oerichtlich. Medicin, p. 787. Tubingen. 1882.
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upon his mind, and his choice having been determined by

witnessing an accidental death by this agent. He accordingly

plugged his nostrils, fitted on to the face an appropriate mask,

and fastened it by strips of adhesive plaster. In such an instance,

there could be no doubt of the suicidal intent, and the question

of accident would be entirely out of the question.

A dentist in Potsdam,* in a state of great mental depression

from embarrassed circumstances, killed his wife, himself, and

two children by chloroform. Such crimes are fortunately very

rare

There is a vulgar idea that it is possible, by holding a cloth

saturated with chloroform to the mouth of a sleeping person

(or one, indeed, perfectly awake), to produce sudden insensibility;

but such an occurrence is against all experimental and clinical

evidence. It is true that a nervous person might, under such

circumstances, faint and become insensible by mere nervous

shock ; but a true sudden narcosis is impossible.

Dolbeau has made some interesting experiments in order to

ascertain whether under any circumstances a sleeping person

might be antesthetised. The main result appears to answer the

question in the affirmative, at least with certain persons ;
but

even with these, it can only be done by using the greatest skill

and care, first allowing the sleeper to breathe very dilute chloro-

form-vapour, and then gradually exliibiting stronger doses, and

taking the cloth or inhaler away on the slightest symptom of

approaching wakefulness. In 75 per cent, of the cases, however, the

individuals awoke almost immediately on being exposed to the

vapour. This cautious and scientific narcosis, then, is not likely

to be used by the criminal class, or, if used, to be successful.

§ 159. Symptoms.—T\ierQ is but little outward diflerence

between man and animals, in regard to the symptoms caused by

breathing chloroform ; in the former we have the advantage that

the sensations preceding narcosis can be described by the

individual.
. , , .

,

The action of chloroform is usually divided into three more

or less distinct stages. In the>s< there is a "drunken" condition,

changes in the sense of smell and taste, and it may be halluci-

nations of vision and hearing; there are also often curious

creeping sensations about the skin, and sometimes excessive

muscular action, causing violent struggles. I have also seen

epileptiform convulsions, and delirium is almost always present.

The face during this stage is generally flushed, covered witJi

perspiration, and the pupils contracted. The farst stage may

* Casper : Handbuch der Ger. Med.
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last from one minute to several, and passes into the second stage,

or that of depression. Spontaneous movements cease, sensibility

to all external stimuli vanishes, the patient falls into a deep
sleep, the consciousness is entirely lost, and reflex movements
are more and more annihilated. The temperature is less than
normal, the respirations are slow, and the pulse is full and slow.
The pupils in this stage are usually dilated, all the muscles are
relaxed, and the limbs can be bent about in any direction.
If now the inhalation of chloroform is intermitted, the patient
wakes within a period which is usually from twenty to forty
minutes, but may be several hours, after the last inhalation.
The third stage is that of paralysis ; the pulse becomes irregular,

the respirations superficial, there is a cyanotic colouring of the
lips and skin, while the pupils become widely dilated. Deatk
follows quickly through paralysis of the heart or respiratory
centres.

According to Sansom's facts,* in 100 cases of death by
chloroform, 44-6 per cent, occurred before the full narcosis had
been attained, that is in the first stage, 34-7 during the second
stage, and 20-6 shortly after. So, also, Kappeler has recorded
that in 101 cases of death from chloroform, 477 per cent,
occurred before the full efi^ect, and 52-2 during the full effect.
This confirms the dictum of - Billroth, that in all stages of
antesthesia by chloroform, death may occur. The quantity of
chloroform, which, when inhaled in a given time, will produce
death, is unknown, for all depends upon the greater or less
admixture of air, and probably on other conditions. It has
been laid down, that the inhalation of chloroform should be so
managed as to insure that the air breathed shall never contain more
than 3-9 per cent, of chloroform. Fifteen drops have caused death,
but laylor^on the other hand, records a case of tetanus, treated

^oo K
-tLospital, m which no less a quantity than 700 grms.

K^/l ^^-)y^^^ inlialed in twenty-four hours. Frequent breathing
ot chloroform m no way renders the individual safe from fatal
accident. A ladyf having repeatedly taken chloroform, was
anaesthetised by the same agent merely for the purpose of
having a tooth extracted. About 6 grms. (1-5 drmf) were
poured on a cloth, and after nine to ten inspirations, dangerous
symptoms began—rattling breathing and convulsive movements—and, despite all remedies, she died.
§160. Chronic chloroform poisoning is not unknown. Itleads to various ailments, and seems to have been in one or twoinstances the cause of insanity.

* Op. cU. + Ellin. Med. Jouri,., 1855.
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Bucliner records the case of an opium-eater, who afterwards

took to chloroform ; he suffered from periodic mania. In a

remarkable case related by Meric, the patient, who had also

first been a morphine eater, took 350 grms. of chloroform in

five days by inhalation; as often as he woke he would chloro-

form himself again to sleep. In this case, there was also

mental disturbance, and instances in which chloroform produced

marked mental aberration are recorded by Bohm * and by
Vigla.t

§ 161. Post-Morterti Api^earances.—The lesions found on section

are neither peculiar to, nor characteristic of, chloroform poisoning.

It has been noted that bubbles of gas are, from time to time,

to be observed after death in the blood of those poisoned by

chloroform, but it is doubtful whether the bubbles are not

merely those to be found in any other corpse—in 189 cases,

only eighteen times were these gas-bubbles observed, f so that,

even if they are characteristic, the chances in a given case

that they will not be seen are greater than the reverse. The
smell of chloroform may be present, but has been noticed very

seldom.

§ 162. The Detection and Estimation of Chloroform from organic

substances is not diificult, its low boiling point causing it to

distil readily. Accordingly (whatever may be the ultimate

modifications, as suggested by difierent experimenters) the first

step is to bring the substances, unless fluid, into a pulp with

water, and submit this pulp to distillation by the heat_ of a

water-bath. If the liquid operated upon possesses no particular

odour, the chloroform may in this way be recognised in the

distillate, which, if necessary, may be redistilled in the same

manner, so as to concentrate the volatile matters in a small

compass.
There are four chief tests for the identification of chloroform :

—

(1.) The final distillate is tested with a little aniline, and an

alcoholic solution of soda lye; either immediately, or upon gently

warming the liquid, there is a peculiar and penetrating odour of

benzo-iso-nitrile (O7II5N). Chloral, trichloracetic acid, bromoform

and idoform also give the same reaction; on the other hand,

cthylidene chloride does not yield undef these circumstances

any isonitile.

(2.) Chloroform reduces Fehling's alkaline copper solution,

when applied to a distillate, thus excluding a host of more

fixed bodies which have the same reaction, it is a very ex-

* Ziemssen's Handbucli. Bd. 15.

+ Med. Times, 1855.

X Schauenstein, (Op. cil.)
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cellent test, and may be made quantitative. The reaction is as
follows :

—

CHCI3 +5KH0 + 2CuO CuoO + K2CO3 + 3KC1 + SHgO

thus, every 100 parts of cuprous oxide equals 88-56 of chloro-
form.

(3.) The fluid to be tested (which, if acid, should be neutralised),
is distilled in a slow current of hydrogen, and the vapour
conducted through a short bit of red-hot combustion-tube con-
taining platinum gauze. . Under these circumstances, the chlo-
roform is decomposed and hydrochloric acid formed

;
hence, the

issuing vapour has an acid reaction to test paper, and if led
into a solution of silver nitrate, gives the usual precipitate of
argentic chloride. Every 100 parts of silver chloride equal
27-758 of chloroform.

(4.) The fluid is mixed with a little thymol and potash; if
chloroform be present, a reddish-violet colour is developed,
becoming more distinct on the application of heat.*

§ 163. For the quantitative estimation of chloroform the
method recommended by Schmiedebergf is, however, the bestA combustion-tube of 24 to 26 cm. long, and 10 to 12 mm in
diameter, open at both ends, and made of glass fusible with
difliculty, IS furnished at the one end with a plug of asbestos
-while the middle part, to within 5-6 cm. of the other end, isMled with pieces of caustic lime, from the size of a lentil to that
ot Halt a pea. The lime must be pure, and is made from heating
a carbonate which has been precipitated from calcic nitrate. The
other end of the tube is closed by a cork, carrying a silver tube,
16-18 cm long, and 4 mm. thick. The end containing the
asbestos plug IS fitted by a cork to a glass tube. The combus-

fi°r.^ A fl
Pf^P^^ed is placed in the ordinary combustion-

lurnace
;
the flask containing the chloroform is adapted, and the

distillation slowly proceeded with. It is best to add a tubebent at right angles and going to the bottom of the flask, to drawair continuously through the apparatus. During the wholeprocess, the tube containing the lime is kept at a red heat. The

tme tZ '^r^'P^f J*' T.^
chlorine combines with the

1 me i. o t 7fr ^^"^^ ^i*^^ '^^^l^ unchangedlime IS, at the end of the operation, cooled, dissolved in dilutenitric acid, and precipitated with silver nitrate. Any silver

1882^" Deutsch-AmeriJcan. Apoth.-ZeUunff, vol. iij., Aug. 15,

DiLS! DotpanS'"' CMoroforus im Blute. Inaug!
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chloride is collected and weighed and calculated into chloro-

form.*

VI.—OTHER ANESTHETICS.

§ 164. When chlorine acts upon marsh-gas, the hydrogen can

he displaced atom by atom; and from the original methane (CH^)

can be successively obtained chloromethane or methyl chloride

(CHgCl), dichloromethane, or methene dichloride, methylene

dichioride, (GHgOla), trichloromethane or chloroform, (OHOI3),

already described, and carbon tertrachloride (OCl^). All these

are, more or less, capable of producing anaesthesia; but

none of them, save chloroform, are of any toxicological import-

Methene dichloride, recommended by Dr. W. B. Richardson

as an anjesthetic, has come somewhat into use. It is a colourless,

very volatile liquid, of specific gravity 1-360, and boiling at 41 .

It burns with a smoky flame, and dissolves iodme with a brown

S°T65. Paraldehyde {O^U^P^) is a colourless fluid, boiling at

124'
;
specific gravity -998 at 15°. By the action of cold it may

be obtained in crystals, the melting point of which is 10-5 .
it

is soluble in eight parts of water at 13° ; in warm water it is

less soluble ;
hence, on warming a solution, it becomes turbid.

Paraldehyde acts very similarly to chloral ; it causes a deep

sleep, and (judging by experiments on animals) produces no

convulsive movements. Possibly it is less dangerous than

chloral, and might supplant the latter as a remedy, (bee a

paper in the Archiv fur Exper. Pathol, u. PharmakoL, I.eips.,

1882).

>
S. Vidali has made the inoenious suggestion of developin^^^^^^^

the usual wav by means of zinc and sulphuric acid, in the hqmd supposed

o coi ch'lUirm, to ignite the hydrogen as in Marsh's test whe^^^^

issues from the tube, and then to hold m the ilame a clean ^P^^ w^-

Since any chloroform is burnt up in the hydrogen ^^^P^ *°J;yX°^^^^^^
acid, the chloride of copper immediately volatihses and colours the flame

green.
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VII.—CHLORAL.

§ 166. Chloral Hydrate (OgHgClgOo) is made by mixing
equivalent quantities of anhydrous chloral* and water. The
jDurest chloral is in the form of small, granular, sugar-like
crystals ; when less pure, the crystals are larger. These melt
into a clear fluid at from 48° to 49°, and the melted mass solidifies

again at a little below 50°. Chloral boils at 97'5°; it is not very
soluble in cold chloroform, requiring four times its weight. The
only substance with which chloral hydrate may well be confused
is chloral alcoholate (C^H^ClgOg), but chloral alcoholate melts at
a lower temperature (45°), and boils at a higher (113-5°) ; it is

easily soluble in cold chloroform, and inflames readily, whereas
chloral scarcely burns.

Chloral hydrate completely volatilises, and can be distilled in
a vacuum without change. If, however, boiled in air, it
undergoes slow decomposition, the first portions of the distillate
being overhydrated, the last underhydrated ; the boiling point,
therefore, undergoes a continuous rise. The amount of hydration
of a commercial sample is of practical importance ; if too much
water is present, the chloral deliquesces, especially in warm
weather

;
if too little, it may become acid, and in part insoluble

from the formation of meta-chloral (O6H3CI9O3). Chloral hydrate,
by the action of the volatile or fixed alkalies, is decomposed, an
alkaline formiate and chloroform resulting thus

CsHClaO.HaO +NaHO = KCH02 + H2O + CHCI3.

Trichlor-acetic acid is decomposed in a similar mariner.
It is, of course, obvious that after splitting up chloral into

chloroform, the latter can be detected by distillation and applying
the tests given at p. 138 and seq. Chloral hydrate is soluble in
one and a half times its weight of water ; the solution should
be perfectly neutral to litmus. It is also soluble in ether, in
alcohol, and m carbon disulphide. There should be no cloudinesswhen a solution is tested with silver nitrate in the cold • if
however, to a boilmg solution nitrate of silver and a littleammonia are added, there is a mirror of reduced silver

§ 167. The assay of chloral hydrate in solutions is best
efi-ected by distilling the solution with slaked lime, the distillate
IS received m water contained in a graduated tube kept at a low

at ^IS-tfirat'S""'^ i??^?,^^)' f of specific gravity 1 -502

lolute aSol.
' • " l'^°l°"Sed Action of cMorine oa
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temperature. The chloroform sinks to the bottom and is directly-

read off; the number of cc. multiplied by 2-064 equals the

weight of the chloral hydrate present.

Another method, accurate but only applicable to the fairly

pure substance, is to dissolve 1 to 2 grms. in water, remove any
free acid by baric carbonate, and
then treat the liquid thus purified

by a known volume of standard

soda. The soda is now titrated

back, using litmus as an indicator,

each cc. of normal alkali neutralised

by the sample corresponds to 1,655

, grms. of chloral hydrate. Small

quantities of chloral hydrate may
be conveniently recovered from

complex liquids by shaking them

up with ether, and removing the

ethereal layer, in the tube repre-

sented in fig. 10. The ether must

be allowed to evaporate spontane-

ously; but there is in this way
much loss of chloral. The best

method of estimating minute quan-

tities is to alkalise the liquid, and

slowly distil the vapour through

a red-hot combustion tube charged

with pure lime, as in the process

described at p. 139.

§ 168. Effects of Chloral Hydrate

on Animals. — Experiments on

animals have taught us all that is

known of the physiological action

of chloral. It has been shown

that the drug influences very

considerably the circulation, at first exciting the heart's

action, and then paralysing the automatic centre. Ihe heart,

as in animals poisoned by atropine, stops m diastole, and the

blood-pressure sinks in proportion to the progressive paralysis

* The figure is from vol. i., "Foods,'; p. 69, the description °;ay l^ejie^e

repeated A is a tube of any dimensions most convenient to tl^e ana yst

Ordinary burette size will perhaps be the most suitable for routine work the

tube is furnished with a stopcock and is bent at B, the tube at ^ b^^^^S
f ^^^y

small but not quite capillary bore. The lower end is ^^^^ ^^d to a length

of pressure-tubing, and is connected with a small reservoir of mercury

moving up and down by means of a pulley To use the aivparatus :
FiU^e

tube with mercury by opening the clamp at H, and the stopcock at U, ana

Fis. 10.*
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of the cardiac centre. At the same time, the respiration is
slowed and finally ceases, while the heart continues to beat.
The body temperature of the warm-blooded animals is very
remarkably depressed, according to Falck, even to 7-6°. Vomit-
ing has been rather frequently observed with dogs and cats,
even when the drug has been taken into the system by subcu-
taneous injection.

The secretion of milk, according to Rbhrig, is also diminished.
Eeflex actions through small doses are intensified; throuo-h
large, much diminished. -OSS-'OS grm. (•i--? grain), injected
subcutaneously into frogs, causes a slowing of the respiration,
a diminution of reflex excitability, and lastly, its complete
cessation; this condition lasts several hours; at length the
ammal returns to its normal state. If the dose is raised to
•1 grm. (1-5 grain) after the cessation of reflex movements, the
heart -IS paralysed—and a paralysis not due to any central
action of the vagus, but to a direct action on the cardiac
ganglia. Rabbits of the ordinary weight of 2 kilos, are fully
narcotised by the subcutaneous injection of 1 grm • the sleep
IS very profound, and lasts several hours ; the animal wakes up
spontaneously, and is apparently none the worse. If 2 grms
are administered, the narcotic effects, rapidly developed! aremuch prolonged. There is a remarkable diminution of tem-
perature, and the animal dies, the respiration ceasing without
convulsion or other sign. Moderate-sized dogs require 6 grms
for a full narcosis, and the symptoms are similar; they alsowake after many hours, m apparent good health. *

§ 169. Liebreich considered that the action of chloral was dueto Its being broken up by the alkali of the blood, and the system

worked in through the ^^eL wt^^^^^^^ T'^W mass

solvents (such as chloroform) which TnN f!, +i
/^\^*i^l^tion- ^or heavy

with a fine exit tube is SSbTe but for ^1.S' ^""^^T' ^ "™P^° ^^^rette
&c., the apparatus figx^rK^^^^^^^

ether, ordinary ether,

(2.)
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being thus brought into a state precisely similar to its condition

when anresthetised by chloroform-vapour. This view has, how-

ever, been proved to be erroneous. Chloral hydrate can, it is

true, be decomposed in some degree by the blood at 40°
; but the

action must be prolonged for several hours. A 1 per cent,

solution of alkali does not decompose chloral at a blood-heat

in the time within which chloral acts in the body ;
and since

narcotic effects are commonly observed when, in the fatty group,

hydroo-en has been displaced by chlorine, it is more probable

that chloral hydrate is absorbed and circulates in the blood as

such, and is not broken up into chloroform and an alkaline

^ no' Effects of Chloral Hydrate on ilfan.—Since the year

1869, in which chloral was first introduced to medicine, it has

been' the cause of a number of accidental and other cases of

poisoning. I find, up to the present time, recorded m medical

literature, thirty-one cases of poisoning by chloral hydrate.

This number is a small proportion only of the actual number

dying from this cause. In nearly all the cases, the poison was

taken by the mouth, but in one instance the patient died m
three hours, after having injected into the rectum 5-86 grms.

of chloral hydrate. There is also on record a case in which, tor

the purpose of producing surgical anaesthesia, 6 grms. oi chloral

were iniected into the veins ; the man died in as many minutes

S 171- Fatal Dose.—It is impossible to state with any exact-

ness the precise quantity of chloral which may cause death

Children bear it better, in proportion, than adults, while old

persons, (especially those with weak hearts, and those inclined

to apoplexy) are likely to be strongly affected by very small

doses. A dose of -19 grm. (3 grains) has been fatal to a child

a year old in ten hours. On the other hand, according to

Bouchut's observations on 10,000 children, he considers that

* This danc^erous practice was introduced by M Ore. In a case 'of

trauma c tetanus, in which M. Ore injected
*^^,?-^J.ffa ti^

ohloral in 10 erms. of water, there was profound insensibility lasting

Sven h^urs during which time a painful operation on the thumb was

peXmS^Th: nelt day 10 grms. ^-^^^^

^f'^^^S'Si^:^^^^^
lasted ei<^ht hours : and 9 grms. were injected on each of the two loi^i^win

!uvs The man recovered: In another case, Ore anaesthetised immediately

1^Sieufb^nS the subcutaneous needle ^l^^^T^^^f^^^^^ "^^S
vein and iniected 10 grms. of chloral hydrate with 30 ot water j-u

Snt became insensifle before the whole quantity was ^Jectedj^h

^'une immobilM rappellant celle dn caclavre: On
^'^^^.^^'^S^f^^^^X^^^^

the patient was roused immediately by ^^^^ applicatmn of j^n ele^^^^

current, one pole on the left side of the neck, the other on the epigastrium.

Journ. de Pharm. el de Chimie., t. 19, p. 314.
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the full therapeutic effect of chloral can be obtained safely with
them in the following ratio :

—

Children of 1 to 3 years, dose 1 to 1-5 grm. (1 5 "4 to 23-1 grain )

3 „ 5 „ 2 „ 3 „ (30-8 „ 46-3 „
')

Ti " r", " (46-3 ,,61-7
lliese quantities bemg dissolved m 100 cc. of water.

These closes are certainly too high, and it would be dangerous
to take them as a guide, since death has occurred in a child
aged five, from a dose of 3 grm. (46-3 grains). Medical men iil
England consider 20 grains a very full dose for a child of four
years old and 50 for an adult, while a case is recorded in which
a dose of 1-9 grm. (30 grains) proved fatal in thirty-five hours
to a young lady aged twenty. On the other hand, we find acase* m which, to a patient suffering from epileptic mania, a

iZll F"""- P "'-V^
'^.^"^'"^ ^y^^^^*^ administered

;

ttJv ^ ^''P '^'"P fi^^ Subcutaneous

fX 1, ^PP^^^^' sleeping forforty-eight hours, there was recovery. On the third day avivid scarlatinal rash appeared, followed by desquamation. Theexamples quoted-the fatal dose of 1-9 grm., and recovery from
31 grms.-are the two extremes for adults. Prom other case?It appears tolerably plain that most people wouW recoverespecially with appropriate treatment, from a%ingle dose unde;8 grms but anything above that quantity taken aroLwwould be very dangerous, and doses of 10 grms and aboTalmost always fatal. If, however 8 arm« + i

eigkt to ten hou^ two ZtL l ^'Tk
''""VO^^'^o^y. Uved from

veV shortly aftor^o^atl0^0? fhTc^Crjif
^'

''ttcase, related by Brown, in which S •! 9 Lr^ i? i ,

"

patient lived an hour • ancUnt^ntl ^ T ^^'^

recorded by Jolly,Sh toU .V^^*""
^ ^ S^ms.,

no symptoms, save a drowsine.f • Poetically
folWcfby h^avy sle^p'^^^^rdosTupT?^mW^^ -^tthe hypnotic state is perfectly under ihl oti T .

grams),
an. .f the pe.on choos^, to

:°;™-;f, .t/^^I^'i,
* CJdcago Medical Rmiew, 1882.

10
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tion, he can ward off sleep ; but with those doses which lead to

danc^er, the narcosis is completely uncontrollable, the appearance

of the sleeper is often strikingly like that of a drunken person.

There is great diminution of temperature commencing m Irom

five to twenty minutes after taking the dose—occasionally sleep

is preceded by a delirious state. During the deep slumber the

face is much flushed, and in a few cases the sleep passes directly

into death without any marked change. In others, symptoms

of collapse appear, and the patient sinks through exhaustion.

S 173 With some persons doses, which, m themselves, are

insufiicient to cause death, yet have a peculiar effect on the

mental faculties. A case of great medico-legal interest is

described by the patient himself. Dr. Manjot.* He took in

three doses, hourly! 12 grms. of chloral hydrate After the first

dose the pain, for which he had recourse to chloral, vanished

,

but, Manfot, although he had all the appearance of being per-

fectly conscious, yet had not the slightest knowledge of what

he wis doing o; 'speaking. He took the other two dose«, and

sank into a deep sleep which lasted twelve hours He then

awoke and answered questions with difficulty bu could not

move • he lay for the next twelve hours m a half-slumber, and

the following night slept soundly—to wake up recovered.^

8 174 The treatment of acute chloral poisoning which has

been most successful is that by strychnine injections, and the

application of warmth to counteract the loss of temperatuie

which is so constant a phenomenon. As an illustration of the

Sment by strychnine, an interesting case recorded by

IfthStT-fi^V^^^^^^^^^ took at one dose, for the purpose

oftuS, 24 g^s. of chloral hydrate. In half an hour after-

IrThe'was found in a deep sleep, with A-f- face, s.^en

veTns and a pulse 160 in the minute. After a further haK-hour,

Ihrc;Zstlon of the head was still more striking; the tempera-

ture wafSs" ; the pulse hard and bounding 92; the breathmg

Inhnured at times intermittent. , , . • -4-^ r.e

iSc'ial respiration was at once commenced, but m spite of

this tn about another half-hour, the face became dead y pale
tnis, 111 d-juu

contracted, and tlie

the temperature sank to 3^ J

^

ine^ p P
strychnine

pulse was scarcely to be felt , 6 mgrms.
|
v±

, Minic con-
were now injected subcutaneously ;

tins caused ^e^^^f ^^^'^^

vulsions in the upper part of the body
XTtZjZ.vo vose

action again became somewhat stronger, the t^™?^'^^^''';
J"..

TUP, and the pupils dilated; but soon followed, again,

* Oaz. lies Hop., 1815.

t Via-teljahrsschr. f. Gcr. Med., Bd. xx., 1874.
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depression of tlic heart's action, and the respiration could only
be kept going by faradisation. Two mgrms. (-03 grain) of
strychnine were once more injected, and the heart's action
improved. During the succeeding six hours the respiration had
to be assisted by faradisation. The temperature gradually rose
to 36-5°; ten hours after taking the dose the patient lay in a
deep sleep, breathing spontaneously and reacting to external
stimuh with a temperature of 38-5°. Eighteen hours from the
commencement, the respiration again became irregular and the
galvanic current was anew applied. The last application aroused
the sleeper, he took some milk and again slept; after twenty-seven
hours he could be awakened by calling, &c., but had not full
consciousness

;
he again took some milk and sank to sleep Itwas not until thirty-two hours had elapsed from the ingestiono^the poison that he awoke spontaneously ; there were no after

§ 1/5. Gliromc Poisomng by Chloral Hydrate.-An enormous
J^^^it^^lly chloral hydrate. The history

ot the habit is usually that some physician has given them achloral prescription for neuralgia, fo^ loss of sleep, or other

"marLf T- '""'^r ^"^"J"^^ ^^^^P' -<^^ loss(It may be) of suffering whenever they choose, they -o onrepeating it from day to day until it becomes a necessit/ of^he^r
existence. A dangerous facility to chloral-drinking Ts theexistence of patent medicines, advertised as sleep-produceS and

Z^'ZlSfim V'v t'->--li-*- A lLVage7tLty'-uve ciiea in lS7b, at Exeter, from an overdn^ip nf ?' TT„v,+ >

and a want of co-orcSSaWS^mtcS convulsions,

In a case recorded by Rusharx ] + J^UA \^^^

n^entbychloralhydraS^fofS'ltl
r^^^^^grams), suffered from a scarlatina-like rash wS'i«' Inby desquamation (see also ante, p. 145). Amonftri^sln^^

I IS^VTsrf 1876.
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has also been noticed that its use has been followed by nettle-

rash and petechiae (Reimer and others).

8 176 The exact manner in which chloral leaves the body is

not sufficiently worked out; a small part i^/^.^^^*,^^
^^t"''^;

posed, and, according to Musculus and Mermg* a part

excreted in the form of uro-chlora acid. Th s acid occurs

in colourless £?roups of needles similar to tyrosm. iiiey are

TolubtTn alcohol,'in etber-alcohol, and iri water^^^^^^^^^^^

in ether They turn a ray of polarised light to the left, reduce

sUver so utions on boiling, and colour yellow an indigo solution

aiahsed b7soda. They do not respond to the aniline and soda

%i^^s}varation of Chloralfro.^ Orya^nc

most convenient to place the organic
^-f

mixed with water, in a retort, to acidify with tartaric or

Siphoric acid, and to distil; in this way, the e^P^^*J.f ^^^f^Sse chloral with chloroform, for any chloroform wdl pass

over, and can be identified by the tests given at p. 13&-9, and the

rhloral hvdrate, if present, will remain undecomposed On now

mS the contends of the retort strongly alkahne, the^cUoral

S decomposed, and any chloroform derived from ?^ ^7^;
If tracTonly are likely to be present (as in operating on the

i nod or urhie^ then the distillate should not be condensed, but
biood or uiiiit;;, oucix ^

, , , iqq r ifi^ T have nothing
dealt with as recommended at p. 139, ^ Ib^. x na^e o

of value to add with regard to the tests already enumerated,

1: that 5r. Frank bgston J has recom-e-led s^phid

nf ammonium to be added to any liquid as a ^st toi

The contents of the stomach are filtered or submitted

Cth lO mSms. ot chloral in 1 oc. of water, there is an e^dent

2ur-, o/on, hut r^-;^^:, TSr.

is a light white precipitate of sulphur.

Ber. d. Cham. Ges., 8\Band. ^, jjft j s. 268.

t VierteljaJirsschri/tf. Garichtl. Medtcm, 1879. Bd. xxx., nii. i,
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VIII.—BISULPHIDE OF CAEBON.

§ 1 78. Bisulphide of carbon

—

carbon disulphicle, ca/rhon sulphide

(OS,)—is a colourless, volatile fluid, strongly refracting light.

Commercial samples have a most repulsive and penetrating
odour, but chemically-pure carbon sulphide has a smell which
is not disagreeable. The boiling point is 47°; the specific

gravity at 0-° is 1-293. It is very inflammable, burning with a
blue flame, and evolving sulphur dioxide ; is little soluble in
water, but mixes easily with alcohol or ether. Bisulphide of
carbon, on account of its solvent powers for sulphur, phosphorus
oils, resins, caoutchouc, gutta-percha, &c., is in great request in
certain industries. It is also utilised for disinfecting purposes,
the liquid being burnt in a lamp.

§ 179. Poisoning ly Carbon Bisulphide.—In spite of the cheap-
ness and numerous applications of this liquid, poisoning is very
rare. There appears to be a case on record of attempted
self-destruction by this agent, in which a man took 2 ounces
(56-7 cc.) of the liquid, but without a fatal result. The symp-
toms in this case were pallor of the face, wide pupils, frequent
and weak pulse, lessened bodily temperature, and spasmodic
convulsions. Carbon disulphide was detected in the breath by
leading the expired air through an alcoholic solution of tri-ethyl-
phosphm, with which it struck a red colour. It could also be
found m the urine in the same way. An intense burning in
the throat, giddiness, and headache lasted for several days
Experiments on animals have been frequent, and it is found to
be fatal to all forms of animal life. There is, indeed, no more
convenient agent for the destruction of various noxious insects,
such as moths, the weevils in biscuits, the common bug, &c.,
than bisulphide of carbon. It has also been recommended for
use in exterminating mice and rats.*

§ 180 Difl-erent animals show varying degrees of sensitive-
ness to the vapour

;
frogs and cats being less affected by it than

birds, rabbits, and guinea-pigs. The action on animals seems tohave great similarity to that of chloroform. There is complete
anaesthesia of the whole body, and death occurs through paralysis
of^the respiratory centre, but artificial respiration fails to restore

§ 181. Chronic Poisonim,.—Of some importance is the chronicpoisoning by carbon disulphide, occasionally met with in maT
* CloSz, Com.pt. Rend., C3 Bd. 85,
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factures necessitating the daily use of large quantities for dis-

solving caoutchouc, &c. When taken thus in the form of vapour

daily for some time, it gives rise to a complex series of symp-

toms which may be divided into two principal stages—viz., a

stage of excitement, and one of depression. In the first phase,

there is a more or less permanent headache, with considerable

indigestion, and its attendant loss of appetite, nausea, &c. The

sensitiveness of the skin is also heightened, and there are

curious sensations of creeping, &c. The mind at the same time

in some degree suffers, the temper becomes irritable, and singing

in the ears and noises in the head have been noticed. In one

factory a workman suffered from an acute mania, which sub-

sided in two days upon removing him from the noxious vapour

(Eulenberg). The sleep is disturbed by dreams, and, according

to Delpech,* there is considerable sexual excitement, but this

statement has been in no way confirmed. Pains in the limbs

are a constant phenomenon, and the French observers have

noticed spasmodic contractions of certain groups of muscles.

The stage of depression begins with a more or less pronounced

antesthesia of the skin. This is not confined to the outer skin,

but also affects the mucous membranes ;
patients complain that

they feel as if the tongue were covered with a cloth. The an-

sesthesia is very general. In a case recorded by Bernhardt,!

a girl, twenty-two years old, who had worked six weeks in a

caoutchouc factory, sufi"ered from mental weakness and digestive

troubles; there was aneesthesia and algesis of the whole skin.

In these advanced cases the mental debility is very pronounced,

and there is also weakness of the muscular system. Paralysis

of the lower limbs has been noted, and in one instance a man

had his right hand paralysed for two months. It seems uncer-

tain how long a person is likely to suffer from the efltects of the

vapour after he is removed from its influence. If the first stage

of poisoning only is experienced, then recovery is generally

rapid ; but if mental and muscular weakness and ansesthesia of

the skin have been developed, a year has been known to elapse

without any considerable improvement, and permanent injury

to the health may be feared.

§ 182. Posi!-mor<em .4jopearances.—The pathological appearances

found after sudden death from disulphide of carbon are but little

different to those found after fatal chloroform breathing.

§ 183. Detection aoid Separation of Carbon Disulphide.—IhG

extreme volatility of the liquid renders it easy to separate it

* Mimoh-e sur Ics Accidents que. developpe chez les oumeres en caoutchouc

du mlfure de carb. en vapeur. Paris, 1865.

+ Ber. Klin. Wochenschrift, No. 32, 1866.
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from organic liquids by distillation. If it is necessary to make a
quantitative estimation, then the organic or other liquid must be
distilled with all the precautions described at page 129 when
speaking of ether. Carbon disulphide is identified (1.) by its

odour
; (2.) by its boiling point

; (3.) by its action on an alcoholic

solution of potash, potassic xanthogenate (OSgCoHgOK) being
formed, which gives a yellow precipitate with cupric sulphate

;

(4.) heated with lead nitrate and potash, a black precipitate of
lead sulphide is obtained.

§ 184. Xanthogenic acid or ethyloxide-sulphocarhonate (CS2C2H5OH) is

prepared by decomposing potassic xanthogenate by diluted hydrochloric or
sulphuric acid. It is a colourless fluid, having an unpleasant odour, and a
weakly acid and rather bitter taste. It burns with a blue colour, and is

easily decomposed at 24°, splitting up into ethylic alcohol and hydric sul-
phide. It is very poisonous, and has an auEesthetic action similar to
bisulphide of carbon.

§ 185. Potaxsic xanthogenate (CS2C2HaOK) and potassic xantliamylatc
(CSaCfiHuOK) (the latter being prepared by the substitution of amyl
alcohol for ethyl alcohol) both on the application of a heat below that
of the body, develop CS2, and are poisonous, inducing symptoms very
similar to those already detailed.

IX. CARBOLIC ACID.

§ 186. GarhoUc Acid. Syn. PJtenol, Phenyl Alcohol, Phenylic
Hydrate; Phemc Acid; Coal Tar Greasote.—Tha formula for
carbohc acid is CeH^HO. The pure substance appears at the
ordmary temperature as a colourless solid, crystallising in loner
prisms; the fusibility of the crystals is given variously by
ditterent authors: from my own observation, I believe the pure
crystals to melt about 42°, any lower melting-point being due
to the presence of cresylic acid or other impurity: the crystals
again become solid about 15°. Melted carbolic acid forms a
colourless limpid fluid, sinking in water. It boils under the
ordinary pressure at 182°, and distils without decomposition •

It IS very readily and completely distilled in a vacuum at about
the temperature of 100°. After the crystals have been exposed
to the air, they absorb water, and a hydrate is formed containing
16-07 per cent, of water. The hydrate melts at 17°, any greate?hydration prevents the crystallisation of the acid; a carbolicacid containing about 27 per cent, of water, and probably corres-ponding to the formula C«H,0,2H,0, is obtained by graZZabiding water to carbolic acid so long as it contiiuies to be
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dissolved. Such a hydrate dissolves in ll'l times its measure of

water, and contains 8-56 per cent, of real carbolic acid. Carbolic

acid does not redden litmus, but produces a greasy stain' on

paper, disappearing on exposure to the air; it has a peculiar

smell, a burning numbing taste, and in the fluid state it strongly

refracts light. Heated to a high temperature it takes fire, and

burns with a sooty flame.

When an aqueous solution of carbolic acid is shaken up with

ether, benzene, carbon disulphide, or chloroform, it is fully

dissolved by the solvent, and is thus easily separated from most

solutions in which it exists in the free state. Petroleum ether,

on the other hand, only slightly dissolves it in the cold, more

on warming. Carbolic acid mixes in all proportions with

glycerine, glacial or acetic acid, and alcohol. It coagulates

albumen, the precipitate being soluble in an excess of albumen

;

it also dissolves iodine, without changing its properties. It

dissolves many resins, and also sulphur, but, on boiling, sul-

phuretted hydrogen is disengaged. Indigo blue is soluble in

hot carbolic acid, and may be obtained in crystals on cooling.

Carbolic acid is contained in castoreum, a secretion derived

from the beaver, but it has not yet been detected in the

vegetable kingdom. The source of carbolic acid is at present

coal-tar, from which it is obtained by a process of distillation.

There are, however, a variety of chemical actions in the course

of which carbolic acid is formed.

§ 187. The common disinfecting carbolic acid is a dark

reddish liquid, with a very strong odour, containing carbolic

acid, cresylic acid, and other phenols. It is officinal in Germany,

and there must contain at least 50 per cent, of the pure carbohc

acid. The pure crystallised acid is officinal in our own and all

the continental pharmacopoeias. In the British Pharmacopoeia,

a solution of carbolic acid in glycerine is officinal; the proportions

are one part of carbolic acid and four parts of glycerine, that is,

strength 20 per cent. The Pharmacopoeia Germanica has a

liquor natri carbolici, made with five parts carbohc acid, one

caustic soda, and four of water; strength in carbolic acid = oO

per cent. There is also a strongly alkaline crude sodic carbolate

in use as a preservative of wood.
_

There are various disinfecting fluids containing various

amounts of carbolic acid, from 10 per cent, upwards. JMany

of these are somewhat complex mixtures, but, as a rule, any

poisonous properties they possess are mainly due to their con-

tent of carbolic acid. A great variety of disinfecting powders,

under various names, are also in commerce, deriving tlieir

activity from carbolic acid. Macdougall's disinfecting powder
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is made by adding a certain proportion of impure carbolic acid
to a calcic sulpliite, which is prepared by passing sulphur
dioxide over ignited limestone.

Calvert's carbolic acid powder is made by adding carbolic acid
to the siliceous residue obtained from the manufacture of
aluminic sulphate from shale. There are. also various carbolates
which, by heating or decomposing with sulphuric acid, give off
carbolic acid.

Carbolic acid soaps are also made on a large scale—the acid is
free, and some of the soaps contain as much as ten per cent.
In the inferior carbolic acid soaps there is little or no carbolic
acid, but cresylic takes its place. Neither the soaps nor the
powders have hitherto attained any toxicological importance,
but the alkaline carbolates are very poisonous.

§ 188. The chief uses of carbolic acid are indicated by the
foregoing enumeration of the principal preparations used in
medicine and commerce. The bulk of the carbolic acid manu-
lactured is for the purposes of disinfection. It is also utilised
in the preparation of certain colouring matters or dyes, and
during the last few years has had another application in the
manufacture of salicylic acid. In medicine it is administered
occasionally internally, while the antiseptic movement in surgery
initiated by Lister, has given it great prominence in surgical
operations. °

§ m. Statistics—G^vholiG acid is, of all powerful poisons,,the most accessible, and the most recklessly distributed. We
frf T\ back-kitchens, in stables,m pubhc and private closets and urinals, and, indeed, in almost

matterr f'^i'^T' ^"^'^^ *° ^^^^ ^^^^^s or, decomposingS ha; S poisoning by cirbolic

has become v,1' ^"^f' ""T"^'^^
proportions. The acidhas become vulgarised, and quite as popularly known, as the

until if3Tn./l ^^'Z^^'''
y'^"'' discovered

about 1863 It """'f
^^^^ ^^^^ by Lister until

much later
xiot known to the people generally until

Palck has collected, since the vear 1868 nn fi,o •
i x

seven cases of poisoning from caSo'acid "e'co'rTedt'^eS
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literature. In one of the cases the individual died in nine

hours from a large dose of carbolate of soda; m a second, violent

symptoms were induced by breathing for three hours carbolic

acid vapour; in the remaining eighty-five, the poisoning was

caused by the liquid acid. Of these eighty-five persons, seven

had taken the poison with suicidal intent, and of the seven, five

died; thirty-nine were poisoned through the medicinal use of

carbolic acid, twenty-seven of the thirty-nine by the antiseptic

treatment of wounds by carbolic acid dressings, and of these

eight terminated fatally ; in eight cases, symptoms of poisoning

followed the rubbing or painting of the acid on the skm for the

cure of scabies, favus, or psoriasis, and six of these patients died.

In four cases, carbolic acid enemata, administered for the pur-

pose of dislodging ascarides, gave rise to symptoms of poisoning,

and in one instance death followed.

The substitution of carbolic acid for medicine happened as

follows :

—

Taken instead of Tincture of Opium, .

Infusion of Senna, .

" Mineral Water,
"

',, other Mixtures,
'

' inward instead of outward application,

Cases.

1

:i

2
3
3

12

of these twelve, eight died.
. , • ,„

Again, ten persons took carbolic acid in mistake for various

alcoholic drinks, such as Schnapps, brandy, rum, or beer and

nine of the ten succumbed; seventeen persons drank carbobc

acid simply "by mistake," and of these thirteen died Ihus,

onhe whofe eighty-five cases, no less than fifty-one ended fatally,

Tm l?irZl-The minimum fatal dose for cats dog,

and rabbits, appears to be from 4 to -5 gi-m per k^log^am.

¥nlpk has But the minimum lethal dose for man at 15 gims.

mi 5 ^raiS which would be about -2 per kilo., basing lus

i; il;lte onte following reasoning. 1^ thirty-t u-ee c^es he

had a fairly exact record of the amount of acid taken, and, out

Sf Ihe thir'ty three, he selects only those cases which a^^ of u

for the decision of the question. Among adults m five cases

he dose' was'sO grms.,\nd all the fve cases tennm^^^^^^^

death, in times varying from five minutes to lioui and a halt.

By other five adults a dose of 15 grms. was t'^ken
;
of th^^^^^^^^

three men and one woman died in times varymg froni fort^fi^ e

minutes to thirty hours, while one woman recoveied. ^oses oi

n 5 10-8 and 9 grms. were taken by difi-erent men. and recovered
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from
; on the other hand, a suicide who took one and a half

teaspoonful, (about 6 grms.) of the concentrated acid, died in
fifty minutes. Doses of -3 to 3 grms have caused symptoms of
poisoning, but the patients recovered, while higher doses than
15 grms. in twelve cases, with only one exception, caused
death. Hence, it may be considered tolerably well established,
that 15 grms. (231-5 grains) may be taken as representing the
minimum lethal dose.

The largest dose from which a person appears to have
recovered is, I believe, that given in a case recorded by Davidson
in which 150 grms. of crude carbolic acid had been taken. It
must, however, be remembered that as this was the impure acid,
probably only half of it was really carbolic acid. The German
Pharmacopoeia prescribes as a maximum dose -05 (-7 grain) of the
crystallised acid, and a daily maximum quantity given in divided
doses of -15 grm. (2-3 grains).

§ 191- ^ecils on Animals.—Carbolic acid is poisonous to both
animal and vegetable life.

Infusoria.—One part of the acid in 10,000 parts of water
rapidly kills ciliated animalcules,—the movements become
sluggish, the sarcode substance darker, and the cilia in a little
time cease moving.
Fish.—One part of the acid in 7,000 of water kills dace,

nnnnows, roach, and gold fish. In this amount of dilution the
ettect is not apparent immediately

; but, at the end of a few
fiours, the movements of the fish become sluggish, they frequently
rise to the surface to breathe, and at the end of twerTty-four
hours are found dead. Quantities of carbolic acid, such as one
part m 100,000 of water, appear to afi^ect the health of fish, and
render them more liable to be attacked by the fungus growthwhich IS so destructive to fish-life in certain years.

J^rogs.—If -01 to -02 grm. of carbolic acid be dissolved in a
litre of water m which a frog is placed, there is almost immedi-
ately signs oi uneasiness in the animal, showing that pain from
local contact IS experienced

; a sleepy condition follows, with
exaltation of reflex sensibility; convulsions succeed, generally,

^.ti^v f^^^^^'i
sensibility is diminished, ulti-

^esponVtoTh;^'^.^^^
"^'"^^^ the muscles and nerves stillrespond to the electric current, and the heart beats, but slowly

S 7^9 Iv t^'^^H
respiration has ceased.

^

welht of 2 Hln
^W^..-For a rabbit of the averageweignt ot 2 kilo., -15 grm. is an active dose and -3 a lethal

notUtiSd'ancf K ^^^^ ^^^^P^ ^^e frogt
dilatat r ^f tt !rP*°^« clonic convulsions withdilatation of the pupils, the convulsions passing into death,
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without a noticeable paralytic stage. The symptoms observed

in poisoned dogs are ahnost precisely similar, the dose according

to body-weight being the same. It has, however, been noticed

that with doses large enough to produce convulsions, a weak

condition has supervened, causing death m several days ihere

appears to be no cumulative action, since .equal toxic doses can

be given to animals for some time, and the last dose has no

o-reater effect than the first or intermediate ones. The patho-

logical appearances met with in animals poisoned by the minimum

lethal doses referred to are not characteristic; but there is a

remarkable retardation of putrefaction.

S 193 Symptoms in Man, External Application.—A 5 per cent,

solution of carbolic acid, applied to the skin, causes a pecuhar

numbness, followed, it may be, by irritation. Young subjects,

and those with sensitive skins, sometimes exhibit a pustular

eruption, and concentrated solutions cause more or less destruc-

tion of the skin. Lemaire * describes the action of carbolic acid

on the skin as causing a slight inflammation, with desquamation

of the epithelium, followed by a very permanent brown stam,

but this he alone has observed. Applied to the mucous mem-

brane, carbolic acid turns the epithelial covering white
;
the

epithelium, however, is soon thrown ofi", and the place rapidly

heals: there is the same numbing, aconite-like feeling before

noticed. The vapour of carbolic acid causes redness ot the

coniunctiv^, and irritation of the air-passages. If the application

is continued, the mucous membrane swells, whitens, and pours

out an abundant secretion. . . ,

Dr Whitelock of Greenock has related two instances m whicH

chUdren were treated with carbolic acid lotion (strength 1^ per

cent.) as an application to the scalp for ringworm; in both

symptoms of poisoning occurred-in the one, the symptoms at

once appeared; in the other they were de ayed for some days.

In order to satisfy his mind, the experiment was repeated twice,

and each time gastric and urinary troubles followed.

Nussbaum of Munich records a casef m -hich sympt^^^^

were induced by the forcible injection of a solution of caibohc

acid into the cavity of an abscess.
. .

. , .

MacphaiU gives two cases of poisoning ^7 ^^^^^
'^"f^^^^^^

external use. ''in the one, a large tumour l^^d been lemoved

from a woman aged thirty, and the wound covered J^^^li S^^^f

steeped in a solution of carbolic acid, m glycerine, strength

* Lemaire, Jul., "X>e I'Acide phenique." Paris, 1864.

MJB., Ed. Med. Journal, cccxiv., Aug., 1881, p. 134.
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• 10 per cent.
;

subsequently tliei'e was high fever, with
diminished sulphates in the urine, which smelt strongly of
carbolic acid, and was very dark. On substituting boracic acid,
none of these troubles were observed. The second case M^as
that of a servant suffering from axillary abscess; the wound
was syringed out with carbolic acid solution, of strength 2^ per
cent., when effects were produced similar to those in the first

case. It was noted that in both these cases the pulse was
slowed. Scattered throughout surgical and medical literature,
there are many other cases recorded, though not all so clear as
those cited. Several cases are also on record in which poisonous
symptoms (and even death) have resulted from the application
of carbolic acid lotion as a remedy for scabies or itch.
A surgeon prescribed for two joiners who suffered from scabies

a lotion, which was intended to contain 30 grms. of carbolic acid
in 240 cc. of water ; but the actual contents of the flasks were
afterwards from analysis estimated by Hoppe-Seyler to be 33-26
grms., and the quantity used by each to be equal to 13-37 o-rms
(206 grains) of carbolic acid. One of the men died, the survivor
described his own symptoms as follows :—He and his companion
stood in front of the fire, and rubbed the lotion in ; he rubbed
It into his legs, breast, and the front part of his body ; the other
parts were mutually rubbed. Whilst rubbing his ri<^ht arm
and drying i^t before the fire, he felt a burning sensation, a
tightness and giddiness, and mentioned his sensations to his
companion, who laughed. This condition lasted from five to
seven minutes, but he did not remember whether his companion
complained of anything, nor did he know what became of him
nor how he himself came to be in bed. He was found holdingon to the joiners bench, looking with wide staring eyes, like adrunken man, and was delirious for half an hour. The followino-
night he slept uneasily and complained of headache and burning
of the skm The pulse was 68, the appearance of the urine°
appetite, and sense of taste were normal; the bowels confined'He soon recovered.

^^iiu-ncu.

The other joiner seems to have died as suddenly as if he had
'

taken prussic acid. He called to his mother, " Ich habe e nmRausoh," and died with pale Hvid face, after kking two dee^^short inspirations. s »> u uoep,

The post-mortem examination showed the sinuses filled withmuch fluid blood, and the vessels of the pia mater congestedFrothy, dark fluid blood was found in the lungs, wS werehypersemic; the mucous tissues of the epialottirnT^Tl^^ fT
were reddened, and covered with a frothy" s hi e Rot
tricles-the ven. cav. and the vessels of\le s'^- ^ntv.^:^;
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—were filled with dark fluid blood. The muscles were very

red; there was no special odour. Hoppe-Seyler recognised

carbolic acid in the blood and different organs of the body.

In another case, a child died from the outward use of a 2 per

cent, solution of carbolic acid. It is described as follows :—

An infant of seven weeks old suffered from varicella, and one

of the pustules became the centre of an erysipelatous inflam-

mation. To this place a 2 per cent, solution of carbolic acid

was applied by means of a compress steeped m the acid
;
the

following morning the temperature rose from 36-5 (97 7 i^.) to

37° (98-6 F.), and poisonous symptoms appeared, i he urine

was coloured dark. There were sweats, vomitings, and con-

tracted pupils, spasmodic twitchings of the eyelids and eyes,

with strabismus, slow respiration, and lastly, inability to swallow.

Under the influence of stimulating remedies the condition tem-

porarily improved, but the child died twenty-three and a half

hours after the first appUcation. An examination stowed that

the vessels of the brain and the tissue of the ungs were abnor-

mally full of blood. The liver was softer than natural, and

exhibited a. notable yellowishness
':^y''^^Zi\ZlvT'Se

Somewhat simUar appearances were noticed m the kidneys, the

Soscopic examination of which showed the tubuh contorU

Xged^and filled with fatty globules. In several places the

epithelium was denuded, in other places swollen, and with the

"\tarimSin case,t death followed the application of car-

boic acid to a wound. A boy had been bitten by a dog, aiid

to the wound, at one o'clock in the afternoon a lotion, con-

sisting If nine parts of carbolic acid and one of glycerine, was

applied At seven o'clock in the evening the child was uncon-

c^cious and died at one o'clock the following day.

TlhT Internal Admvnistration.-G.Mic acid may be taken

into the system, not alone by the mouth, but by the ki-Sf -
inbreathing carbolic acid sprayer carbolic ^^^^ .^Pour. It s

also absorbed by the skin when outwardly applied or m the
also aosoroLu

.y

^vounds with carbolic acid. Lastly,

t:::iZT;Z^^^lot. have been produced by the absolu-

tion from the bowel, when administered as an enema. When

w nowTd undiluted; and in a concentratecl "e^^^^^^^^

may be those of early collapse, and speedy death Hence, the

bourse is very similar to that witnessed in poisoning by the

mineral acids.

*R. Kohler, Wilrtem. Med. Gojr
^^^^^^^^-^fj^'

^' ^I"""'
"

Abelin. SchmidVs JaUrhucher, 1877, Bd. l
. ^ is79, p. 57.

-I-
American Journal of Pharmacy, vol. li., 4tli ber. ,

aoi. ix., i ,v
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If lethal, but not excessive doses of the diluted acid are
taken, the symptoms are—a burning in the mouth and throat,
a peculiarly unpleasant persistent taste, and vomiting. There
are faintness and pallor of the face, which is covered by a
clammy sweat, and the patient soon becomes unconscious, the
pulse small and thready, and the pupils sluggish to light. The
respiration is profoundly affected; there is dyspncea, and the
breathing becomes shallow. Death occurs from paralysis of
the respiratory apparatus, and the heart is observed to beat for
a little after the respiration has ceased. All these symptoms
may occur from the application of the acid to the skin or to
mucous membranes, and have been noticed when solutions of
but moderate strength have been used. There are a series of
such cases in gynaecological practice when the mucous membrane
(perhaps eroded) of the uterus has been irrigated with carbolic
acid injections. Thus, Kiister * relates a case in which, four
days after confinement, the uterus was washed out with a 2 per
cent, solution of carbolic acid without evil result. Afterwards
a 5 per cent, solution was used, but it at once caused violent
symptoms of poisoning, the face became livid, clonic convulsions
came on, and at first loss of consciousness, which after an hour
returned. The patient died on the ninth day. There was
intense diphtheria of the uterus and vagina. Several other
similar cases (although not attended with such marked or fatal
eflects) are on record,f

§ 195 The symptoms of carbolic acid poisoning admit of con-
siderable variation from those already described. The condition
IS occasionally that of deep coma. The convulsions may be
general, or may affect only certain groups of muscles. Convul-

nZ ^^^<^ muscular twitchingsonly of the legs, have been noticed. In all cases, however amarked change occurs in the urine. Subissi | h^s noted theoccurence of abortion, both in the pig and the mare, as a result

losfofbiotrnfFr™'""*""^ previousloss 01 blood, or the presence of septic fever, renders animals

* Central.Blattf. GynaTcologie, ii., 14, 1878

within four hou^s Sre was noT„,^^^^^^
the operation, and died

strongly of carbolic ^t-lZZXyTllS"'''''''''^ ' '^"'^^ ^^^'^

+ L Archivio ddla Velerinaria Itul, xi., 'l874.

"
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more sensitive to carbolic acid. It is also said that children are

more sensitive than adults.

The course of carbolic acid poisoning is very rapid, in do

cases collected by Falck, in which the period from the taking of

the poison to the moment of death was accurately noted, the

course was as follows:—12 patients died within the irst hour,

and in the second hour 3 ; so that within two hours 15 died.

Between the third and the twelfth hour, 10 died; between the

thirteenth and the twenty-fourth hour, 7 died ;
and between

the twenty-fifth and the sixtieth hour, only 3 died. Therefore

slightly over 71 per cent, died within twelve hours, and 91-4

per cent, within the twenty-four hours.

8 196 Changes in the Urine.—Th^ urine of patients who have

absorbed in any way carbolic acid is dark in colour, and may

smell strongly of the acid. It is now established-chiefly by

?he experiments and observations of Baumann^-that carbolic

acid when introduced into the body, is mainly elimmated in the

?orm of phenyl-sulphuric acid, OsHsHSO or more strictly

speaking as potassic phenyl-sulphate, 0,H,KSO„ a substance

Jhichls not precipitated by chloride of barium until it has been

decomposed by boiling with a mineral acid. Hence it is that

wTth doses of carbolic acid continually increasing, the amount

of sulphates naturally in the urine (as estimated by simply

acidifvino- with hydrochloric acid, and precipitating m the usual

way with chloride of barium) continually decreases and may at

last vanish, for all the sulphuric acid present is united with the

phenol On the other hand, the precipitate obtained .^7 boibiig,

after having first removed the sulphate already deposited by the

first operation, is ever increasing.
,i IfiO cp •''62

Thus a dog voided urine which contained m lOU cc,

.rm of precfpitable sulphuric acid, and -006 o organica ^-

Smbined sulphuric acid; his back was now painted with cai-

bolic acid, and the normal proportions were reversed, the

hyaroqumoue,(0A^|-), parad%droxyl phenol and pyro-

catechin, (0„H,g?) orthodihydroxyl phenol, are constant

* Pfluqer's Archlv, 13, 1876, 289.
rhrmie hi 156.

t- E. Baumann and C. Preuss :
Zatschpft f.

.^''^""f' "l'^ {qq,
« Anleitunrj zar Ham-Analyse," W F. Lobisch. Leipzig. 1881, pp. 142,

Schmiedeberg : Chem. Cento. (3), 13, 59b.
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products of a portion of the phenol. The hydroquinone appearsm the urine, in the first place, as , the corresponding ether-
sulphuric acid, which is colourless ; but a portion of it is set
free, and this free hydroquinone (especially in alkaline urine) is
quickly oxidised to a brownish product, and hence the peculiar
colour of urine. Out of dark-coloured carbolic acid urine
the hydroquinone and its products of decomposition can be
obtained by shaking with ether ; on separation of the ether,
an extract is obtained, reducing alkaline silver solution, and
developing quinone on warming with ferric chloride.

To separate pyro-catechin, 200 cc. of urine may be evaporated
to an extract, the extract treated with strong alcohol, the
alcohohc liquid evaporated, and the extract then treated with
ether. On separation and evaporation of the ether, a yellowish
mass IS left, from which the pyro-catechin may be extracted by
washing with a small quantity of water. This solution will
reduce silver solution in the cold, or, if treated with a few
drops of ferric chloride solution, show a marked green colour
changing on being alkalised by a solution of sodic hydro-
carbonate to violet, and then on being acidified by acetic acid,
changing back again to green. According to Thudichum,* the
urine of men and dogs, after the ingestion of carbolic acid,
contains a blue pigment.

'

§ 197 The Action of Carbolic Acid considered physioloqicallv~
Eesearches on anunals have elucidated, in a great measure, themode m which carbo ic acid acts, and the general sequence of
efifects, but there is still much to be learnt

4 «
oi

E. Kustert has shown that the temperature of dogs, whendose, f earbolic acid in solution are injected subcutaneously o?

raisecl ™ ^^^^^^^l^' ^^^y soon after the operation,

frot Zf,
'"'^

V^^^
moderate doses, this effect is but slight

^tZr^lfL ^ ^^''
l
'}^Sree~on the day after the injection

hpnni^ ^ point, and only slowlybecomes again natural. With doses that are just lethal, fir t

Lr^itT thnl"
'

'^f^'"^
temperaturi are obse'rvedbut with those excessive doses which speedily kill, the tem-perature at once sinks without a prelimiary rise. The actiSion the heart is not very marked, hut there is^lways a slowing

t Archwf. Klin. Chirurgie, Bd. 23, S. 133, 1879.^"

11
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the respiratory wave. Direct application of the acid to muscles

or nerves quickly destroys their excitability without a previous

stage of excitement. The main cause of the lethal action of

carbolic acid-putting on one side those cases in which it maj

kill by its local corrosive action-appears to be through paralysis

of the respiratory nervous centres. The convulsions arise from

+hP stiinal cord On the cessation of the convulsions, the

su^erlS nature oV the breathing assists other changes by

preventing the due oxidation of the blood.
.i„

^
S 198. Carbolic acid is separated from the body, partly by

thi skin, and partly by the urine as P^^^^yl-^^lP^^^^^^.J^^^'

combination with alkalies and other compounds jen-

tioned. It also apparently undergoes other
«^«^^^^\;^^^^^^^^

and produces hydroquinones, pyrocatechin and double ethers

lalkowsky considers that, with rabbits, he has also fo^/
^^^^^

acid in the urine as an oxidation product. According to the

researches of Binnendijk,* the separation of
^^^^^^U'^Jl

the urine commences very quickly after its ingestion
;
and under

favourable circumstances, it may be completely excreted withm

from twelve to sixteen hours. It must be remembered that

Sie presence of carbolic acid is possible in
f

« --^^l/^/j;^^

the result of the digestion of albummous substances oi of their

putrefaction. A small amount of carbolic acid is said
^^^^^^

daily excreted by healthy men when feeding on ^^^^d

this quantity Engel,t by experiment, estimates to be in the

'-^1t7o^Z:^'^^^^^^^ fact is better a^ertairied

from experiments on animals than the foUo^S
--J^f^

lethal doses of carbolic acid, administered by
^^H^'^^^"^^^ ^^^^

tion, or introduced by the veins, no appearances may found

afte; death which can be called at all characteristic^ Furte^

in the cases in which death has occurred
f

«

aDDlication of the acid for the cure of scabies, &c., no iesion

Ts ascertained after death which conld-apart from
^^^^^^^^

of the case and chemical evidence-with any conhdence oe

"0?le%rrh"and,when somewhat large doses of ^.e
^^^f,

are taken by the mouth, very ^PPJ^^^S^^^^
are produced in the upper portion of ^he alimentary w

There may be brownishfwrinkled spots on the che.k oi l^s

the mucous membrane of the -outh, throat and guUet often

white, and if the acid was concentrated, eroded, ihe stoma

Journal de Pharmacle et de Chimie. „„„ joqa

+ Annal. de Chimie et de Physique, 5 Ser., T. 20, p. 230,
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is sometimes thickened, contracted, and blanched, a condition
-well shown in a pathological preparation (ix. 206, 43 /) in St.
George's Hospital. The mucous membrane, indeed, may be
quite as much destroyed as if a mineral acid had been taken.
Thus, in Guy's Hospital museum (1799*0), there is preserved
the stomach of a child who died from taking accidentally carbolic
acid. It looks like a piece of paper, and is very white, with
fawn-coloured spots; the rugae are absent, and the mucous mem-
brane seems to have entirely vanished. Not unfrequently the
stomach exhibits white spots with roundish edges. The duo-
denum is often affected, and the action is not always limited
to the first part of the intestine.
The respiratory passages are often inflamed, and the lungs in

filtrated and congested. As death takes place from an asphyxiated
condition, the veins of the head and brain, and the blood-vessels
o_t the liver, kidney, and spleen, are gorged with blood, and the
nght side of the heart distended, while the left is empty On
the other hand, a person may die of sudden nervous shock from
the ingestion of a large quantity of the acid, and in such a case
the post-mortem appearances will not then exhibit precisely the
characters just detailed. Putrefaction is retarded according to
the dose, and there is often a smell of carbolic acid.* If anyurme is contained in the bladder, it will probably be dark, and
present the characters of carbolic urine detailed at p 161

TESTS FOR CAEBOLIC ACID.

tiMu'J'
^es^—Certain pine-wood gives a beau-t^ul blue colour when moistened first with carboHc acid, andafterwards with hydrochloric acid, and exposed to the igTtSome species of pme give a blue colour with hydrochloric fcid

S't'esttrrrbor^-ri^ "^^-'^ -'p-^tothe test for carbohc acid. Hence it is necessary to try the chips

tte tesJ i. ' "^^T. -i*^ precauS
will be made

^^-iceable, and, in cautious hands" no error

2. Ammonia aiid HypoMorite Test.—If to a solution con

5m%Z7 '"f ^ r^'^*^ ^-'^ °f carbTc acid Tn5^00 parts of water, first, about a quarter of its volume ofammonia hydra e be added, and then t small quantity of sodichypochlorite solution, avoiding excess, a blue\olouT appeals :
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warming quickens the reaction, the blue is permanent, but turns

to red with acids. If there is a smaller quantity than the above

proportion of acid, the reaction may be still produced feebly

after standing for some time.
, . o aaa 4.

3. Ferric Chloride.—One part of phenol m 3,000 parts ot

water can be detected by adding a solution of ferric chloride;

a fine violet colour is produced. This is also a very good test,

when applied to a distillate; but if applied to a complex liquid,

the disturbing action of neutral salts and other substances may

be too great to make the reaction under those circumstances ot

^^T'SVomme.—The most satisfactory test of all is treatmeiit of

the "liquid by bromine-water. A precipitate of tri-bromo-phenol

(C.H;Br,0) is rapidly or slowly formed according to the strength

of the solution; in detecting very minute quantities the pre-

cipitate must be given time to form.
_

According to Allen a

solution containini but of carbolic acid gave the reaction

after standing twenty-four hours.

The properties of the precipitate are as follows .—it is

crystalline, and under the microscope is seen to consist ot fine

stirs of needles; its smell is peculiar; it is insoluble m water

and acid liquids, but soluble in alkalies, ether, and absolute

akohol a very minute quantity of water sufl&ces to precipitate

it from an alJoholic solution; it is therefore essential to the

success of the test that the watery liquid to be examined is

either neutral or acid in reaction.

sloi Tri-bromo-phenol may be used for the quantitative

estimation of carbolic acid, 100 parts of tri-bromo-pheno are

rqml to 28-39 of carbolic acid; by the action of sodium amalgam

tri-bromo-phenol is changed back into carbolic acid.

That bromine-water precipitates several -M^^^-^^^^^^^^

alkaloids from their solutions is no objection to tjie biomme

?elt for it may be applied to a distillation product^ the bases

bavin ' been previously fixed by sulphuric acid. Besides, the

Brooerties of tri-bromo-phenol are distinct enough, and therefore

?We?s no valid objection to the test. It is the best hitherto

discovered There are also other reactions, such as that Mi Ion s

^a^ent strikes a red_molybdic acid, iii

-^-^Xtc-dtw"
acid a blue-and potassic dicromate with sulphuric

^^f^^^^^^
cofour-but to these there are objections Again

^^^^ f^
^^.cWorme test in which the procedure IS as follows

taken, and concentrated hydrochloric acid
Y^^^^^^^^^i^f for

upon potassic chforate. After the gas has been evolved tor

* "Commercial Organic Analysis," vol. i., p. 306.
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from thirty to forty seconds, the liquid is diluted with one and
a half volume of water, the gas removed by blowing through a

tube, and solution of strong ammonia poured in so as to form

a layer on the top; after blowing out the white fumes of

ammonium chloride, a few drops of the sample to be tested are

added. In the presence of carbolic acid, a rose-red, blood-red,

or red-brown tint is produced, according to the quantity present.

Carbolic acid may be confounded with cresol or with creasote,

but the distinction between pure carbolic acid, pure cresol,

and creasote is plain.

§ 202. Cresol is at ordinary temperatures a liquid, and cannot

be obtained in a crystalline state by freezing. Its boiling point

is from 198° to 203°; it is almost insoluble in strong ammonia,
and, when sixteen volumes are added, it then forms crystalline

scales. On the other hand, carbolic acid is soluble in an equal
volume of ammonia, and is then precipitated by the addition
of one and a half volume of water. Cresol is insoluble in small
quantities of pure six per cent, soda solution ; with a large

excess, it forms crystalline scales ; while carbolic acid is freely

soluble in small or large quantities of alkaline solutions.

Cold petroleum spirit dissolves cresol, but no crystalline scales

can be separated out by a freezing mixture. Carbolic acid, on
the contrary, is but sparingly soluble in cold petroleum, and a
solution of carbolic acid in hot petroleum, when exposed to
sudden cold produced by a freezing mixture, separates out
crystals from the upper layer of liquid. Cresol is miscible with
glycerine of specific gravity 1-258 in all proportions; one measure
of glycerine mixed with one measure of cresol is completely
precipitated by one measure of water. Carbolic acid, under the
same circumstances, is not precipitated. The density of cresol
is about 1 -044. It forms with bromine a tri-bromo-cresol, but
this is liquid at ordinary temperatures, while tri-bromo-phenol
is solid. On the other hand it resembles carbolic acid in its
reactions with ferric chloride and with nitric and sulphuric acid.

§ 203. Creasote or Kreozote is a term applied to the mixture of
crude phenols obtained from the distillation of wood-tar. It
consists of a mixture of substances of which the chief are
guaiacol or oxycresol (G^H^O^), boiling at 200°, and creasol
(CgHjoO.^) boiling at 217°, also in small quantities phlorol
(CgHjoO), methyl creasol (CgHjgO,), and other bodies. Morson's
English creasote is prepared from Stockholm tar, and boils at
about 217°, consisting chiefly of creasol; it is not easy, by mere
chemical tests, to distinguish creasote from cresylic acid. Creasote,
in Its reactions with sulphuric and nitric acid, bromine and
gelatin, is similar to carbolic and cresylic acid, and its solubility
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in most solvents is also similar. It is, however, distinguished

from the tar acids by its insolubility in Price's glycerin, specific

cn-avity 1-258, whether one, two, or three volumes of glycerin

be employed. But the best test is its action on an ethereal

solution of nitro-cellulose. Oreasote mixes freely with the B P.

collodium, while cresylic acid or carbolic acid at once coagulates

the latter. With complicated mixtures containing carbolic acid

cresol, and creasote, the only method of applying these tests

with Advantage is to submit the mixture to fractional distillatiom

Pliickiger* tests for small quantities of carbolic acid m
creasote, by mixing a watery solution of the sample with one-

fourth of its volume of ammonia hydrate wetting the inside of

a porcelain dish with this solution, and then carefully blowing

bromine fumes on to the surface. A fine blue colour appears if

carbolic acid is present, but if the sample consists of creasote

only, then it is dirty green or brown. Excess of bromme spoils

'^l IttZrbolic Acid in Organic Fluids or in the Tissues of ths

Bodv—li the routine process given at page 53, where the

orinic fluid is distilled in a vacuum after acidifymg with tar-

Sric acid, is employed, carbolic acid, if present will certamly be

found in the distillate. If, however, a special search be made

for the acid then the fluid must be well acidified with sulphuric

Sd ^d distnied in the usual way. The distillation should be

continued as long as possible, and the distillate shaken up with

L Sthe apparatus figured at page 142. -P-^^^^^^
evaporation of the ether, the carbolic acid,

P'^^^^^f̂ ^^^^^^^cet
in a nure enough form to show its reactions. The same process

Applies to the tissues, which, in a finely-divided state, are boiled,

* Arch, der Pharmacie, cxiii., p. 30.
, ^q^^ of its

t Creasote is, without <i?-bt, poisonous, thoug^^^^^

action, and very few experiments are on
°^^^^,^^/^Prabbits, by sub-

been employed. Eulenberg bas studied ^^^^ ^y^P^^^^^^.^^
"^"^'enty drops of

mitting them to vaporised c/easot^T'--^-'
^rW w

creasote diffused through a glass
"f^'^ischarae from the eyes,

There was at once great ^^asmess wi h
^^^f

y
slightly con-

and after seven minutes the rabbit fell on
'^^^^^^^^

. ^ ^'^te slime

vulsed. The cornea was troubled, and ^^e
^^Jf

1
™'™g"^tfe;e narcosis,

flowed from the mouth and eyes, ^^^er fif een minut^^^^^^
^^^^

^ith lessened reflex action ; t^^t^P^^J^^e SmalTed, the respiration

right side of the heart was gorged ^^i^/ f"";,^'^^^^^^^ ceneraUy are, therefore,

^The post-viortem appearances and the fy^iP™ = a dark colour of the

closely alUed to those produced by carbolic acid. A dark colour

urine has also been noticed.
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and distilled with dilute sulphuric acid, and the distillate treated

as just detailed.

Like most poisons, carbolic acid has a selective attraction for

certain organs, so that unless all the organs are examined, it is

by no means indifferent which particular portion is selected for

the inquiry. Hoppe-Seyler applied carbolic acid to the abdomen

and thighs of dogs, and when the symptoms were at their height

bled them to death, and separately examined the parts. In one

case, the blood yielded -00369 per cent. ; the brain, -0034: per

cent.; the liver, -00125; and the kidneys, -00423 per cent, of

their weight of carbolic acid. The liver then contains only

one-third of the quantity found in an equal weight of blood,

and, therefore, the acid has no selective affinity for that organ.

On the other hand, the nervous tissue, and especially the

kidneys, appear to concentrate it.

§ 205. Examination of the Urine for Carbolic Acid.—-It has

been previously stated (see p. 160) that the urine will not con-

tain carbolic acid as such, but as a compound salt—viz., phenyl-

sulphate of potassium. By boiling with a mineral acid this

compound may, however, be broken up, and carbolic acid ob-

tained, either by distillation or by extraction with ether. To
detect very minute quantities, a large quantity of the urine

should be evaporated down to a syrup, and treated with hydro-

chloric acid and ether. On evaporating off the ether, the residue

should be distilled with dilute sulphuric acid, and this distillate

then tested with bromine-water, and the tri-bromo-phenol col-

lected, identified, and weighed.
Thudichum * has separated crystals of potassic phenyl-sulphate

itself from the urine of patients treated endermically by carbolic

acid, as follows :

—

The urine was evaporated to a syrup, extracted with alcohol
of 90 per cent., treated with an alcoholic solution of oxalic acid
as long as this produced a precipitate, and then shaken with
an equal volume of ether. The mixture was next filtered,

neutralised with potassic carbonate, evaporated to a small bulk,
and again taken up with alcohol. Some oxalate and carbonate
of potassium were separated, and on evaporation to a syrup,
crystals of potassic phenyl-sulphate were obtained. They gave
to analysis 46-25 per cent. HjSO^, and 18-1 K—theory requir-
ing 46-2 of H2SO4 and 18-4 of K. Alkaline phenyl-sulphates
strike a deep purple colour with ferric chloride. To estimate
the amount of phenyl-sulphate in the urine, the normal sulphates
may be separated by the addition of chloride of barium in the

* "Pathology of the Urine," p. 193.
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cold, first acidifying with hydrochloric acid. On boiling the liquid

a second crop of sulphate is obtained, due to the breaking

up of the phenyl-sulphate, and from this second weight the

amount of carbolic acid can be obtained—CoHglibU^ :
tSatoU^ : :

174 • 233.

§ 206 Assay of Disinfectants, Carbolic Acid Powders, (fee—For

the assay of crude carbolic acid, Mr. Charles Lowe* uses the

following process :—A thousand parts of the sample are distilled

without any special condensing arrangement; water first comes

over, and is then foUowed by an oily fluid. When a hundred

parts of the latter, as measured in a graduated tube, have been

collected, the receiver is charged. The volume_ of water is read

off. If the oily liquid floats on the water, it contains light

oil" of tar : if it is heavier than the water, it is regarded as

hydrated acid, containing 50 per cent, of real carbolic acid, ihe

next portion consists of anhydrous cresylic and carbolic acKK

and 625 volumes are distilled over; the remainder in the retort

consists wholly of cresylic acid and the higher homologues. The

relative proportions of carbolic and cresylic acids are approxi-

mately determined by taking the solidifying point, which should

be between 15-5° and 24°, and having ascertained this tempera,

ture, imitating it by making mixtures of known proportions of

carbolic and cresylic acids. ,
, ^ .

E Waller t has recommended the following process for the

estimation of carbolic acid. It is based on the precipitation of

the tar acids by bromine, and, of course all phenols precipitated

in this way will be returned as carbolic acid. The solutions

neces^ry^are—
^^^^^.^.^^ grms. of pure carboUc acid to the

litre ; this serves as a standard solution.

2. A solution of bromine in water.
_ . t+ „

3. Solution of alum in dilute sulphuric acid. A litre o

10 per cent, sulphuric acid is shaken with alum crystals until

^TSlLal process is as follows :-10 grms of the sample are

weighed out and run into a litre flask, water added, and the

Sure shaken. The flask being finally filled up to the neck

Tome of the solution is now filtered through a dry filtei, and

10 cc. of this filtrate is placed in a 6 or 8-ounce stoppered bottle

and 30 cc of the alum solution added. In a similai bottle

10 cc. of the standard solution of carbolic acid are placed, and

a similar quantity of alum solution is added as in the fiist

* Allen's " Commercial Organic Analysis," vol. i., P- 311.

t Chem. News, April 1, 1881, p. 152.
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bottle. The bromine water is now run into the bottle contain-

ing the standard solution of carbolic acid from a burette until

there is no further precipitate ; the bottle is stoppered and
shaken after every addition. Towards the end of the reaction

the precipitate forms but slowly, and when the carbolic acid is

saturated, the slight excess of bromine water gives the solution

a pale yellow tint. The solution from the sample is treated in
the same way, and, from the amount of bromine water used, the
percentage of the sample is obtained by making the usual cal-

culations. Thus, supposing that 5 cc. of the standard required
15 cc. of the bromine water for precipitation, and 10 cc. of the
solution of the sample required 17 cc, the calculation would
be 15 X 2 : 17 = 100 : x per cent. With most samples of crude
carbolic acid, the precipitate does not readily separate. It is

then best to add a little of the precipitate already obtained by
testing the standard solution, which rapidly clears the liquid.

Koppeschaar's volumetric method is more exact, but also more
elaborate, than the one just described. Caustic normal soda is

treated with bromine until permanently yellow, and the excess
of bromine is then driven off by boiling. The liquid now
contains 5]SraBr + NaBrOg, and on adding this to a solution
containing carbolic acid, and a sufficient quantity of hydro-
chloric acid to combine with the sodium, the following reactions
occur :

—

(1.) 5NaBr + ]SraBr03 + 6HCl= 6NaCl + 6Br + 3HoO :

and

(2.) C6HcO + 6Br=CcH3Br30 + 3HBr.

Any excess of bromine liberated in the first reaction above
that necessary for the second, will exist in the free state, and
from the amount of bromine which remains free the quantity of
carbolic acid can be calculated, always provided the strength of
the bromine solution is first known. The volumetric part of the
analysis, therefore, merely amounts to the determination of free
bromine, which is best found by causing it to react on potassium
iodide, and ascertaining the amount of free iodine by titration
with a standard solution of sodium thio-sulphate. In other
words, titrate m this way the standard alkaline bromine solu-

disappTaJf
indicator starch paste until the blue colour

Colorimetric Method of Estlmation.—A very simple and ever-ready way of approximately estimating minute quantities of the

wX nir^"''
'

f^^'''^
1° °f the sample with

Tlu^lT^'^r^A 11
impurities to subside. Tencc. of the clear fluid are then taken, and half a cc. of a 5 per cent
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solution Of ferric chloride added. The colour produced is

imSed exactly by a standard solution of carbolic acid, and

rsfmilt amount o/the reagent, on the usual principles of colon-

""tlir&ic Acid Powders.-^iliceou. carbolic acid powders

§ 207.
J^^^'^^f^'J^'f , distilled. Towards the end the heat

t°oSe dMlK e:^- performed by shaHng the di.

Sate wTth caustic soda solution, which
~f^ 'l J 5

S; acids. The volume of the ods ^^^^i^^^Sld thf

tfrrercu»^tt«^^^

sufficient to precipitate entirely
*f

P:.^^;^^^
and bromine

the filtrate is acidified with hyjo^^^^^^^^^
^^^^^^

water added. The precipitated
^f'^^^^'J^l^'^^^^ from the

by heat, then allowed to cool, and the mass lemove

liquid, dried, and weighed.

X.—NITRO-BENZENE.

5 ,09. m.ro-,.~^^J^f-^ rSiS-""S
of strong nitric acid

^^^"^^"^^^^^lo,^ colour, of a density

OeH,NO,. When pure it «f ^ P^io^' it may be obtained in

of l-i86, and boils at from ^O'^^?
^J"' Le of 3°. Its

prismatic crystals by exposure to ^ temperat
^^^^^^

Lell is exactly the sanie
^J^^^^ZrlulZnoe, under the

in the preparation of

K'^::Zitrt^^'^S'Zee Ws of nitro-ben.ene-the

Op. at., i., p. 310.
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purest, with the characters given above ; a heavier nitro-benzene,

boiling at 210° to 220° ; and a very heavy variety, boiling at
222° to 235°. The last is specially used for the preparation of

aniline, or aniline blue. Nitro-benzene has been used as an
adulterant of bitter almond oil, but the detection is easy (see

vol. i. of this work, " Foods," p. 505), Nitro-benzene was first

discovered by Mitscherlich in 1834, and its poisonous properties

were first pointed out by Casper* in 1859. Its technical use
in perfumes, &c., dates from about 1848, and in the twenty-eight

years intervening between that date and 1876, Jiibellf has
collected forty-two cases of poisoning by this agent, thirteen of
which were fatal. One of these cases was suicidal, the rest

accidental.

§ 210. Effects of Poisoning hy Nitro-henzene.—Nitro-benzene is

a very powerful poison, whether taken in the form of vapour or
as a liquid. The action of the vapour on animals has been
studied by Eulenberg J and others. One experiment will serve
as an illustration. Fifteen grms. of nitro-benzene were evapor-
ated on warm sand under a glass shade, into which a cat was
introduced. There was immediately observed in the animal
much salivation, and quickened and laboured breathing. After
thirty minutes exposure, on removing the shade to repeat the
dose of 15 grms., the cat for the moment escaped. On being put
back there was again noticed the salivation and running at the
eyes, with giddiness, and repeated rising and falling. The animal
at last, about one hour and forty minutes after the first dose, suc-
cumbed with dyspnoja, and died with progressive paralysis of the
respiration. The membranes of the brain were found gorged
with blood, the lungs liver-coloured, the mucous membrane of
the trachea—to the finest subdivisions of the bronchia—red-
dened, inflamed, and clothed with a fine frothy mucous. The
left side of the heart was filled with thick black blood. The
bladder contained 8 grms. of clear urine, in which aniline was
discovered. There was a notable smell of bitter almonds.

§211. The effects of the vapour on man are somewhat
different in their details to those just described. In a remark-
able case related by Dr. Letheby, a man, aged forty-two, had
spilt some nitro-benzene over his clothes. He went about
several hours breathing an atmosphere of nitro-benzene, he then
became drowsy, his expression was stupid, and his gait unsteady,
presenting all the appearances of intoxication. The stupor sud-

* Viertdjahrsscliri/tfiir Ger. Med., 1859, Bd. xvi., p. 1.

ErlafgL^Tlle""'''^'*"**'
^^'^^^"''"'^ ^^^ro-be7izol in Forensischer Beziehung.

X Oewerbe Hygiene, S. 607. Berlin, 1876.
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denly deepened into coma, and the man died
;
the fatal course

being altogether about nixae hours-viz., four hours before coma,

and five hours of total msensibdity.
.

nitro-benzene ^ swallow more than a drop,

irreitf. t^b^^^^^^^^^ ^P^^^
about a table-spoon-

^ 1 Xwed it to remain for some minutes; it was a small
ful, and

-^^ pervaded it, and caused illness m
room and the va]oour

^W P
^ feeling

and nails P^^^'
ulse feebS, but the mind was then clear,

clammy, and P^^".^
, ^^^^^

V"!
,1,^ suddenly became uncon-

An emetic was administered, but slie sucia y

scions; the emetic
^^^^^ Tsed, but the

of nitro-benzene. ine stomaou puuij-
Wnypue In

Jinuid obtained had scarcely any odonr °f
"*°-Xu\

about eleven hours -onscion.ne..J.t'^^^^A^^

teen hours she partially
'^<=°I"f '^"'J^P'^eoverj was not

"^"l^Sfof . To r.l .uLtity^swallowed

ruC^babT/'of itself ha^e^^^^^^^^^^

th! liLw^'rl vapour, and ^^XTXS'"^^
much those produced by P™^^'"

' that, in the

between prussic ^^d^fj^^^^ftfe Jak n- of the poison and
Utter there ^s an J-'erva~ taU>^ P

-rf— for the person after

appear P-f-tly weU for per ods v^^^^^^^

hour to two or three hours, or = ;^ ^^^th. Poisoning

be most alarming symptoms allowed by "'P'^
„i,es,

by nitro-benzene satrf<=^
^^^1°^ tZl at 'once, but with

!;l^^:rCl^4vp'»
brir^SetTli7mo'uti°Sio;tV followea^y a very

* " Poisons," Third Edition, p. 665.
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striking blueness or purple appearance of the lips, tongue, skin,
nails, and even the conjunctivae. This curious colour of the
skin has, in one or two instances, been witnessed an hour before
any feeling of illness manifested itself; vomiting then comes on,
the vomited matters smelling of nitro-benzene. The skin is cold,
there is great depression, and the pulse is small and weak. The
respiration is affected, the breathing being slow and irregular,
the breath smelling strongly of the liquid, and the odour often
persisting for days. A further stage is that of loss of conscious-
ness, and this comes on with all the suddenness of a fit of
apoplexy. The coma is also similar in appearance to apoplectic
coma, but there have frequently been seen trismus and convul-
sions of the extremities. The pupils are dilated and do not
react to light, and reflex sensibility is sometimes completely
extmguished. Oases vary a little in their main features ; in a
few the blue skin and the deep sleep are the only symptoms
noted. Death, for the most part, occurs after a period of from
eight to twenty-four hours, (occasionally as soon as four or five
hours) after taking the poison. •

From the following remarkable train of symptoms in a
dog. It IS probable, indeed, that nitro-benzene, taken by ahuman being, might produce death after a rather prolonged
period of time, by its secondary effects :—To a half-bred grey-hound* was administered 15 grms. of nitro-benzene, when
shortly after there were noticed much salivation, shiverino-
and muscular twitchings. The same dose was repeated at the

Vi,
^^g^i* ^^oui's respectively, so

that the dog altogether took 60 grms., but with no other
apparent symptom than the profuse salivation. On thelollowmg day, the dog voided a tapeworm; vomiting super-vened; the hearts action was quickened, and the breathing

d htpr
^ S5>^^"l«^i07 fo lowed, and the pupils were seen to be

\ "^g^Vi^y?
dog suffered from dyspnoja, quickened

pulse, shivering of the legs or of the whole body, teta iic spasms,bloody motions, great thirst and debility. The tempemtu^
gradually sank under 25°, and the animal finally died Theautopsy showed as the most striking change, the whole mucousmembrane of the intestinal tract cohered with a yellow layerwhich chemical analysis proved to be caused by picric acid andm the urine, liver, and lungs, aniline was discovered.

'

1 Lm nS ^"f
—It is probable, from recorded cases, that

1 grm. (154 gram) would be quite sufficient to kill an adultand, under favourable circumstances, less than that quantity It

* Eulenberg, Oewerie ITygidne, S. 607.
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would seem that spirituous liquids es^^^^^^^^^^

the action of -it--benzene so tha a
'.geeted

paribus, taking the poison with spirits, woui

than taking ^\^f''^XeZsT^in which so small a quantity

In a case related by Stevenson, m
^^^^

as 1-74 grms. was taken m ^^^^^J^f^^^^atoS^ symptoms,
forty-eight hours; there were yet extremely al^^ gJ 1

Tui ^0^-^^^^ - -

-^sr^&r;^^^ -hi2-i:s^s
appearances seem to be, a aarK ui

, appearance of

the blood, which coagulates
^^^^^^^^''^''J^ life), venous

the blood S^^Xirandts^e—hypersemia ot the brain anu ^^^^ g^,^^.

engorgement. In the
^^°^^f'i;;^;^etimes reddened diffusely,

loled, the mucous ^^^^jr!^'' f^?^^^^ character,

and occasionally shows eccbymose^ ot a pu
,,^,iderable

§ 215. The essential acUon
^f^f^^^^ainly in some way

phlsiological" sp^e—fa^ ^il^^-
changed, and gives the spe^trum o

^^^^ ^^^^ of

found that the blood loses,
,^ S^^ff

,

'^nd its content

carrying and i-P^T^-f ^/^^Jra^^^^^ normal amount

of carbon dioxide is
^^^^^^^^^ of a hound will give up

of oxygen gas
^^^^J^ f™f a dog which had been poisoned

is 17 per cent. ; but m the case oi a
^ dyspncea

with nitro-benzene, it sank to 1 per cent.

>.-.rr Throut^Ti a mistake in reading an

* This case is not nmnteresting. |hron li ^
j^^^ ^ drug-

extremely illegible prescnption M. S. S.,

gist with the following mixture

IV Benzole-Nit., 3ij.

01. Menth. pep., 3ss.

01. OlivsB, 3x.

gutt. XXX., t. ds.
.

He took on sugar seven doses each ofJO
m^^^^^^^^^

by weight 27-1 gram, 174 f"^l^^^^^^ti.e morning of the third day

down insensible, the body
P^^^:f^"';;f^ nitro-benzene poisonmg. ^^

described in the text, and usually seen in n
^^^^^irig, from S ounces of

Stable treatment he
-^^"^^f^'i-^^Seted by shaking with chloroform,

nrine some nitrobenzene was ^^tmct^^^^^^^^

•'ir'cf/«r

JSxper. Pathol v. Pharrrt., ix. 329.
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from which the dog suffered^ the carbon dioxide exhaled
was greater than the normal amount, and the arterial blood
(the natural content of which should have been 30 per cent,
of this gas), only gave up 9 per cent. Filehne seeks to explain
the peculiar colour of the skin by the condition of the blood,
but the explanation is not altogether satisfactory. Some part
of the nitro-benzene, without doubt, is reduced to aniline in
the body—an assertion often made, and as often contradicted—but
it has been found in too many cases to admit of question. It
would also seem from the experiment on the dog, (p. 173),
that a conversion into picric acid is not impossible. A yellow
colour of the skin and conjunctivae, as if picric-acid-stained, has
been noticed in men suffering under slow poisoning by nitro-
benzene.

§ 216. Detection and Separation of Nitro-Benzene from the
Animal Tissues.—It is evident from the changes which nitro-
benzene may undergo that the expert, in any case of suspected
nitro-benzene poisoning, must specially look (1.) for nitro-
benzene, (2.) for aniline; and (3.) for picric acid. The best
general method for the separation of nitro-benzene is to shake
up the liquid (or finely-divided solid) with light benzoline
(petroleum ether), which readily dissolves nitro-benzene. On
evaporation of the petroleum ether, the nitro-benzene is left
perhaps mixed with fatty matters. On treating with cold water
the fats rise to the surface, and the nitro-benzene sinks to the
bottom; so that, by means of a separating funnel, the nitro-
benzene may be easily removed from animal fats. The oily drops
or fine precipitate believed to be nitro-benzene, may be dissolved

ri''^''"^^'^
*° ^''^^^^^ of nascent hydrogen,

tsTed ^ttfr > hydrochloric acid, and the Ld
rpfnl 1 T ^ f vowdev, or, the aniline itself may berecovered by alkahsmg the fluid, and shaking up with ether in

and l3s r"'"^' ^^^^^ -"i-"
mass which

'
f.°l^«

evaporation, as an oUy yellowish

^StJ i
addition of a few drops of sodic hypo-

and wHh >;
violet-blue-with acids, a rose vid-

w^iTuct ^J'^^T ^ I* Siyes alkaloidal reactions

AnHine Is?' T^'^*' P^^*"^"^ «^l«"de, picric acid,Tc

rtip Wl r T^n from the tissues and fluids of

be beS t^ Cftr ''^'^' search" Wilt
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ordinary tests just enumerated tried.

XI.—HYDROCYANIC ACID.

^ 217. Hydrocyanic Acid.--Ti7Avic cj.n^^^^
^-1 A 70^8 n+ 18° C, boiling point 26-5 (bU .b.j, -tiv^y

liquid 0-7058 at i» ^-
^ commerce, and is only

The anhydrous acid IS not an article o
transparent

7''\t ttr trToL^^^^ fall on I glass

liquid, and so
^^^f

^ely vo
^ ^^^^^^^ p^^^j^.

plate, a portion of it
^^^^^f

"."^

-^^^ous It reddens litmus

blossom odour, and is intensely poi^onous^

feebly ^^^^^ransiently dissoWes^i^^^^^^^^
^^J^^ ^.^j^"

a Itery solution o P-J^ic -id
; fj^Xle 'r^jArous acid

0-997, and it should conta n 2 P^^
g^^J"^ tarmacopceias of

2 per cent, is also the amount spec^^a J ) the

Switzerland and Norway, and in tl^^^^^^^^^f^^^'^'^^^^ Norwegian
latter ordains,~ T—^^^^^^^^ -id

irCcTprtslS?strderedtobe prepared of a strength

equalling 10 per cent.
. .

f ggic acid are hydro-

The adulterations or impurities oi p

chloric, sulphuric* and formic ac d
^ J3'^^^,!ed from cyanide of

found in the French acid
^^l^^J^'p:^,, Hydrochloric

silver. Tartaric acKl IS also oecasi^^
^.^^^ ^^^^^^^^^^

acid is ^o^V' tn^lrfness i^^^^^ water-bath; the ammonium
and evaporating to

c^Y'^^J "J ^e^^ii^g as a saline residue

cyanide decomposes and -olatil^es, lea
.^^^^^.^^^

chloride of ammonium.
J^^f^^^.^^Xh it solution gives on

precipitate of chloride of ^il^ei, ^^mc
precipitate

Isting with silver -trate aiid l y the de P
^ ^^^J^ ^

with Nessler solution.
^ bv boi ini? a small quantity

by chloride of barium, formic acid by bouu , i

' A trace of .sulpWc or
K^et^et^i^^^^^^^^^

ad^iUeration, for it greatly assists the preserv .

acid of greater therapeutic efficiency.
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with a little mercuric oxide; if present, the oxide will be
reduced, and metallic mercury fall as a grey precipitate. Silver,
tartaric acid, and any other fixed impurities are detected by
evaporating the acid to dryness, and examining any residue
which may be left. It may be well to give the various strengths
of the acids of commerce in a tabular form.

British Pharmacopoeia, Switzerland, Norway, and Bor. (vj), 2
France,.......... 10
Vauquelin's Acid, ....... 3 -3
Scheele's,

, , . . , . . . . 4 to 5*
Einer's,

Robiquet's,

Schraeder's,

Duflos',

PfafF's,

KoUer's,

10
50
1-5

9
10
25

In English commerce, the analyst will scarcely meet with any
acid stronger than Scheele's 5 per cent.
Impure oil of bitter almonds contains hydric cyanide in

variable quantity, from 5 per cent, up to 14 per cent. There
is an oflacinal preparation obtained by digesting cherry-laurel
leaves in water, and then distilling a certain portion over
This Aqtia Lauro-cerasi belongs to the old school of pharmacy
^? tt'^.?^

uncertain strength, but varies from -7 to 1 per cent!
of HON. ^

§ 219 Poisoning by Prussic ^cic?.—Irrespective of suicidal or
criminal poisoning, accidents from prussic acid may occur—

1. From the use of the cyanides in the arts.

2 From the somewhat extensive distribution of the acid or

Eno-dom
P''''''^''"^°"^-P'^o^"c^^g substances in the vegetable

1 In the ^rfe.—The galvanic silvering! and gilding of metals,

Sr Kl^/Vl ' r^'^^f ^^"^^ manufacture ofBerlin blue, the dyeing of woollen cloth, and in a few othermanufacturing processes, the alkaline cyanides are used andnot unfrequently fumes of prussic acid developed
'

I In the Vegetable Kingdom.—A large number of plantscontain amygdalm or bodies formed on the type of amygdaUnIn the presence of emulsin (or similar principles) and wate?,'
* Strength very uncertain.

cy!nSe\7sClnXSc^*S^ ^^f^^ - -o^on of
cLlk. Manipu]atiol.sS lAS elsifv de.l^''^,

P^^^^^^^
fumes, which, in one case related by MartTnM,/T^^

hydrocyanic acid

1872), were powerful enough to proSLe^'symptimrSpS^^^^^^^^ ''''

a'

12
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this breaks up into prussic acid and other compounds-aa

interesting reaction usually represented thus—

C^oH^^NOn+ 2H2O =ONH + O^HgO + 2C6H,20e

1 equivalent of amygdalin-i.e., 457 parts-yielding 1 equivalent

of ONH or 27 parts ; in other words, 100 parts of amygdalm

yield theoretically 5-909 parts of prussic acid,* so that the

Amount of either being known, the other can be calculated

'The' following plants, with many others, all P^l^
\y

^P^o-

priate treatment, more or less prussic
^^^^^"f/^^^, ^^'^rrY

Se leaves of the Gerasns acida ; the bark ^^d almost aU parts

of theXft^. ancuparia, S. hybrida and S.
^^J^"!

Jwii of the Cratcegus oxycantha: the leaves and_ partly also the

flowers of the shrubby >Spir^eacea, such ^^ Spvrea arumus S

^so7w:iia ^l\ S. japolica;i together with the roots of the

:utTt~se, however, has the exact amount of

eitlerTrussic acid or amygdalin been det^^^^^^^^^ 1 g- of

bitter almond PjlP/^tl S the'^sto^roflhe Jherry,

CrcUngt cent, of amygdalin; therefore,

'
r220X: '^dr;ilL'eV-i-M and the chei.y-

laulel (P« Lauro cerasus) contain, not amygd-1-
^^^^^^^

compound amygdalin with
--yg^^-i- foj^elt kt^^^

given the name of .laurO'Cerasin. It was lomeriy

ijand herbaceous Spiiw yield no pmsnc aoid.
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Francis,* in a recent research on the prussic acid in cassava
root, gives as the mean in the sweet cassava '0168 per cent., in
the bitter -0275 per cent., the maximum in each being respec-

tively -0238 per cent., and -0442 per cent. The bitter fresh
cassava root has long been known as a very dangerous poison

;

but the SAveet has hitherto been considered harmless, although it

is evident that it also contains a considerable quantity of prussic
acid.

The kernels of the peach contain about 2-85 per cent,

amygdalin ; those of the plum -96 per cent. ( = -056 HON) ; and
apple pips -6 per cent. ( = -036 per cent. HON).

It is of great practical value to know, even approximately, the
quantity of prussic acid contained in various fruits, since it has
been adopted as a defence in criminal cases that the deceased
was poisoned by prussic acid developed in substances eaten.

§ 221. Statistics.—Poisoning by the cyanides (prussic acid or
cyanide of potash) occupies the second place among poisons in
order of frequency in this country, and accounts for about forty
deaths annually.

According to the statistics given on p. 31, in a thousand
deaths from poisons of all kinds, two hundred and eighty-nine
males and sixty-seven females are likely to die from the
cyanides.

In order to ascertain the proportion in which the various
forms of commercial cyanides cause death, and also the propor-
tion of accidental, suicidal, and criminal deaths from the same
cause, Faick collated twelve years of statistics from medical
literature with the following result :

—

In fifty-one cases of cyanide poisoning, twenty-nine were
caused by potassic cyanide, nine by hydric cyanide, five by oil
of bitter almonds, three by peach stones, (these three were
children, and are classed as "domestic," that is, taking the
kernels as a food), three by bitter almonds, (one of the three
suicidal and followed by death, the other two " domestic ") one
by tartaric acid and potassic cyanide, (a suicidal case, an
apothecary) and one by ferro-cyanide of potassium and tartaric
acicl. Ui the forty-three cases first mentioned, twenty-one were
suicidal, seven criminal, eight domestic, and seven medicinal •

the forty-three patients were twenty-four men, fourteen childrenand five women. '

The cyanides are very rarely used for the purpose ofmurder: a poison which has a strong smell and a perceptible
taste, and which also kills with a rapidity only equalled by

* On Prussic Acid from Cassava, Aiialyst, April, 1877, p. 5.
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^^^-'''l-'-''''^r$,ZL0fl^ii"~'- ae favourite mean»

scientific medical men '''''^

"I'fjl^t^^^^^^^^ of

are always a,t hand i

'''"Vl/lfnoLoniifby^^^^^^ oj,.mdes scaLly
poisons has increased, ""P^'f^ZpS
YTe*to Sta rSorti^ie Slkes, and a still smaller

dumber S the immoderate or improper use of cyamde.=on-

h^ro^sioXin«:^f^^^^^^^^^
of the illustrious chemist, Scheele, who diM

the X-P»-7ff4-Vher: i^also'tS
" by lardieu,

breaking of a flask. ±iiere_ is dibu
, ^ j^ails

;

in which cyanide fvo—jl^^^^^"^^^^^^^

^Tith regard -e~ ^^^^^^^

and the child died after the f ?J, " ,*,\trtlie h
convinced that he had made no

f^^^^'
^^^^^^^ and then

S.^:iS:KrhiS r^tL'ATattingthe draught,

Etih^atdwasunco^^^^^^^^^^^^
8 223. i^atoZ ^^^^•-^^^^^^^^^'^ i^ f^lf victims to the

persons who in every
--^f/^^Xfwhif is^t^^^^^

cyanides, it is yet somewhat d"^^^*^^
^^j,, explanation of

dose likely to kill
f-^^'^f,j^tJnly the varying strength

this uncertainty is to be
.^^S^Xh varies from 1-5 (Schraeder's)

of commercial prussic acid which ^^i^^^ > condition

to 50 per cent. (Robiquet's)-and
^^^ '^'^^^^^J ,4ether the

of the%erson taking the VO^^-^^^f^^^Z number, the

stomach be full or empty. In by tar h «

* l^Empoisonncment par le cyamre de pota.snm,-g^r.o,, BulM.

''""'^'l^r^'TBTcJoi 'Joisonmg by tlie Cyanide of Potassiun..

Amer. Journal of Med. Scien., 1869.
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dose taken has been much beyond that necessary to produce

death, but this observation is true of most poisonings.

The dictum of Taylor, that a quantity of commercial prussic

acid, equivalent to 1 English grain (65 mgrm.) of the anhydrous

acid, would under ordinary circumstances be sufficient to destroy

adult life, has been generally accepted by all toxicologists. The
minimum lethal dose of potassic cyanide is similarly put at

2-41 grains (-157 grm.) As to bitter almonds, if it be considered

that as a mean they contain 2-5 per cent, of amygdalin, then it

would take 45 grms., or about 80 almonds to produce a lethal

dose for an adult; with children less—in fact, 4-6 bitter

almonds are said to have produced poisoning in a child.

§ 224. Action of Hydric and Potassic Cyanides on Living
Organisms.—Both hydric cyanide and potassic cyanide are

poisonous to all living forms, vegetable or animal, without
exception. The cold-blooded animals take a larger relative dose
than the warm-blooded, and the mammalia are somewhat more
sensitive to the poisonous action of these cyanides than birds

;

but all are destroyed in a very similar manner, and' without any
essential difference of action. The symptoms produced by
hydric and potassic cyanide are identical, and, as regards general
symptoms, what is true as to the one is also true as to the other.
There is, however, one important difference in the action of these
two substances, if the mere local action is considered, for potassic
cyanide is very alkaline, possessing even caustic properties. I
have seen, e.g., the gastric mucous membrane of a woman, who
had taken an excessive dose of potassic cyanide on an empty
stomach, so inflamed and swollen, that its state was similar
to that induced by a moderate quantity of solution of
potash. On the other hand, the acid properties of hydric
cyanide are very feeble, and its effect on mucous membranes of
the skin in no way resembles that of the mineral acids.

§ 225. Symptoms observed in Animals.—The main differences
between the symptoms induced in cold-blooded and warm-blooded
anmials, by a fatal dose of hydric cyanide, are as follows:

—

The respiration in frogs is at first somewhat dyspnoeic, then
much slowed, and at length it ceases. The heart, at first slowed,
later contracts irregularly, and at length gradually ceases,
^ut all these progressive symptoms are without convulsion.
Among warm-blooded animals, on the contrary, convulsions are
constant, and the sequence of the symptoms appears to be—
dyspnoea, slowing of the pulse, giddiness, falling down, then
convulsions with expulsion of the urine and fjeces^ dilatation of
the pupils, exophthalmus, and finally cessation of the pulse and
breathing. The convulsions also frequently pass into general
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paralysis, with loss of , reflex movements, weak, infrequent

breathing, irregular, quick, and very frequent pulse, and con-

siderable diminution of temperature.
. , • ^ ^

The commencement of the symptoms in animals is extremely

rapid, the rapidity varying according to the dose and the

concentration of the acid. It was formerly thought that the

death from a large dose of the concentrated acid followed tar

more quickly than could be accounted for by the blood carrying

the poison to the nervous centres; but Blake was among the

first to point out that this doubt was not supported by tacts

carefully observed, since there is always a sufficient interval

between the entry of the poison into the body and the first

symptoms, to support the theory that the poison is absorbed

ii the usual manner. Even when Preyer injected a cubic

centimetre of 60 per cent, acid into the jugular vein of a rabbit,

29 seconds elapsed before the symptoms commenced^ ^^''S
we have direct experiments showing that the acid-when applied

to wounds in limbs, the vessels of which --^^^led whjle he free

nervous communication is left open-only ^^^^^^^^^
^J^^^^ff^T

is removed. Magendie describes, m his usual graphic manner,

how he killed a dog by injecting into the jugular vein prussic

acid, and - the dog died instantly, as if struck by a cannon ball

but it is probable that the interval of time was not accurately

noted. A few seconds pass very rapidly, and might be occupied

even by slowly pressing the piston of the syringe down, and m
?S abLnce of Accurate measurements, it xs .B-prismg

comparatively long intervals of time are unconsciously shortened

bv the mind In any case, this observation by Magendie has

St^ confirmed by the accurate tests of the more
^^^^^^^^^

experimenters ; and it is universally acknowledged that although

;T Song do'ses of hydric cyanide injected into the -rculaUon

-or in other words, introduced into the system-m the most

favourable conditions for its speediest action, ^ieath occurs .nth

appalling suddenness, yet that it takes a time
^J^^^^^^^T

^^^j^^S

to admit of explanation in the manner ^^Sfff.
^his has

forensic importance, which will be again
f ^"J^f ^f-^^^^'^^U,

ments on animals show that a large dose of a dilute acicl kins

quTe as quickly as an equivalent dose of a -^^--^11^^^^^^

some cases it even seems to act more rapidly.

not take place within a few minutes, life ";ay F.^^iS^^^^^^^^

hours, and even, in rare cases, days, and
f^^.J^l^^^^f/^^^^i,^^^^^^^^^^

Ooullon poisoned a dog with prussic acid ;
it lived toi ^^^^^^^en

days, ancl then died; but this is quite an excep -iml case and

wheA the fatal issue is prolonged beyond an hour, the chance oi

recovery is considerable.
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§ 226. The length of time dogs poisoned by fatal doses sur-

vive, generally varies from two to fifteen minutes. When
the dose is short of a fatal one, the symptoms are as follows :

—

Evident giddiness and distress ; the tongue is protruded, the

breath is taken in short, hurried gasps, there is salivation,

and convulsions rapidly set in, preceded, it may be, by a cry.

The convulsions pass into paralysis and insensibility. After

remaining in this state some time, the animal again wakes up,

as it were, very often howls, and is again convulsed
;

finally, it

sinks into a deep sleep, and wakes up well.

Preyer noticed a striking diflierence in the symptoms after

section of the vagus in animals, which varied according to whether
the poison was administered by the lungs, or subcutaneously.
In the first case, if the dose is small, the respirations are
diminished in frequency

;
then, this is followed by normal

breathing ; if the dose is larger, there is an increase in the
frequency of the respirations. Lastly, if a very large quantity
is introduced into the lungs, death quickly follows, with respira-

tions diminished in frequency. On the other hand, when the
poison is injected subcutaneously, small doses have no influence
on the breathing ; but with large doses, there is an increase in
the frequency of the respirations, which sink again below the
normal standard.

§ 2-27
. Symptoms in man.—When a fatal but not excessive

dose of either potassic or hydric cyanide is taken, the sequence
of symptoms is as follows :—Salivation, with a feeling of con-
striction in the throat, nausea, and occasionally vomiting. After
a few minutes a peculiar constricting pain in the chest is felt, and
the breathing is distinctly aff'ected. Giddiness and confusion
of sight rapidly set in, and the person falls to the ground in
convulsions similar to those of epilepsy. The convulsions are
either general, or attacking only certain groups of muscles;
there is often true trismus, and the jaws are so firmly closed
that_ nothing will part them. The respiration is peculiar, the
inspiration is short, the expiration prolonged,* and between the
two there is a long interval ever becoming more protracted as
death is imminent. The skin is pale, or blue, or greyish-blue • the
eyes are glassy and staring, with dilated pupils ; the mouth is
covered with foam, and the breath smells of the poison • the
pulse, at first quick and small, sinks in a little while in fre-

_
* In a case quoted by Seidel (Maschka's ZTanrfiwc/t, p. 321), a man thirtv-six years o age, four or tive minutes after swallowing -15 akhydrous HCNin spmts, lay apparently lifeless, without pulse or breathin<. After ffewmmutes was noticed an extraordinary deep expiration, by which the rfb^were drawn in almost to the spine, and the cheat made quite ho low



Ii84 POISONS : THEIR effects and detection. [§ 228.

quency, and at length cannot be felt. Involuntary evacuation

of ffeces, urine, and semen is often observed, and occasionally

there has been vomiting, and a portion of the vomit has been

aspirated into the air-passages. Finally, the convulsions pass

into paralysis, abolition of reflex sensibility, and gradual ceasing

of the respiration. With large doses these difi'erent stages may

occur, but the course is so rapid, that they are merged the one

into the other, and are undistinguishable. The shortest time

between the taking of the acid, and the commencement of the

symptoms, may be put at about ten seconds. If, however, a

large amount of the vapour is inhaled at once, this period may

be rather lessened. The interval of time is so short, that any

witnesses generally unintentionally exaggerate, and aver that

the effects were witnessed before the swallowing of the liquid

—

"As the cup was at his lips"—"He had hardly drunk it," &c.

There is probably a short interval of consciousness, then come

giddiness, and, it may be, a cry for assistance ; and lastly, there

is a falling down in convulsions, and a speedy death. Convul-

sions are not always present, the victim occasionally appears to

sink lifeless at once. Thus, in a case related by Hufeland, a,

man was seen to swallow a quantity of acid, equivalent to lorty

grains of the pure acid—that is, about forty times more than

sufficient to kill him. He staggered a few paces, and then teU

dead, without sound or convulsion.

§ 228. The very short interval that may thus intervene

between the taking of a dose of prussic acid and loss of con-

sciousness, may be utilised by the sufferer in doing various acts

and thus this interval becomes of immense medico-iegai

importance. The question is simply this :—What can be

done by a person in full possession of his faculties m ten

seconds 1 I have found from experiment that, after drinking a

liquid from a bottle, the bottle may be corked, the mdividuai

can get into bed, and arrange the bedclothes m a suitable

manner : he may also throw the bottle away, or out ot tJie

window; and, indeed, with practice, in that shore tune a

number of rapid and complicated acts may be performed, iiiis

is borne out both by experiments on aiumals and by recordea

cases

In Mr. Nunneley's numerous experiments on dogs, one oi tne

animals, after taking poison, "went down three or four steps ot

the stairs, saw that the door at the bottom was closed, and came

back again." A second went down, came up, and went again

down the steps of a long winding staircase, and a third retamea

sufficient vigour to jump over another dog, and then leap across

the top of a staircase.
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In a remarkable case related by Dr. Guy,* in which a young
man, after drinking more wine than usual, was seized by a sudden
impulse to take prussic acid, and drank about 2 drachms,
producing symptoms which, had it not been for prompt treat-

ment, would, in all probability, have ended fatally—the interval
is again noteworthy. After taking the poison in bed, he rose,

walked round the foot of a chest of drawers, standing within a
few yards of the bedside, placed the stopper firmly in the bottle,

and then walked back to bed with the intention of getting into
it ; but here a giddiness seized him, and he sat down on the
edge, and became insensible.

A case related by Taylor is still stronger. A woman, after
swallowing a fatal dose of essence of almonds, went to a well in
the yard, drew water, and drank a considerable quantity. She
then ascended two flights of stairs and called her child, again
descended a flight of stairs, fell on her bed, and died within half
an hour from the taking of the poison.

Nevertheless, these cases and similar ones are exceptional, and
only show what is possible, not what is usual, the rule being
that after fatal doses no voluntary act of significance—save, it
may be, a cry for assistance—is performed.

§ 229. Chronic Poisoning hy Hydric Cyanide is said to occur
among photographers, gilders, and those who are engaged daily
in the preparation or handling of either hydric or potassic
cyanides. The symptoms are those of feeble poisoning, headache,
giddiness, noises in the ears, difficult respiration, pain over the
heart, a feeling of constriction in the throat, loss of appetite^
nausea, obstinate constipation, full pulse, with pallor and
offensive breath.

§ 230. Physiological Action of Hydric Cyanide.—Notwith-
standing the many researches which have been made with a view
to explain fully the action of hydric cyanide, the subject is
neither fully exhausted nor elucidated. The symptoms bear a
striking analogy to sufi-Qcation, or death by asphyxia, and from
the changes which occur in the blood (rendering that fluid unfit
to carry oxygen to the different parts of the system), it appears
probable that m the first instance the respiratory nervous centres
are affected, and next, that those fine processes aptly termed
internal respiration," in which takes place the interchange ofoxygen and carbon dioxide between the stationary livin*^ cefls ofthe tissues and the moving living cells of the blood, are interfered

with. The respiratory centre of the medulla oblongata beinffparalysed, convulsions occur as a natural sequence, but whethe?

* "Forensic Medicine," 4th Ed., p. 615.
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the cause of this interference of function is due to
^y^^^;;^^^^^

existing as such in tlie blood, or whether it

^f,
^^/^/^f

compounds which hydric cyanide induces m the blood is a moot

quXn Preyer cOnsidei that hydric cyanide acts directly on

the va-us centre, and this is the most probable theory

§ T^f Action of Prussic Acid on the ^Zood-Hydric cyanide

combines with the haemoglobin of the blood, and is s owly \

eweted it also more than any other poison prevents the

Schan^e of oxygen. If blood saturated with hydrocyanic acid

^ treated in a^ absorption tube with pure oxygen, the gas i^

not absorbed, nor is the colour of the blood cl--ged ^
if b -d

saturated with oxygen be confined over mercury, and a little

WbocvlTc acid in solution be added, there is a gi'adual

SoPnt of gas, which is found to consist of oxygen and

^'Sic'ty'aSji'appears to form a definite crystalline com^

Bowerfnl combination, that tliey crysta taed
°f

"™
'"m

filiation with an acid, prussic acid ^vas obtained • Ralpht

£s dicrM blue masses, like Berlin blue, in- the blood which

SrooS cS haracteristic ^hydrocyanic acid poisomng Dragen-

clorff has specially looted for this appearance, but has failed to

"to"tltoSein, the blood corpuscles possess the po^^^^^

'tTs rortawnTllVb"o(Vclric
cyanide after ingestion,

t Peroxide of hydro™, is an f\'fl^'^r'^"ll\r^c,y^>Ma^r.

x.n;^i;r.irfi:rffit„r;=»s.ri„», . so^io. of

H2O2 ia obtained.

§ ifcinc/6«c/(, 6th Ed., p. 49/. v.Un(TPnlS76
\ Judell, Die Fergifluvgmit Blausaure. Erlangen, 16 /o.

.
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but it is without doubt in part separated by the lungs and skin
in the secretions. It has not indeed been recognised, but it is

possible that it decomposes into ammonia and formic acid.

§ 232. Post-mortem Appearances*—If we for the moment leave

out of consideration any changes which may be seen in the
stomach after doses of potassic cyanide, then it may be affirmed

that the pathological changes produced by hydric and potassic

cyanides mainly coincide with those produced by suffocation.

The post-mortem appearances in the corpse of an adult suffocated
by carbon dioxide and one poisoned by hydric cyanide, will
present no difference which can be appreciated by the eye.
The lungs and right heart are full of blood, and there is a
backward engorgement produced by the pulmonic block. The
veins of the neck and the vessels of the head generally are full

of blood, and, in like manner, the liver and kidneys are congested.
In the mucous membrane of the bronchial tubes there is a bloody
foam, the lungs are gorged, and often (sdematous in portions

;

ecchymoses are seen in the pleura and other serous membranes

;

and everywhere, unless concealed by putrefaction, or some strong-
smelling ethereal oil, there is an odour of hydric cyanide.

Casper has rightly recommended the head to be opened and
examined first, so as to detect the odour, if present, in the
brain. The abdominal and chest cavities usually possess
a putrefactive smell, but the brain is longer conserved, so that
if this course be adopted, there is a greater probability of
detecting the odour.
The stomach in poisoning by hydric cyanide is not inflamed,

but if alcohol has been taken at the same time, or previouslv,
there may be more or less redness.

In poisoning by potassic cyanide, the appearances are mainly
the same as those just detailed, with, it may be, the addition of
caustic local action. I have, however, seen, in the case of a
gentleman who drank accidentally a considerable dose of potassic
cyamde just after a full meal, not the slightest trace of any
redness, still less of corrosion. Here the contents of the stomach
protected the mucous membrane, or possibly the larger amount

11 V
P^^^^^^o^* during digestion sufficiently neutralised the

alJjaJi. I'otassic cyanide, in very strong solution, may cause
erosions of the hps, and the caustic effect may be traced in themouth, throat, gullet, to the stomach and duodenum • but this
IS unusual, and the local effects are, as a rule, confined to the
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Stomach and duodenum. The mucous

Wood red reacts strongly alkaline,* is swollen, and it may be

e"rS T\e up/er layers of the epithelium- also of eu

Att^cI wHh the colouring-matter of the blood, which has Been

Slve 1 out Vthe cyanide. This last change is a post-morten.

Sjand canL imitated by digesting tl- -u-us—
of a healthy stomach in a solution of cyanide. The intensity ot

?Lse chanLs are, of course, entirely dependent on the dose and

eSinesT of the stomach. If the dose is so smal as just to
emptiness oi t

redness or swelling of the

ttSh lliht h -p'At the ti^e of.taHug the po^o. In

those caLes in which there has been vomiting, and a part oi tne

Wt hTs been drawn into the air-passages, there -7 1- ^ko

trchT; wlt^eX^^^ ofher essential oils
^^^^^^^^^^^

no strong alkaline reaction, nor anything approaching the ellects

^^i^;S^Htte.— -

s

:^L^S:y:tTn"on: riddedtiVre seems to have been

of silver

* The following case came recently imder
^7^^^^^^^

woman, 35 years of age,
^JfJ^fV/^.f^^ita^^^ about'l5 grains of t\e

a solution of cyamde of potash .

It
^f/^f an hour. The face was

sohd substance were swallowed ^Je
dm^ m^'''

strondy of cyanide ;

flushed, the body not decomposed , ^^^^ ^^"^'^^
it anS was in a most

the stomach had about an ounce °f
J^^\°°^y ^^'jji^'l f^tty degeneration of

intense state of congestion There wi^s co— The contents of

theUver, the kidneys were flabby, fjfe
capsule adne ^^.^

the stomach showed cyanide of potash and the Diooa

woman was known to be c^°*«.'^l'^'"'''7„^the alkaline cyanides, the solution

t In the case of testing m this way for the alkaline cy

must contain a little free nitric acid
separates on cooling. A

i It is soluble m hot dilute ?"t"°/<^i,^';yon? ammonia, develops

particle of silver cyanide, moistened with ^^s^^^^^^

needles ; silver chloride treated similarly, octahecirai j
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is the following :—Place the perfectly dry cyanide in a closed or
sealed tube, containing a few crystals of iodine. On heating
slightly, iodide of cyanogen is sublimed in beautiful needles.

These crystals again may be dissolved in a dilute solution of
potash, a Little ferrous sulphate added, and hydrochloric acid, and
in this way Prussian blue produced. If the quantity to be tested
is small, the vapour of the acid may be evolved in a very short
test tube, the mouth of which is closed by the ordinary thin discs
of microscopic glass, the under surface ofwhich is moistened with a
solution ofnitrate of silver; the resulting crystals of silver cyanide
are very characteristic, and readily identified by the microscope.

(2.) If, instead of silver nitrate, the disc be moistened with a
solution of sulphate of iron (to which has been added a little

potash), and exposed to the vapour a short time, and then some
dilute hydrochloric acid added, the moistened surface first

becomes yellow, then green, lastly, and permanently, blue. ISTo

other blue compound of iron (with the exception of Prussian
blue) is insoluble in dilute hydrochloric acid.

(3.) A third, and perhaps the most delicate of all, is the so-
caUed sulphur test. A yellow sulphide of ammonium, containing
free sulphur, is prepared by saturating ammonia by SHg, first sus'-
pending in the fluid a little finely-precipitated sulphur (or an
old, Hi-preserved solution of sulphide of ammonium may be used).
Two watch-glasses are now taken ; in the one the fluid containing
prussic acid is put, and the second (previously moistened with
the sulphide of ammonium described) is inverted over it The
glasses are conveniently placed for a few minutes in the water-
oven

;
the upper one is then removed, the moist surface evapo-

rated to dryness in the water-bath, a little water added, and
then a small drop of solution of chloride of iron. If hydrocyanic
acid IS present, the sulphocyanide of iron wiU be formed of a
striking blood-red colour.

"^^V^^^^r^ ""^^^^^ ^^^^^^ Schonbein's, or Pagenstecherand Schonbein's* (but long known,f and used before the publica-
tion of their paper), consists of guaiacum paper, moistened witha very dilute solution of sulphate of copper (1 : 2,000) This

\jTh T «-P°««d to the vapour of hydrocyanic addIJnfortunately, the same reaction is produced by ammoniaozone nitric acid hypochlorous acid, iodine, bromine, chrTate

.iLttt^ir^ ^^^'^^^^ -
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(5.) A very delicate test for prussic acid is f /^Jlo^;;:^;--

About one-half centigrm. of ammonia, ferrous sulphate (or other

pure ferrous salt), and the same ^--^^^y//^™

^rilngVTstX^^

-T)A hc^l2«^S^:^St^^ with picric

•S"^ 2 cfhWl red colour, due to the formation of picro-

lot .ot give JMs reaction, and there-

'^SicTexamiuatio.,— there a^^^^^ are n a^y

fragments of bitter almonds, of W=!>,?'''^,fJ^t"!J„ ^Tanide

no cyanide present, it
^^^'^^^.J^^rfere with subsequent

-aSt-/4'^s reeo^l^S, in^_
'Xk anT atrdTfierli*

q-nLy of sul

retort or flask, ancl aciameu
matters are unde:

phuric acid, or if the tissues or othei ^^l"^
"^^^^^ ^istUled

Lamination, they are finely
'J^^^f^'lt ^

after acidifying with
^^^P^^^^^^f,t ,naly^^^ not commi

here, as a caution, to remark f ^l^f .'J''J''7^„j,j^de by reagent

the Unpardonable error of first F^^^^^^^S
^^^^^^^^^^ poison th

acting on animal patters and then
^^^^^^^^IJ,,^ li^^er .

cyanide thus manufactured. If, ^ ,^^3 iDotash, and the

carbonised by nitric acid, saturated with P°^^^

* M. Casey Lea.-4«ier.Jo«m. ofSciencem, ix.. p. 121-123 ,
0. Soctet

1876, vol. i., p. 112.
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burnt up, cyanide of potash is always one of the products

;

and, indeed, the ashes of a great variety of nitrogenous organic
substances may contain cyanides—cyanides not pre-existing, but
manufactured by combination.

The old method of distillation was to distil by the gentle
heat of a water-bath, receiving the distillate in a little weak
potash water, and not prolonging the process beyond a few
hours. The experiments of Sokoloff, however, throw a grave
doubt on the suitability of this simple method for quantitative
results.

N. Sokoloff* recommends the animal substances to be treated
by water strongly acidified with hydric sulphate, and then to
be distiUed in the water-bath for from two to three days ; or to
be distilled for twenty-four hours, by the aid of an oil-bath; at a
high temperature. He gives the following example of quantita-
tive analysis by the old process of merely distilling for a few
hours, and by the new :

—

Old Process.—(1.) Body of a hound—age, two years
;
weight,

5,180 grms. ; dose administered, 57 mgrms. HON; death in
fifteen minutes. After five days there was found in the saliva
0-6 mgrm., stomach 3-2 mgrms., in the rest of the intestines
2-6 mgrms., in the muscles 4-1—total, 10-5.

(2.) Weight of body, 4,000 grms. ; dose given, 38 mgrms.

;

death in eleven minutes. After fifteen days, in the saliva O-s'm the stomach 7-2, in the rest of the intestines 2-2, in the
muscles 3-2—total, 13-4.

iVew; Process.—Weight of body, 5,700 grms.
;
dose, 57 mgrms. ;death in twenty-four minutes. After fifteen days, in the

saliva 1-1 mgrm., in the stomach 2-6, in the rest of the
intestines 9-6, m the muscles 31-9, and in the whole, 45-2
mgrms. Duration of process, thirteen hours.
From a second hound, weighing 6,800 grms.; dose, 67 mgrms. -

^5-1 mgrms. were separated three days after death.
From a third hound weighing 5,920 grms.; dose, 98 mgrms. :

after forty days, by distillation on a sand-bath, there wereseparated 2-8 mgrms. from the saliva, 4-8 from the stomach,
16^8 from the intestines, 23-6 from the muscles-total, 48 mgrmsIt would also appear that he has separated 51-2 mgrms ofanhydrous acid from the corpse of a dog which had been poisonedby 57 mgrms. of acid, and buried sixty days t

Po^sonetl

From another canine corpse, three days laid in an oven, and

I wT;/ P'''-^'^-'-
^««''^'«c7*. Berlin, ix., p. 1023

extraordinary. ^ minigrammea only appears rather
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X92 poisons: their EFFEClb -ft.J>L' 1^ Lo

left for twenty-seven days at the o^^^^^^^^^^^^^

Higrms. were recovered out of a fatal dose oi^

^%e estimation was KlS compounds hiving

KHO, and precipitating
^l^f^lf^''^,^^ Potassic Cyanides

§235. ^
f4ears to have separated prussic a..id

le Detected ?-Sokoloff
* appears to na i

one

from the body of
^^^^^^^^^^^^ cyanide in the

case sixty days ; ^^^^^^^^''^ 4en four weeks in his labora-

stomach of a hound after
^^^^^^^^^ Oasper also, in his

torY,t and in man eight days ^"er Durid
anhydrous

2l7ti case, states f
at more^ th.^^^^^^^

prussic acid were obtained ^om a corpse e g y ^ ^^^^

Ir. E. Tilbier § has recognised potassic cyam

Hionths after death. Lastly, Struve ^ut 6^0 ^^^^

of common water and 2 378
-^^ ^as easy, and the

the flask after
fl^^yi^J^J:^^:^^. there It first.

.

So

estimation agreed y^^^b the amo
at periods

;Ssic acicl cannot^— Cyanid..--
^

8 236. Estimation of Mydrocyamc^ estimating prussic acid

1^ all cases the :^^f^£^^Xfo:^^c substLces or in

(whether it be m
^^^^^^tw^^^ soda or potash, and

aqueous solution), is saturate it

J ^.^^^^^

titrate the alkaline
-[XlhfIJ tTat there is first formed a

The process is based on tbe fact tn
^^^^^^^ ,f

soluble compound (^C^'
f-^^^^^^^ cyanide is at once precipi-

silver breaks up, and tbe msoiuD y ^^^^^^

tated. If grains are used 17 g^^ams ot
^^^^ ^^^^

dissolved in water, the ^^^^^^^^^^^^^^ grain of anhydrous

Pleasures, e-l\r^TfTr:mme 1"^^^^^^^^ strength of the

hydrocyanic acid.
l\^'^'^^Z\d \T\-7 \rm. to the litre, each

Ttf-'^mt^^^^^ or .01302 grm. of potassic

^^tial oil of bitter— ^S^tX^^^tf

SicSrj^ sep^r^-^ thf— oil.^ If «anic

$ Casper's Pract. Handhuch der Gmc^«««^^«»
^93.
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acid is determined gravimetrically (which is sometimes con-
venient, when only a single estimation is to be made), it is pre-
cipitated as cyanide of silver, the characters of which have been
already described.

§ 237. Case of Poisoning by Bitter Almonds.—Instances of poisoning by
bitter almonds are very rare. The following interesting case is recorded by
Maschka :

—
A maid-servant, Til years of age, after a quarrel with her lover, ate a

quantity of bitter almonds. In a few minutes she sighed, complained of
feeling unwell and faint ; she vomited Uvice, and, after about ten minutes
more had elapsed, fell senseless and was convulsed. An hour afterwards a
physician found her insensible, the eyes rolled upwards, the thumb clenched
withm the shut fists, and the breathing rattling, the pulse very slow. She
died withm an hour and a half from the first symptoms.
The autopsy showed the organs generally healthy, but aU, save the liver

exhahng a famt smell of bitter almonds. The right side of the heart was
lull of fluid dark blood, the left was empty. Both lungs were rich in blood
which smelt of prussic acid. The stomach was not inflamed—it held 250
grms. of a yellow fluid, containing white flocks smelling of bitter almond
oil in the most dependent portion of the stomach there was a swoUen
patch of mucous membrane, partially denuded of epithelium. The mucousmembrane oi the duodenum was also swollen and sli<Thtly red. The contents
of the stomach were acid, and yielded, on distillation, hydride of benzoleand hydric cyanide. Residues of the almonds themselves were also foundand the whole quantity taken by the woman from various data was cal!culated to be 1 200 grams of bitter almonds, equal to 43 grains of amygdalin,or 2 5 grains of pure hydric cyanide.

'

POISONOUS CYANIDES OTHER THAN HYDRIC AND
POTASSIC CYANIDES.

. ^P^: "E^® ^'^tion of both sodiG and ammonic cyanides is pre-
cisely similar to that of potassic cyanide. With regard to ammoniccyamde, there are several experiments by Eulenberg,* showingthat Its vapouris intensely poisonous.

*

c^latThtlefTl'^
ammonic cyanide vapour was passed intoglass shades, under which pigeons were confined. After aminute, symptoms of distress commenced, then fo lowed con

lo tC' f
Post^nort^m signs werl simUar

was

.§ 239. With regard to the '^double cyanides, all those are

* Gewcrbe Hygiene, p. 335.

13
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Sounonschem records tie do.th of a f f^ ^^^t

c^i s to S Spee pksonous. O. the contrary, there are

:SutK iS^^^^^^^^^ to cyaUgen ;
but tMs is exToneous

attriDutea w 10
. that it is decomposed by the

,!rii5sh:iS£a-raSis^-"w^^^^^^^
muscles,

^^^^;}f;;.Z7^^^^ also the compound {O3N3OI3)
Cyanogen Chloride ^^^y)

a
solid, which may

^^STct^sW: ^^th poisonous, a^ting Bie hydrio

tare of calcic methyl sulphate and PptJ^J^JJ™ ^th
at 77°, and is intensely po'sonous EulenbergJ

thissubsta.ce ^^^^ under aW
"iXl sulphate and pota^sic

'=y7?«;*fS=e3 '^'*'^„^er In

beca4 immed^tely restte^s «je fec^^we^^ P
^

be dilated, hut the
«P™''°^t''?it°-^^^^^^^^ S turbid white

S&tSLt^^^^^
* Substances Toxiques, vV-^^-'^^f; ^. t ^0,1 Cyanqueck-Silber, in

Ho^e^sSjlcr's Med. Chem. Untersnchuwcn, 2 Heft, p. 2/9.

t Cowpl Rend. , t. 64, 1867, p. 561.

§ Oewerbe Eygiine, p. 392. -
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The pathological appearances were as follows :—In the beak

much watery fluid ; the membranes covering the brain weakly

injected ; the plexus venosus spinalis strongly injected ; in the

region of the cervical vertebra a small extravasation between the

dura mater and the bone ; the right lung of a clear cherry-red

colour, and the left lung partly of the same colour, the par-

enchyma presented the same hue as the surface ; on section of

the lungs a whitish froth exuded from the cut surface. In the

cellular tissue of the trachea, there were extravasations 5 mm.
in diameter; the mucous membrane of the air-passages was
pale ; the right ventricle and the left auricle of the heart were
filled with coagulated and fluid dark-red blood ; liver and
kidneys normal ; the blood dark-red, and very fluid, becoming
bright cherry-red on exposure to the air ; blood corpuscles un-
changed. Cyanogen was separated, and identified from the
lungs and the liver.

Gyanuric Acid (OgOgNgHg), one of the decomposition-products
obtained from urea, is poisonous, the symptoms and pathological
efiects closely resembling those due to hydric cyanide. In experi-

ments on animals, there has been no difiiculty in detecting
prussic acid in the lungs and liver after poisoning by cyanuric
acid.

XII.—PHOSPHORUS.

§ 240. Phosphorus.—Atomic weight 31, specific gravity 1'77 to
1-840. Phosphorus melts at from 44-4° to 44-5° to a pale yellow
oily fluid. The boiling point is about 290°.

The phosphorus of commerce is usually preserved under water
in the form of waxy, semi-transparent sticks ; if exposed to the
air white fumes are given ofi", luminous in the dark, with a
peculiar onion-like odour. On heating phosphorus it readily
inflames, burning with a very white flame.
At 0° phosphorus is brittle; the same quality may be

imparted to it by a mere trace of sulphur. Phosphorus may be
obtained in dodecahedral crystals by slowly cooling large melted
masses. It may also be obtained crystalline by evaporatino- a
solution in bisulphide of carbon, or hot naphtha in a current'^of
carbon dioxide. It is usually stated to be absolutely insolublem water, but JuHus Hartmann* contests this, having found in

* Zur acuten Phosphor- Vergi/tung. Dorpat, 1866,
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some experiments, that 100 grms. of water digested with

phosphorus for 64 hours at 38-5° dissolved -000227 grm. He
also investigated the solvent action of bile, and found that 100

grms. of bile under the same conditions, dissolved -02424 grm.,

and that the solubility of phosphorus rose both in water and bile

when the temperature was increased. Phosphorus is somewhat

soluble in alcohol and ether, and also, to some extent, in fatty

and ethereal oils ; but the best solvent is carbon disulphide.

The following is the order of solubility in certain menstrua,

the figures representing the number of parts by weight of the

solvent required to dissolve one part of phosphorus :

—

Carbon Disulphide,

Almond Oil,

Concentrated Acetic Acid,* .

Ether, ....
Alcohol, Specific Gravity -822,

Glycerine,

4
100
100
250
400
588

Phosphorus exists in, or can be .
converted into, several

allotropic modifications, ofwhich the red or amorphous phosphorus

is the most important. This is effected by heating it for some

time, in the absence of air, from 230° to 235°. It is not poison-

ous.-f Commercial red phosphorus does, however, contain very

small quantities of unchanged or ordinary phosphorus—according

to Fresenius, from -6 per cent, downwards ; it also contains

phosphorus acid, and about 4-6 per cent, of other impurities,

among which is graphite. J
,-r,-rr \ i -1,4-

§ 241. FhosplmreMed Hydrogen.—Phosx>hine (PH3), mol. weignt

34 specific gravity 1-178, percentage composition, phosphorus

9l'43 hydrogen 8-57 by weight. The absolutely pure gas is

not spontaneously infiammable, but that made by the ordinary

process is so. It is a colourless, highly poisonous gas which

does not support combustion, but is itself combustible, burning

to phosphoric acid (PH3 + 20^ = PO.Hg). Extremely dangerous

explosive mixtures may be made by combining phosphine and air

or oxyt^en. Phosphine, when quite dry, burns with a whit«

flame but if mixed with aqueous vapour, it is green
;
hence a

hydrogen flame containing a mixture of PH3 possesses a green

colour.

* Phosphorus is very little soluble in cold acetic acid, and the solubility

given is only correct when the boiling acid acts for some time on the

phosphorus.^^
took 200 grms. of red phosphorus in twelve days, and

remained healthy.—Sonnenschein.

X SchrOtter: Chem. News, vol. xxxvi., p. 198.
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If sulphur is heated in a stream of phosphine, hydric sulphide
and sulphur phosphide are the products. Oxides of the metals
heated with phosphine, yield phosphides with formation of
water. Iodine, warmed in phosphine, gives white crystals of
lodme phosphonium, and biniodide of phosphorus, 51 + 4PH =
3PIH4 + PIo- Chlorine inflames the gas, the final result bein<^
hydric chloride and chloride of phosphorus, PII3 + 801 = 301H
+ POI5. One of the most important decompositions for our
purpose IS the action of phosphine on a solution of nitrate of silver •

there is a separation of metallic silver, and nitric and phosphoric

T^w^'n Pn ^? '''^^f'''''
8^gN03 + PH3 + 40H2 = 8Ag-fSHNO +P0,H3. The excess of silver can be separated hy

hydric chloride, and the phosphoric acid made evident by the
addition of molybc ic acid in excess-a test which is one of the

fZl fo^, phosphine, and hence for phosphorus.
M2. 1 he Medicinal Preparations of Phosphorus are notnumerous; it is usually prescribed in the form of pills, oftenmade by manufacturers of coated pills on a large scale Besides

pills, there is a phosphorated oil; that of the French pharma-

ZTn/ir 7"'^ P-f' f ^"^^^ phosphorus dissolved in 50

Tl /!^T^ has 1 part in 80:

per c?nl ^ ^^^^^^

vLltt.f'^fl '"i.
J'c^ies.-An acquaintance with thepercentage of phosphorus m the different pastes and matchesof commerce will be found useful. Most of the vermin-destrov-mg pastes contain from 1 to 2 per cent, of phosphoru"

^
A phosphorus paste that was fatal to a child,* and .^ave

"

to serious symptoms in others, was composed as'folbws?-

Phospliorus, .
Percent.

Flowers of Sulphur-,
; [ ] [ [

Sugar^ 42|

rise

100-00

Three common receipts give the following proportions

;

Phosphorus, .

Lard, .

Sugar, .

Flour, .

n ,
100 -0

Casper's 204th case.
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Phosphorus, .

Warm Water,

Rye Flour, .

Melted Butter,

Sugar, •

Phosphorus, .

Nut Oil,

Warm Water,
Flour, .

Sugar, .

100-00

Per cent

1-6

15-7

31-5
31-5

19-7

100 00

the active constituent being ^J^**^\,^^^^^^^^ ^Mch had been

differ much in <;Oravosit.on
J^^^^^^

' submitted to

placed in an apple for Tm-Vms of phosphorus, i.e.,

Weu, were found
«°fXin ^ tadred matche^^^

•33 grm. in 100. Mayet found in a
^J^^^^^^ ^ j^^s of phos-

ofpLphorus ^<^-^X:^^^^^\tS^"--T^ree EngUsh
phorus matches with the

33 ^^^a 32 mgrms. of

samples contained m 100
'^f'^f^^^''. ^nd five others of

phosVorus ;
.a Belg-n -mple

f ^-^^^^^ ^^^^,,,^,,1^.

^^:ZC7^£^—ies are as follows:-

(1.) Glue,
Phosphorus,
Nitre,

Bed Ochre,

Blue Smalts,

(2.) Phosphorus,

Gum,
Nitre,

Smalts,

(3.) Phosphorus,
Glue,
Nitre,

Bed Lead, .

Smalts,

3)

6 parts.

4 „ or 14-4 per cent.

10
5
2

9 parts, or 16-3 per cent.

16 „
14 „
16 „

4 parts, or 14-4 per cent.

6 „
10 ,,

5 „
2 „

Mederlandsch Tijdsdir. voor Gcneesk. Afol. i., 1S66.
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(4. )
Phosphorus, . . 17 parts, or 17 per cent.

Glue,. . . . 21 „
Nitre, . . . 38 ,,

Red Lead, . . . 24 ,,

Phosphorus-poisoning by matches -will, ho-wever, shortly become
very rare, for those containing the ordinary variety of phos-

phorus are gradually being superseded by matches of excellent

quality, which contain no phosphorus whatever.

§ 244. Statistics.—According to the Registrar-General's mor-
tality returns for the five years, 1876-1880, phosphorus occupies

the eleventh place in the order of frequency among deaths from
all poisons. In those five years it caused the death of 17
males and 29 females, total 46—a number perhaps equal to
about 60 cases. The total deaths in the same period from
all poisons (omitting those from poisonous fungi, putrid shell-

fish, and the like) were 1,581. It follows, that deaths from
phosphorus-poisoning accounted for 29 per thousand of deaths
from poisoning by all causes. The ages of the 46 persons
whose deaths are recorded fell into the following groups :

—

Ages—Years. -5 5- 10- 15- 20- 25- 35- 45- 55- 65- Total,

Deaths from "i

Phosphorus
[

24 2 1 4 1 7 1 4 1 1 46
Poisoning.

)

Therefore, 27 (or rather more than half) were children, and
19 were adults. Fourteen out of the 19 adults took phosphorus
for the purpose of suicide, all the other cases were due either to
accident or negligence.
A far greater number of cases of poisoning by phosphorus

occur yearly in France and Germany than in England. Phos-
phorus may be considered as the favourite poison, which thecommon people on the Continent employ for the purpose of
self-destruction. It is an agent within the reach of any onewho has two sous in his pocket, wherewith to buy a box ofmatches; but to the educated, and to those who know 'thehorrible and prolonged torture ensuing from a toxic dose

?avJured"'''
'^''''^ °^ ^"^""^ ^^11 ^^^^^^ be
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Otto Schraube * has collected 92 cases from Meischner's work,t

and added 16 which had come under his own observation, giving

in all 108 cases. Seventy-one (or 65 per cent.) of these were

suicidal-of the suicides 24 were males, 47 females (12 of the

latter being prostitutes) ; 21 of the cases were those of murder,

11 were accidental, and in 3 the cause was not ascertained.

The number of cases in successive years, and the kind of poison

used, is given as follows :

—

Number of Cases.

15 .

36 .

41 .

16 .

In the Years.

1798-1850
1850-1860
1860-1864
1864-1867

Phosphorus in
Substance

or as Paste.

13
15
6

Phosphonis
Matches.

2
21
35
11

Of the 108 cases, 18 persons recovered and 90 (or 83-3 per

cent.) died. „ . r -^,,0

Falck also has collected 76 cases of poisoning from various

sources during the last eleven years; 55 were suicidal, 5 homi-

cidalt (murders), and the rest accidental. Of the la,tter, 2 were

caused by the use of phosphorus as a medicine, 13 by accidents

due to phosphorus being in the house ;
in 1 case pl^ospliorus

was taken intentionally to try the eflfect of an antidote.§ With

re<^ard to the form in which the poison was taken, 2 ot tiie 10,

as" already mentioned, took it as prescribed by physicians,

the remaining 74 were divided between poisonings by phos-

phorus paste "(22) and matches (52) = 70 per cent. Of the 76

cases, 6 were children, 43 adult males, 13 adult females, and 14

adults, sex not given. Of the 76 cases, 42 or 55-3 per cent^

died-a much smaller rate of mortality than that shown by

Schraube's collection.
„ , , i :^ +i-,o<-

& 245. Fatal Dose.—The smallest fatal dose on record is that

mentioned by Lobenstein Lobel, of Jena where a
^^^^

died

from taking 7-5 mgrm. (-116 grain). There are other cases

clearly indicating that this small quantity may produce dangerous

symptoms in a healthy adult.
_ . .

§ 246. Ffeds ofFhosphonis.—Phosphorus is excessively poison-

* Schmidt's Jalirbucher der Oer. Med 1867. Bd 186
l-^^J>'^f^- ^^j^^,.

f Die acute Phosphorose und einige Heflexionenuber die acute gelOe l^eoer

atrophie, cfcc, Inaug. Diss. Leipzig, 1864.
r,mctnnous dose

t Dr. Dannenberghaa shown by direct expenment
.'^ P^^°°°^,' J°'e

of phosphorus maybe introduced into spirits or coffee,
^"J,

f

but little odour or taste of phosphorus. - Schuchardt m MascUKa s

//and6t^^.^^
?7e6er Terpentinessevz als Oegenmettel gegen Phosphor," in Gaz,

Held, de Med., 2 Ser., x., 2, 1873.
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ous, and will destroy life, provided only that it enters the body
in a fine state of division, but if taken in coarse pieces no
symptoms may follow, for it has been proved that single lumps
of phosphorus will go the whole length of a dog's intestinal canal
without causing appreciable loss of weight, and without destroy-
ing life.* Magendie injected oleum pliosphoratum into the veins,
and although the animals experimented on exhaled white fumes,
and not a few died asphyxiated, yet no symptoms of phosphorus
poisoning

^
resulted—an observation confirmed by others—the

reason being that the phosphorus particles in a comparatively
coarse state of division were arrested in the capillaries of the
lung, and may be said to have been, as it were, outside the body.
On the other hand, A. Brunner,t working in L. Hermann's
laboratory, having injected into the veins phosphorus in such a
fine emulsion that the phosphorus could pass the lung capillaries,
found that there were no exhalations of white fumes, but that
the ordinary symptoms of phosphorus poisoning soon manifested
themselves. Phosphorus paste, by the method of manufacture, ism a state of extreme sub-division, and hence all the phosphorus
pastes are extremely poisonous.

§ 247. In a few poisons there is a difi^erence, more or less
marked, between the general symptoms produced on man, and
those noticeable m the difi-erent classes of animals : but with
phosphorus, the eff-ects on animals appear to agree fairly with
those witnessed most frequently in man. Tardieu (who haswritten perhaps the best and most complete clinical record ofphosphorus poisoning extant) divides the cases under three
classes, and to use his own words: "I think it useful to establish

times^ JoT! ^<^^^««' sometimes rapid, some-

commor,T'
symptoms three distinct forms-a

.
a.& MiUic,.Le,a,e a' Vm.p.,-.ur lE^pommt^e,,,. Pari,, ,8,6,
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cases which have an entirely anomalous course, and do not Ml

under any of the three classes.

From a study of 121 recorded cases of phosphorus poisoning,

I beTve the rdative frequency of the different forms to be
^

follows :-The common form 83 per cent., hemorrhagic 10 pe

cent nervous 6 per cent., anomalous 1 per cent. The "anomalous

proS; ovL-estimated, for the -so- ^hat ^.s present^g

ordinary features are not necessarily pubhshed, but others are

nparlv always chronicled in detail. n • „

§ 248 cLr>^on Form.-At the moment of
^^^fo-f^g' ^

dislgreeable taste and smell are genera ly
P^^^^f.^^' ^"^.'^^^^^

may be immediate and intense pam m the
f^^^^^f^f'^^

Imach, and abnost immediate retching vom^mg The

throat aiid tongue also may become swollen and painful but m a

considerable number of cases the symptoms are not at once

^™nt but are delayed from one to six hours-rarely longer.

Xperson B miy be phosphorescent before ^eels
-^^^

way affected, and he may go about
^^^^^J^f

! ^^^^
-P

'SiS
number of acts requiring both time and

^^^-^^^^^^^^^^^^^

nr, ^tninach ^which, in some of the cases, takes tne lorm ui

•4ttX id vomWg) succeeds ;
the matters

shme m the dark, ar>d are often tmged
'''"'^^^^.'Jf7nhe

sometimes present, sometimes ''^s»ut sleeplessness to^^^^

Settt £,rt,Vr:SirX;.S te^^^^^^^^
bumctiiuco " ^ ' Qc.Ao o.R.K" \n the evenms to oo •

morning is usually from_ 36-0 to 36 5 in tne eve „

The next symptom is jaundice. I
l^^^f, ^f.^^^' \

cases, in which the Pf ^
^^f^ centoTwa. entirely

occurrence of jaundice, m 3 or
\1

P^^^
^eischner, and

absent. In 132 cases recorded ^e^;^^
but it

Heisler, jaundice occurred m ^5, or ^^^^^^^ individual

must be remembered, that m many
f^^'^^'^^^'''.^^^^^ having

died before it had ^-^.J^^^Xthoroughly pronounced itself, ^l^^^y^*^^
^J^^ of phosphorus,

not only under the mfluence
o^^^^^^jfi^S^^^^^ incidental to
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as acute yellow atrophy. There is retention of urine, sleepless-

ness, headache, frequent vomiting, painful and often involuntary

evacuations from the bowels, and occasionally skin affections,

such as urticaria or erythema. The case terminates either by
acute delirium with fever, followed by fatal coma, or, in a few

instances, coma comes on, and the patient passes to death in

sleep without delirium. In this common form there is in a few
cases, at the end of from twenty-four to thirty hours, a remission

of the symptoms, and a non-medical observer might imagine that

the patient was about to recover- without further discomfort ; but
then jaundice supervenes, and the course is as described.

Infants often do not live long enough for the jaundiced stage to

develop, but die within twenty-four hours, the chief symptoms
being vomiting and convulsions.

§ 249. Ecemorrhagic Form.—The symptoms set in as just

detailed, and jaundice appears, but accompanied by a new
and terrible train of events—viz., great effusion of blood. In some
cases the blood has been poured out simultaneously from the
nose, mouth, bladder, kidneys, and bowels. Among women there
is excessive hsemorrhagia. The liver is found to be swollen and
painful ; the bodily weakness is great. Such cases are usually of
long duration, and a person may die months after taking the
poison from weakness, anaemia, and general cachexia. In many
of its phases the hsemorrhagic form resembles scurvy, and as in
scurvy there are spots of purpura all over the body.

§ 250. The Nervous Form is less common than the two forms
just described. From the beginning, there are strange creeping
sensations about the limbs, followed by painful cramps, repeated
faintings, and great somnolence. Jaundice, as usual, sets in,
erythematous spots appear on the skin, and, about the fifth day,
delirium of an acute character breaks out, and lock-jaw and
convulsions close the scene.
The following are one or two brief abstracts of anomalous

cases in which symptoms are either wanting, or run a course
entirely different from any of the three forms described :—A woman, aged twenty, took about 3 grains of phosphorus in
the form of rat-paste. She took the poison at six in the evening
behaved according to her wont, and sat down and wrote a letter to
the king. Durmg the night she vomited once, and died the next
morning at six o'clock, exactly twelve hours after takin<r the
poison. There appear to have been no symptoms whateverfsave
the single vomiting, to which may be added that in the course
of the evening her breath had a phosphorus odour and wasiiunmous.*

* Casper's 205th case.
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A girl swallowed a quantity of phosphorus paste, but there

Avere no marked symptoms until the fifth day, on which there

Avas sickness and purging. She died on the seventh day._ A
remarkable blueness of the finger nails was observed a little

before death, and was noticeable afterwards.*

§ 251. Sequelce.—In several cases in Avhich the patients have

recovered from phosphorus poisoning, there have been observed

paralytic affections. t O. Bollinger has recorded a case in Avhich

paralysis of the foot followed ;t in another, published by Bettel-

heim,§ there were peculiar cerebral and spinal symptoms. Most

of these cases are to be explained as disturbance or loss of

function from small haemorrhages in the nervous substance.

§ 252. Period at wJdch the first Symptoms commence.—The time

when the symptoms commence is occasionally of importance

from a forensic point of view. I find that out of 28 cases

in which the commencement of evident symptoms

—

i.e., pain,

or vomiting, or illness—is precisely recorded, in 8 the symptoms

were described as either immediate or within a few minutes after

swallowing the poison; in 6 the symptoms commenced within

the hour; in 3 within tAvo hours; in other 3 within four

hours; and in 1 within six hours. One was delayed untU

the lapse of twelve hours, 1 from sixteen to eighteen hours,

1 tAvo, and another five days. We may, therefore, expect that

in half the cases which may occur, the symptoms will commence

within the hour, and more than 80 per cent, within six hours.

§ 253. Period of Death.—In 129 cases death took place as

follows:—In 17 within twenty-four hours, in 30 within two

days, in 103 within seven days. Three patients Hved eight

days, 6 nine days, 13 ten days, 1 eleven days, 1 sixteen days,

1 seventeen days, and 1 survived eight months. It hence

folloAvs that 79-8 per cent, of the fatal cases die withm the week.

§ 254. Phosphorus Vapour.—T\\%ve are one or two cases on

record of acute poisoning by phosphorus in the form of ^apo^r.

The symptoms are somewhat different from the eflects produced

by the finely-divided solid, and in general terms it may be said

that phosphorus vapour is more apt to produce the rarer

" nervous " form of poisoning than the solid phosphorus.

Bouchardatll mentions the case of a druggist who, while

preparing a large quantity of rat-poison in a close room, inhaled

« Taylor on " Poisons," p. 277.
, . • io^r

+ See GaUavardin, Les Paralyses Phosphoriques ^Pa"s, ISbo.

+ Deutsches Archiv f. Klin. Med., Bd. 6, Htt. 1, S. 94, 1869.

§ Wiener Med. Presse, 1868, No. 41, „
, , . , , tt„„j

I Annuaire de Thirap., 1874, p. 109. Scliucliardt in Masclikas Hand-

buck; also Schmidt's Jahrbuch, 1846, Bd. 51, S. 101.
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phosphorus vapour. He fainted repeatedly, fell into a complete
state ot prostration, and died within a week.
The following interesting case came under the observation of

Professor Magnus Huss :—A man, thirty-nine years old, married,
was admitted into the Seraphin-Lazareth, Stockholm, on the 2nd
of February, 1842. He had been occupied three years in the
manufacture of phosphorus matches, and inhabited the room inwhich the materials were preserved. He had always been well-
conducted m every way, and in good health until a year pre-
viously, when a large quantity of the material for the manufacture
of the matches accidentally caught fire and exploded. In hisendeavours to extinguish the flames, he breathed a large quantityof the vapour, and he fell for a time unconscious. ^The spineafterwards became so weak that he could not hold himself upand he lost, m a great measure, power over his legs aTd arms'On admission, his condition was as follows :-He could ma™ a

Zor:M7ci:'^'Tt' ^^^^^^ ^--^led, hTsti:W w
attempted to grasp anything when he lay in bedthere were involuntary twitchings of groups of muscles Therewas no pam; the sensibility of the skin was unchanged • he hadformicationm the eft arm

; the spine was neither sensSve to pres

Dt a hot sponge)
;
the organs of special sense were not affected3ut his speech was somewhat thick. He lived to ll\^T ^^

'

'tZ tTf P^^^^^^^^ becamftvorle' Th ^e does not.eem to have been any autopsy
-^xieie uoes not

lad elapsed there was sudden •5^'" ^^^""^J-^onr hours
ifeless, with the hind 1x11^ ^ '^^^^',*^^ if

novements were vis^ e tWt i'*'^'"^^
^""^ intestinal

rhese epileptiform s i u^e te^^^^^^^ ^
'""P."^'^'^

br twelveV, ancThen" ea^^^^^
less

experiment was repeated nn fi
"""^ fourteen days the

emained exposed t^o the Cu lor'X' ^^'^^^^
^hen the epilepsy showedTtself if "^^^'^^'^ l^«"r,

egularly after feilinr Lwee/ th, ^? '^^^^^
^as slowed. Eight weeks Xrw i

respiration
^terus, which dis^Teta^t tZllh^ZZ^' '""''^'^

* Gewerbe Ilygiine, p. 255.
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noticed in persons engaged ejttier m tne
^^^^

phorus or in its technical ^PPl^^^^^^^-^.^T-f phosphorus rather

Tyniptoms are due to an oxxda
-^^^^^^

than to phosphorus itself,
r^osphorus fumes evolved

in which a dove was killed by breathm^^^^^

,y phosphoruso« X^tnstl'a^d peculiar effect

free state m . r^Tin^tihorus vapour is a necrosis

of breathing small LSm^^^^^ of the periosteum

of the lower jaw. mere is
^„-,„„^ation and necrosis of a

of the jaw, which P^^-^^^^^^^/Ss may develop with great

greater or smaller P^f
effects

y^^.^^ ^^^.^^^^

suddenness, and end
^ff^J.'-'^ll^^ old, who, after working

relate the case of a girl, ^^^^^^^^^
l^f^' ""^'as suddenly affected

four years in a P^oBpliorus manufactory w^b
^^^^^ ^

with periostitis of the upper jaw, and
^^^^J ^^^^^ comatose.

eruption of P-^f .?.t% Xute dSLf phol^h^^^^
There is now little doubt that minute

2rZvLJecis.]lj on the

specific action on^theW^^^^^^^^^^^

bones of the jaw. Wegnerj
^^pour, and as a finely-

Sd=:^^'^^t^"^^

S-SSctured limbs -s als~sed^ ^^^^ ^^^^^^

§ 256. Changes ^n the f^™^^.^"^
the renal secretion

Jted that, at a ce^-n Pm^d ^Se SsHng, according to

is scantier than m health, the ^"""^^^^^
^.^1 third, fourth,

Lebert and Wyss'sJ
--^^-[.^^^^^^.^.S^^^ a^^^^^^

blood, and casts.

. or fifth day. I*. fre^^^^^^y^etXe ^^^^

When jaundice is f ^^ays present in acute

noticed in icterus ;
leucm

^^J^

tyr°^^'
^^^J small quantity

yellow atrophy of the liver have been loun
^^^^^^

I jaundiceWugh f Riess,§

nrea is much diminished,
J^'^,

accordin^^^ ^^.^

Ee^S re^h^la^^^^^^^^^ ^ ^^^^^"^^

''T^^^'^-^^^:fj£^ ^rKreiisrot
s „j Tn a case attenaeu

times observed. m a

* Gaz. hehd. de M6d.,29., p. 461., 1S68.

t Vir^how's Arch./. Path. Anat., Iv 11.
^^^^ ^

1 Archw 66nerale de M6d. ,
b e>er.,

I Anmlen der CluirM, BerUn.
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Brussells,* in which a man took the paste from 300 matches, and
Tinder treatment by turpentine recovered, the blood was' fre-
quently examined, and the leucocytes found much increased in
number. There is a curious conflict of evidence as to whether
phosphorus prevents coagulation of the blood or not. ISTasse
asserted that phosphorated oil given to a dog fully prevented
coagulation; P. I. Liebreckf also, in a series of researches, found
the blood dark, fluid, and in perfect solution. These observa-
tions were also supported by V. Bibra and Schuchardt t
Nevertheless, Lebert and Wyss found the blood, whetherm the veins or in extravasations, in a normal condition
Phosphorus increases the fatty contents of the blood Eitter
found that phosphorus mixed with starch, and given to a do<^
raised the fatty content from the normal 2 per thousand up to
3-4:1 and 347 per thousand. Eug. Menard§ saw in the blood
from the jugular and portal veins, as well as in extravasations,

S'etr'°
globules and fine needle-shaped crystals soluble

§ 258 Aniidote—Treatment—After emptying the stomach bymeans of emetics or by the stomach pump, oil of turpentine i^Ml medicinal doses, say 2-5 cc. (about 40 min.), frequently
administered, seems to act as a true antidote, and a large per-centage of cases treated early in this way recover
§259. Poisonous Effects o/Fhosphine (Phosphuretted hydro^en^

-l^xperiments on pigeons, on rats, and other animals, and a^'fewvery rare cases among men, have shown that phosphine has alexciting action on the respiratory mucous mLbranes! and asecondary action on the nervous system. EulenbergN 'exposed

v>}STV:
atmosphere containing 1-68 per cent ' ofThosphme There was immediate unrest; at the end of tWminutes, quickened and laboured breathing (100 a minute)

tt boTand wif ' ?1 lay prostrate,' w\th shiv™gtftne body and wide open beak ; after eight minutes there wn<,vomiting
;
after nine minutes, slow brea'thing (34 p^r mTnutTafter twe ve minutes, convulsive movements'of the^Ws andafter thirteen minutes, general convulsions and death.

'

ihe membranes of the brain were found strongly injected,

* Tardieu : Op. Cit. Case 31.

t v'*^-^^
Venefico Phosphoreo Acuto. Upsal, 1845.

Z,J -^'^ Krankheiten der Arbeiter in rJp^ P7,«„^7

II OewerU Hygiene, p. 273.



208 POISONS : their effects and detection. [§
"259.

and there were extravasations. In the mucous membrane oi'

the crop there was also an extravasation. The lungs exter-

nally and throughout were of a dirty brown-red colour; tli..

entire heart was filled with coagulated blood, which was weakly

acid in reaction. .

In a second experiment with another pigeon, there ^yas no

striking symptom save that of increased frequency of respiration

and loss of appetite ; at the end of four days it was found dead.

There was much congestion of the cerebral veins and vessels,

the mucous membrane of the trachea and bronchia were weakly

injected, and the first showed a thin, plastic, diphtheritic-hke

^^D^^Henderson's * researches on rats may also be noticed here.

He found that an atmosphere consisting entirely of phosphme

killed rats within ten minutes, an atmosphere with i per

cent in half an hour. The symptoms observed
_
were almost

exactly similar to those noticed in the first experiment on the

pigeon quoted above, and the post-mortem appearances ^^ere

no"t dissimilar. With smaller quantities of the gas the fii^t

symptom was increased frequency of the respiration
;
then the

animals showed signs of suflfering intense irritation of the skm,

Lrrhin-^^^cl biting at it incessantly; afterwards they became

drowsrand assumed a very peculiar attitude, sitting do.ai on

all four ,%vith the back bent forward, and the nose pushed

Wkwards between the fore paws, so as to brmg the forehead

a^ainTthe floor of the cage. When in this position the rat

Sente l the appearance of a curled-up hedgehog.
_

Phosphme

wherin ected into the rectum, is also fatal ; the anima s exhale

Tome o? the gas from the lungs, and the breath, therefore,

T-Pflnres solutions of silver nitrate, t
. • i j. .

Brenner t has recorded the case of a man twenty-eight years

olcfTpharVaceutist, who is supposed to have -Aered from

Xess caused by repeated inhalations of minute quantities of

illness causecioy 1
^ j^^lf years m the

became very brittle, and healthy as well as carious l^io^« «^

locomotor ataxy.

* Journ. Anat. and Physiol, vol xlii., p. 19.
rr.„„. Sevier's Labor, in

-
t Dybskowsky, Med. Chem. Untersuchungen aus Hoppe ^eyiers

^fZp£rSurg Med. Zcilschr., 4 Hft., 1865.
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§ 260. Blood takes up far more phosplune than water.
Dybskowsky found that putting the coefficient of solubility of
phosphine in pure water at -1122 at 15°, the coefficient for
venous blood was -13, and for arterial 26-73; hence the richer
the blood is in oxygen the more phosphine is absorbed. It seems
probable that the poisonous gas reacts on the oxyhEemo^lobin
of the blood, and phosphorus acid is formed. This is supported
by the fact that a watery extract of such blood reduces silver
nitrate, and has been also found feebly acid. The dark blood
obtained from animals poisoned by phosphine, when examined
spectroscopically, has been found to exhibit a band in the violet.

§ 261. J'ost-mortemAppearances.—There are a fewperfectly well
authenticated cases showing that phosphorus may cause death
and yet no lesion be discovered afterwards. Thus, Tardieu*
cites a case in which a woman, aged forty-five, poisoned herself
with phosphorus, and died suddenly the seventh day afterwards
Dr. Mascarel examined the viscera with the greatest care, but
could discover absolutely no abnormal condition- the onlysymptoms during life were vomiting, and afterwards a little
nidigestion. It may, however, be remarked that the microscope
does not seem to have been employed, and that probably a close
examination of the heart would have revealed some alteration of
Its ultimate structure. The case quoted by Taylorf may also bementioned, m which a child was caught L the act of^suckin!
phosphorus matches, and died ten days afterwards in convulsions"
JSIone of the ordinary post-viortem signs of poisoning by phos-

lutTJT Y ^^'^^'^^^ were^eddened through-out, and there were no less than ten invaginations : but the case

anything Hke a full ViotJe'^^^^l'd^l^Zl^^^^^^
death from phosphorus, for they vary according as to whetherthe death is speedy or prolonged, whether the phosphoTus hisbeen taken as a finely-divided solid, or in the form of vapour &cIt may however, be shortly said, that the most common chak^^are fatty infiltration of the liver and kidneys, fatrr^entatfonof the heart, enlargement of the liver, ecchymoses in Sr^rZmembranes in the muscular, in the fatt^, andiXLueot tWhen death occurs before jaundice supervenes, theT^^^^etme

the skin, and it may be, spots of P^t^IIS"^^^^^^
* Empoisonnemcnt, p. 520
t " Poisons," Srd Ed., p. 276.

14
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experienced pathologist, the possibility of phosphorus poisoning.

In the mouth and throat there will seldom be anything

abnormal In one or two cases of rapid death among mfants, some

traces of the matches which had been sucked were found clmgmg

to the '^ums. The stomach may be healthy, but the most common

appearance is a swelling of the mucous membrane and superficial

erosions Virchow,* who was the first to call attention to this

peculiar gray swelling of the intestinal mucous membrane under

the name of gastritis glandularis or gastrademtis, shows that it

is due to a fatty degeneration of the epithelial cells, and that it

is by no means peculiar to phosphorus poisoning. The swelling

may be seen by properly-prepared sections to have its essential

seat in the glands of the mucous membrane ;
the glands are

enlarged, their openings filled with large cells, and each single

cell fs finely granular. Little centres of hemorrhage often

microscopically small, are seen, and may be the centres of small

inflammations; their usual situation is
°V , - --^^

Tucrse Very similar changes are witnessed after death from septi-

cemia, pyemia, diphtheria, and other diseases. The softening of

the t;mLh, gangrene, and deep erosions, recorded by the earlier

authors, have not been observed of late years, and probably were

Tne to pos^iortem changes, and not to processes during Me

The same changes are to be seen in the intestines, and there are

numerous extravasations in the peritoneum.
, . ^. .

The liver shows of all the organs the most characteristic signs
.;

a more or less advanced fatty infiltration of its structure takes

pkce which was first described as caused by phosphorus by Hauft

in 1860 t It is the most constant pathological evidence both m
man and animal, and seems to occur at a very early period,

Sunk and Leyden having found a fatty degeneration in the

Hveffar advanced in twenty-four hoursj after poisoning. In rats

iild mice poisoned with paste, I have found the processes evident

to tre na^ed eye twelve^ouk after the fatal dose. The liver is

mostly large ; has a pale yellow (or sometimes an intense yellow)

Tnlfur • oi section the cut surface presents a mottled appearance;

the serous envelopes, especially along the course of the -ssels^

ShiHt extravasations of blood. The Uver itself is -ore defic nt

in blood than in the normal condition, and the more bloodless it

^^'^tCrsc^ict^^^^^^^^ also characteristic Bi a

recent c"se of suicidal poisoning by phosphorus, m which death

* Vircbow's ArcMvf. Path. Anat Bd 31.. Hft. |
m. S- 1_864

t Hauff collected 12 cases and found a fatty Uver m ii.

Med. Gorresp. Bl, I860, No. 34.

+ Die Acute Pkosphor-Vergiftttng. Berlin, 18b5.



§ 262.] PHOSPHORUS. 211

took place on the seventh clay, the liver was very carefully
examined by Dr. G. F. Goodart, who reports as follows :

—

" Under a low power the structure of the liver is still readily recognisable,
and in this the specimen differs from slides of three cases of acute yellow-
atrophy that I have in my possession. The hepatic cells are present in
large numbers, and have their natural trabecular arrangement. The
columns are abnormally separated by dilated blood or lymph spaces, and
the individual cells are cloudy and ill-defined. The portal channels are
everywhere characterised by a crowd of small nuclei which stain with
logwood deeply. The epithelium of the smaller ducts is cloudy, and blocks
the tubes in many cases. Under a high power (one-fifth) it is seen that the
hepatic cells are exceedingly ill-defined in outline, and full of granules and
even drops of oil. But in many parts, even where the cells themselves are
hazy, the nucleus is still fairly visible. It appears to me that, in opposition
to what others have described, the nuclei of the ceUs have in great measure
resisted the degenerative process. The change in the cells is uniform
throughout each lobule, but some lobules are rather more affected than
others. The blood spaces between the cells are empty, and the liver appears
to be very bloodless. The portal canals are uniformly studded with small
roiind nuclei or cells, which are in part, and might be said in great part due
to mcrease of the connective tissue or to a cirrhotic process. But I am more
disposed to favour the view that they are due to migration from the blood
vessels, because they are so uniform in size, and the hepatic cells and
connective tissue in their neighbourhood are undergoing no chancres in theway of growth whatever. I cannot detect any fatty changes in the vessels
but some of the smaUer biHary ducts contain some cloudy albuminous
material, and their nucleation is not distinct. No retained biliary pigment

Oscar Wyss,t m the case of a woman twenty-three years oldwho died on the fifth day after taking phosphorus, describes, in
addition to the fatty appearance of the cells, a new formation of
cells lying between the lobules and in part surrounding the gall-
ducts and the branches of the portal vein and hepatic artery
baikowskyj found in animals, which he killed a few hours

after administering to them toxic doses of phosphorus, notable
hyperemia of the throat, intestine, liver, and kidneys-both the
latter organs bemg larger than usual. The liver cells were
swollen, ancl the nuclei very evident, but they contained no fat,
latty drops bemg formed afterwards.

§ 2p The Kidneus exhibit alterations very similar and analo-

Sd' fl^.K^'"
^7''- ^-^^y enlarged., congested,and liabby, with extravasations under the capsule, and showmicroscopic changes essentially consisting in a fatty degeneration

mLIms^S °' H^^^^'-^ J- Capon, U.jy.-Lancct,
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Of the epithelium. In cases attended ^^^^ hemorrhage the

'^:li:'S^:r:SZ^^^^^^^ capsme and of the malpighian

bod es also undergo the same fatty change. In cases m which

Sh 'has occurred rapidly, the kidneys have been found almost

Sthy or a little congested only. The pancreas has also been

found with its structure in part replaced by fatty ^^^^f^^'-.
Of™t sic^nificance are also the fatty changes m the general

muscukr system, and more especially in the heart. The muscular

Z^Z Wt quickly lose thei.

-t wii in phosphorus

^""'fT^f'Zunas when the phosphorus is taken in substance,

'^IlluNer.ms S,jsU,n no change has been remarked, save

liver from phosphorus P«l^°^^^g^ ^^^l^^X '^the^c^^^ points of

atrophy of the liver and -cording^^^^^^^^ J ^.^^^

distinction are as follows —in P^o^/J"; ,
^

^^11 marked;
large, doughy, equa ly

jf^^^^^^^J'I^Jt dwLed in size!

while in acute
^^^l^^f'^^^^^Z^^^ acini not being

tough, le^^l^f^'f^Vh, "Shorus" Uve^, again, presents the

well mapped out Ph^^^^^
replaced by them;

cells filled with large fat drops,
finely-

but in the "atrophy" liver, the
f^^^^^^ tissui

nucleated detritus and throug^^^^^^
the

sequence, may, after a time, waste. ^ ^j^^

* Deutsch. Archivf, Klin. Med., vi., Hft. 1, S. 1, 1869.
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the urine contains so much leucine and tyrosin, that the simple

addition of acetic acid causes at once a precipitate. Schultzen

and Riess also found in the urine, in cases of yellow atrophy,

oxymandelic acid (OgHgO^), but in cases of phosphorus poisoning

a nitrogenised acid, fusing at 184° to 185°.

According to Maschka, gray-white, knotty, faecal masses are

found in the intestines in yellow atrophy, but never in cases of

phosphorus poisoning. In the latter, it is more common to find

a slight intestinal catarrh and fluid excreta.

§ 264. The Detection of Phosphorus.—The following are the

chief methods in use for the separation and detection of phos-

phorus :
—

*

1. Mitscherlich's Process.—The essential feature of this process

is simply distillation of free phosphorus, and observation of its

luminous properties as the vapour condenses in the condensing
tube. The conditions necessary for success are—(1.) that the
apparatus should be in total darkness;! and (2.) that there should
be no substance present, such as alcohol or ammonia, J which,
distilling over with the phosphorus-vapour, could destroy its

luminosity. A convenient apparatus, and one certain to be
in all laboratories, is an ordinary Florence flask, containing
the liquid to be tested, fitted to a glass Liebig's condenser,
supported on an iron sand-bath (which may, or may not, have a
thin layer of sand), and heated by a Fletcher's low temperature
burner. The distillate is received into a flask. This apparatus,
if in darkness, works well ; but should the observer wish to
work in daylight, the condenser must be enclosed in a box
perfectly impervious to light, and having a hole through which
the luminosity of the tube may be seen, the head of the operator
and the box being covered with a cloth. If there be a stream of
water passing continuously through the condenser, a beautiful
luminous ring of light appears in the upper part of the tube,
where it remains fixed for some time. Should, however, the

* It has been recommended to dissolve the phosphorus out from organic
matters by carbonic disulphide. On evaporation of the latter, the phos-
phorus is recognised by its physical properties. Such a method is of but
limited application, although it may sometimes be found useful. I have
successfully employed it in the extraction of phosphorus from the crop of a
fowl; but on this occasion it happened to be present in large quantity.

t Any considerable amount of phosphorescence can, however, be observed
in twihght.

+ \ variety of volatile substances destroys the luminous appearance of
phosphorus vapour—e. jr., chlorine, hydric sulphide, sulphur dioxide,
carboii disulphide, ether, alcohol, petroleum, turpentine, creasote, and most
essential ods. On the other hand, bromine, hydrochloric acid, camphor, and
carbonate of ammoma do not seem to interfere much with the phosnhor-
escence. ^
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refrigeration be imperfect, the luminosity travels slowly down

the tube into the receiver. In any case, the delicacy of the test

is extraordinary.* If the organic liquid is alkaline, or even
|

neutral, there will certainly be some evolution of ammonia

which will distil over before the phosphorus, and retard (or, it

in sufficient quantity, destroy) the luminosity. In such a case

it is well, as a precaution, to add enough sulphuric acid to hx

the ammonia, omitting such addition if the liquid to be operated

""^TThTprodnction ofPhospUne (PH3).-Any method which pro-

duces phosphine (phosphuretted hydrogen), enabling that gas to

be passed through' nitrate of silver solution, may be used for the

detection of phosphorus. Thus, Sonnenschem states that he has

found phosphorus in extraordinarily small amount, mixed with

various substances, by heating with potash in a flask, and passing

the phosphine into silver nitrate, separating the excess of silver

and recognising the phosphoric acid by the addition of molybdate

of ammonia.! , . ^ „, /-pxT \ a

3 Tests Dependent on the Combustion of Phosphine (PH3).—

A

hydrogen' flame, containing only a minute trace of V^^l^^^^
or of the lower products of its oxidation, acquires a l^eautiful

green tint, and possesses a characteristic
^i'f ^^^^J.^;^^"

Sbtain the latter in its best form, the amount of Pl^o^P^}^«
^J^'^

not be too large, or the flame will become whitish and livid and

?h bands lose their defined character, rendering the ^Pectrum

continuous Again, the orifice of the tube whence the
_

gas

escapes must not b^ too small ; and the best result is obtained

when the flame is cooled.
, . <• 0.1, „-Uc.«,.t-o

M. Salet has proposed two excellent methods for the obseiva-

tion of phosphine by the spectroscope :—
vprtical

n ^ He proiects the phosphorus-flame on a plane vertical

su a e^aStLed consfantl? cold by means of a thin Wer of

running water; the green colour is especially produced in the

npicrbbnurhood of the cool surface. . ,

I ^At the level of the base of the flame, there is an annular

spice through which a stream of cold air is continually blown

utTwards Thus cooled, the light is very pronounced, and the

W, ?" which is almost invisible in the ordinary method of

examination, is plainly seen.J

* Fresenius states that he -d Neubauev^ wH^^
-

200,000, recosrnised the hght, which lasted for halt au iiour.

/. Anal. Chem., B. 2, p. 465, and B. 3, p. 14-.
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An apparatus (devised by Blondlot, and improved by Fresenius)

for the production of the phosphine flame in medico-legal research,

is represented in the following diagram :

—

Fig. 12.

Several of the details of this apparatus may be modified at the .

convenience of the operator. A is a vessel containing sulphuric
acid ; B is partly filled with granulated zinc, and hydrogen may
be developed at pleasure ; c contains a solution of nitrate of
silver ; is a tube at Avhich the gas can be lit

;
e, a flask con-

taining the fluid to be tested, and provided with a tube /, at
which also the gas issuing can be ignited. The oi-ifice should
be provided with a platinum nozzle. When the hydrogen has
displaced the air, both tubes are lit, and the two flames, being
side by side, can be compared. Should any phosphorus come
oyer from the zinc (a possibility which the interposed silver
nitrate ought to guard against), it is detected ; the last flask is
now gently warmed, and if the flame is green, or, indeed, in any
case, it should be examined by the spectroscope.*

§ 265. The spectrum, when fully developed, shows one bandm the orange and yellow between 0 and D, but very close to D,

* F. Selmi has proposed the simple clipping of a platinum loop into a
^

uquid containing phosphoric acid, and then inserting it into the tip of a
i nydrogen Hame. ^
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and several bands in the green. But the bands, d, 7, a, and (3,

are the most characteristic. The band 8 has its centre about the

wave-length 5994 ; it is easily distinguished when the slit of the

spectroscope is a little wide, but may be invisible if the slit is

too narrow. It is best seen by M. Salet's second process, and,

when cooled by a brisk current of air, it broadens, and may

extend closer to D. The band 7 has a somewhat decided border

towards E, while it is nebulous towards D, and it is, therefore,

very difficult to say where it begins or where it ends ;
its centre

may however, be put at very near 109 of Boisbeaubran's scale,

corresponding to W. L. 560-5, if the flame is free. This band is

more distinct than /3, but with a strong current of air the reverse

is the case. The middle of the important band a is nearly

marked by Fraunhofer's line E. Boisbeaudran gives it as

coinciding with 122 of his scale W. L. 526-3. In ordinary

conditions (that is, with a free uncooled flame) this is the

bricrhtest and most marked of all the bands. The approximate

middle of the band /3 is W. L. 510-6 (Boisbeaubran s scale

129-00). ^ ,

Lipowitz's Sulphur Tesi.—Sulphur has the peculiar property

of condensing phosphorus on its surface, and of this Lipowitz

proposed to take advantage. Pieces of sulphur are digested

some time with the Uquid under research, subsequently removed,

and slightly dried. When examined in the dark, should phos-

phorus be present, they gleam strongly if rubbed with the

finger, and develop a phosphorus odour. The test is wanting m
delicacy, nor can it well be made quantitative ;

it has, however,

an advantage in certain cases—6.5-., the detection of phosphorus

in an alcoholic liquid.
_ ^ ^ . j

Scherer's test, as modified by Eager,* is a very delicate and

almost decisive test. The substances to be examined are placed

in a flask with a little lead acetate (to prevent the possibility ot

any hydric sulphide being evolved), some ether added, and a

strip of filter paper soaked in a solution of sUver nitrate is then

suspended in the flask; this is conveniently done by makmg a

slit in the bottom of the cork, and in the slit securing the paper

The closed flask is placed in the dark and if pl^o^phc,ru« is

present, in a few minutes there is a black stain. It may be

objected that arsine will cause a similar stammg, but then arsme

could hardly be developed under the circumstances given, it is

scarcely necessary to observe that the paper must be wet

8 266. Chemical Examination of the UTine.-lt may be desir-

able, in any case of suspected phosphorus poisoning, to examine

* Pharm. Cmiral-Jialle, 20, 353.



§ 266.] PUOSPHOEUS. 217

the renal secretion for leucin and tyrosin, &c. Leucin may be
found as a deposit in the urine. Its general appearance is that
of little oval or round discs, looking like drops of fat. It can be
recognised by taking up one or more of these little bodies and
placing them in the author's subliming cell (see Index). By
careful heating it will sublime wholly on to the upper cover.
On now adding a little nitric acid to the sublimed leucin, and
drying, and then to the dried residue adding a droplet of a solu-
tion of sodium hydrate, leucin forms an oily drop. Tyrosin
also may occur as a sediment of little heaps of fine needles. The
best test for tyrosin is to dissolve in hot water, and then add a.

drop of a solution of mercuric nitrate and mercurous nitrate,
when a rose colour is at once developed, if the tyrosin is in
very minute quantity, but if in more than traces, there is a
distmct crimson precipitate. To separate leucin and tyrosin
from the urine, the best process is as follows :—The urine is
filtered from any deposit, evaporated to a thin syrup, and
decanted from the second deposit that forms. The two deposits
are mixed together and treated with dilute ammonia, which will
dissolve out any tyrosin and leave it in needles, if the ammonia
IS spontaneously evaporated on a watch glass. The urine is then
diluted and treated with neutral and basic acetates of lead,
filtered and the lead thrown out of the filtrate by hydric
sulphide. The filtrate is evaporated to a syrup, and it then
deposits leucin mixed with some tyrosin. If, however the
syrup refuses to crystallise, it is treated with cold absolute
alcohol, and filtered, the residue is then boiled up with spirit ofwme which extracts leucin, and deposits it on cooling in a
crystalbne form. To obtain oxy-mandelic acid, the mother

T,3-/fT Z^^'i ^t''"''
^^^'^ ^een extracted, is

precipitated with absolute alcohol, filtered, and then the alcoholic
solution evaporated to a syrup. This syrup is acidified bysulphuric acid, and extracted with ether; the ether is filtered offand evaporated to dryness; the dry residue will be in the form of

water,_and the solution precipitated by lead acetate to remove

rasic al;?f*'"r^ ^^-11^ precipitated b^

susnenZl
^."^ clecomposition of the basic acetate, by

StiW. 1u .
^^'^ ^^t^rating with hydric sulphide the

^eecUes o? n """i

^evaporation deposits colourless, flexibles oxymandelic acid. The nitrogenised ac d whichbchultzen and Paess obtained from urine in a case of nlincrl
poisoning, was found in an alcohol anT ^er extrao^^^artsTfrhombic scales separating out of the syru^v ^eskb^T TV,scales gave no precipitate with basicTcrte but fbrme^^^^^
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compound with silver nitrate. The sUver ««^P°^!i^
J^^^^.'^^f

form of shinin- white needles, and contained 33-9 per cent ot

^r t£ acid was decomposed by heat and withjime yielded

aniline Its melting point is given at from 184 to 185 .
ine

occurrence of Tome volatile substance in phosphorus urxne, which

SLkens nitrate of silver, and which is probably phosphme, was

fiit notiSd by Selmi.^^ Pesci and Stroppa have confirmed

cjplmVd vpsearches It is even given oil m tne coici.

S 967 S S<i«»'i«» of PI«>vl0Tm IS best carried

A fv oxidL^" "into phosphoric acid, and estimating as ammon^

;%Ssaf;ho,>ate 't^^^^^^^^^

acid, filtered from silver chloride, and the phosphoric acid deter

-t^iVcaroT^a^h^ poisoned by lucifer

^J^^^-
—

schein estimated the free phosphorus in the
^^^J-^JJ^^^^

The contents of the stomach were ^.^l^^^^.^/''^r^ por-

part filtered, and the V^^"^^^^^^,^^^^^^^^

h;j^i?Sid-SUt^nS-^^^ calcinated as

free P|^°«P^°^f; Phosphorus he recognised after DeathJ-

can be detected. Any P^^^P^*^™' -f^"^"t^edico-le-al purposes
phosphate, or into any other sa t

^-^^\^^^'^^J^^^^^ of the

Ltirely lost since the expert --^-^^J^^^ , , free acid.

been observed. ,-^l,n!nhorus was recognised,

autnTh ^ hee,:Sa&a. .ee.s, and then

exhumed. , Pvnvhicial Government Board
The expert of pharmacy "^^^ ^'^l'^^^^^^^^ this direction,

of Breslau has also made son
-

„,,;t,pq rjiffs were noisoned,

which are worthy of note iour guinea p »

« OiornaU Interna, d^la fci-!^J^-^^'%^'
^'-^^

t Pharm. ZeUsch.f. Russl ; Jahrg. 2, p. b/-
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each by 0-023 grm. of phosphorus
;
they died in a few hours, and

•were buried in sandy-loam soil, 0-5 metre deep. Exhumation of
the first took place four weeks after. The putrefying organs

—

heart, liver, spleen, stomach, and all the intestines, tested by
Mitscherlich's method of distillation, showed characteristic phos-
phorescence for nearly one hour.
The second animal was exhumed after eight weeks in a highly

putrescent state. Its entrails, on distillation, showed the
phosphorescent appearance for thirty-five minutes.
The third animal was taken from the earth after twelve weeks,

but no free phosphorus could be detected, although there was
evidence of the lower form of oxidation (PO,) by Blondlot's
method.
The fourth animal was exhumed after fifteen weeks, but

neither free phosphorus nor POg could be detected.*
A man, as well as a cat, was poisoned by phosphorus. On

analysis, twenty-nine days after death, negative results were
alone obtained. (Sonnenschein.)

It will thus be evident that there is no constant rule, and that,
even when decomposition is much advanced, an examination
may be successful,

* VierteJjahrssclirift filr Gmclitliclie Medicin, Jan. 7, 1876.—See also
Zeitschr. f. Anal. Ghemie, 1872.



PART V -ALKALOIDS AND POISONOUS VEGET-

ABLE' PRINCIPLES SEPARATED FOR THE MOST

PART BY ALCOHOLIC SOLVENTS.

DIVISION I.—VEGETABLE ALKALOIDS.

I GENERAL METHODS OF TESTING MW EXTRACTING

ALKALOIDS.

§ 269. General Teste > AlhalMe -ln order ^ ascertain

.hither an" is presenter n^^^^^^

must be P"™f '^'''^V-X nos°M? of foreign substances;

t"a.r"e&.%s'1S o^S'^occss of itas, or one of

^^?^o^x:sfa:^rssoiut^^^^

loids * are absent.
^-„<,f fl-iprP are also a number of

or amorpbous

members of the group-reagents
"-'^-^1^^^^X^Z^^voIi-^e dis-

acid, iodine dissolved "\P«^^^^2tL^ hyto^^^^^^
iodide,

solved in potassic bromide ^ol^^l"^'
/^^^^^^ ^the cblorides of

bismutb-potassic iodide, cadmxc potassic iodide tl

^^^^^
gold, of platinum, mercury ;

picric ac^^^^^^^
^.^^

^hro'mate of Potasb. bicbromate of
^^^^^^^ S Frobde'I reagents.

reagents. _

, . 1. I. fii;« tpst will not answer, bee tne

* In the case of morpHne tartrate, this test wui n

article on mori)hiiie.
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Iodine in Hydriodic Acid gives either crystalline or amorphous
precipitates with nearly all alkaloids ; the compound with mor-
phine, for example, is in very definite needles; with dilute solutions
of atropine, the precipitate is in the form of minute dots, but
the majority of the precipitates are amorphous, and all are more
or less coloured.

Iodine Dissolved in a Solution of Potassic Iodide gives with
alkaloids a reddish or red-brown precipitate, and this in perhaps
a greater dilution than almost any reagent. When added to an
aqueous solution, the precipitates are amorphous, but if added to
an alcoholic solution, certain alkaloids then form crystalline
precipitates; this, for example, is the case with berberine and
narceine. By treating the precipitate with aqueous sulphurous
acid a sulphate of the alkaloid is formed and hydriodic acid,
so that by suitable operations the alkaloid may readily be
recovered from this compound. A solution of bromine in
potassic bromide solution also gives similar precipitates to the
above, but it forms insoluble compounds with phenol, orcin
and other substances.

'

Mercuric Potassic Iodide is prepared by decomposing mercuric
chloride with potassic iodide in excess. The proportions are
ld-54b grms. of mercuric chloride and 49-8 of potassic iodide
and water sufficient to measure, when dissolved, one litre The
precipitates from this reagent are white and flocculent

; many ofthem become, on standing, crystalline.
Bismuthic Potassic Iodide in solution precipitates alkaloids, andthe compounds formed are of great insolubility, but it also formscompounds with the various albuminoid bodies
Chloride of Gold {orms with the alkaloids compounds, many ofwhich are crystalline, and most admit of utilisation for quantita-

amfdP. n
sold does not precipitateamides or ammonium compounds, and on this account its value

A
cipitates are yellow, and after a while arepart y decomposed, when the colour is of a reddish-brown.

riatmic Chloride also forms precipitates with most of the

salts it i'.i.f! ''T
precipitates ammonia and potassic

S 97
^^^^^^^^ *o gold chloride in utiHty.

Preparation. MnXTT^'^^'^""
^''^ ^'"^'''^ ^^^'^^^oids.-

^pP^^^t^on Molybdate of ammonia is precipitated by phosphateof soda; and the well-washed yellow precipitate is sJsSended S
aissolved. This solution is evaporated to dryness and thl

?aTrw""/"^\^'"P?^«'^
by heatiSg. If the Sybdic acid is

Idd^Jd
'"^^ "'""^ *° moistened by ?tr eacid, aoid the heating repeated. The now dry residue is warned
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:.vith wter, nitric a.id added
^™"fo IrtrS'fte "lutS

as follows :

—

Aniline,

Morphine, .

Narcotine, .

Quinine,
Cinclionine,

Codeine,
Strychnine,

Brucine,
Veratrine, .

Jervine,
Aconitine, .

Emetine, .

Theine,
Theobromine,
Solanine, .

Atropine, .

Hyoscyamine,
Colchicine, .

Delphinine,

Berberine, .

Coniine,

Nicotine, .

Piperine,

Bright-yellow, flocculcnt.

Brownish-yellow,
AVhitish-yellow,

Brownish-yellow, voluminous.

White-yellow, v

Yelk-yellow, llocculent.

Bright-yellow, ,,

Bright-yellow, voluminous.

Citron-yellow, pulverulent.

Bright-yellow, flocculent.

Orange-yellow, ,,

Gray-yellow, voluminous.

Dirty-yellow, llocculent.

Bright-yellow, voluminous.

Browi'ish-yeUow, flo'^ulent.

rr:.iu\irrs^rd^:^^^^^^^^
the vellow merourous silico-tungstEite. "'^ .

j

washed, and decomposed b, -/V"™!;^^C olutU^
chloric acid ;

silico-tungstic >*'d 8°=^^ "5,,,^ clear Bltrate

laereurous chloride (^-^'•''-^l^^^^.^ftjivc^^iovi. acid, and

an, .etalhc

precipitated by it
;
neutral

in large quan-

with it a white Pf^^P^*^^";^^^'^,!^^^^^ the salts of quinine,

tities of water. I^P^«^^P^*:i^^,'° &f"^
i^^^^^

^'^^"^

Teiroh ervecA^^^^^^

hydrochlorate m ^ttt^j niorpma ii^u
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all gave a distinct opalescence. (Archiv der Pharm., Nov Dr
Richard Godeffroy.)

"

(3.) Scheibler's Methodfor Alkaloids: Flwsplio-Tungstic Acid.
Ordinary commercial sodium tungstate is digested with half its
weight of phosphoric acid, specific gravity M3, and the whole
allowed to stand for some days, when the acid separates in
crystals. A solution of these crystals will give a distinct pre-
cipitate with the most minute quantities of alkaloids

,} of
strychnine, and of quinine. The alkaloid is liblraSl by
digestion with barium hydrate (or calcium hydrate) • and if
volatile may be distilled off; if fixed, dissolved out by chloro-
lorm In complex mixtures, colouring-matter may be removedby plumbic acetate, the lead thrown out by SH„ and concen-
trated, so as to remove the excess of SH,.

§ 272. Frbhde's Reacjent.—TM^ is a "colour reagent, and ismade by dissolving 1 part of sodic molybdate in 10 parts ofstrong sulphuric acid.
F

§ 273. Stas's Process.—The original method of Stas* ('afterwards modified by Otto),t consisted in extraction of he oSaiScmatters by strong alcohol, with the addition of tartaric acid^ thefiltered solution was then carefully neutralised with soda, and

Sette ""Kt separated'by a

t%>,^ 1 r*^^'''*, '^'T*' chloroform instead of

o?.PPti \ f^^^r^l amyl-alcohol,§ and the substitutioixof acetic, hydrochloric, and sulphuric for tartaric acid

METHODS OP SEPARATION.

§ 274. Selmi's Processfor Separating Alkaloids.—A method of

Sfl 1 ^1 S '
alcoholic extract of the viscera

"p w?th w^; r fi^r''l"
^^"^ residue tS

TheTenrI l^ll
' '

decolorised by basic acetate of leadihe lead is thrown out by sulphuretted hydrogen • the solutionafter concentration, repeatedly extracted with ether and th

'

ethereal solution saturated with dry CO which
'

11
precipitates some of the alkaloids. The^tMl^io^TtS

Annul, d. Chem. u. Pharm., 84. 379
* TiJa^r.

^'
1

i'^^^'^'-'-'^O
^ur Ausmitlel. d. Oifle.
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ioured into a clean vessel ^^^^^^^t pS fol^^S

water, through which a
^^^^^jl^J^.^J alkaloids not

minutes ; this may cause tl^e precipijtati^
^^^^

thrown down by dry
. jiehydrated by agitation

obtained by these means the so^ut^^^^^ ^ ^^^^^ ^
with barium oxide and a

. . ^j^i^ throws down any

added (care being taken to avoid excess^

alkaloid still Vr^-'^^lJ^^J^tZT^^^^
the viscera IS

^^^^^^^^^^'Xified amylic alcohol ;
from the

rSol t^i^^T^^ £^rf.uentl/extracted by agitation

with very dilute ^^IP^^;;^;;, ^^.^^ the suggestion of Selmi) is to

Another ingenious
.viJh alcohol, to which a Uttle

treat the organic
^^^^^^^^^leT t filter' digest with alcohol

sulphuric acid has been added,
ated do^vn to a

Ind refilter. The filtrates are united evaporate
^^^^^

Wler bulk, filter^^Vt^rTeldSn of^^^^^^^^^^^

barium hydrate, and after
^^^f J^^^^^^^^^ ^th (5y ether ; the

oxide and some powdered glass e^^^^^
lf^,te ; the

ether filtered, the filtrate ^igest^d^ ^^^^

^-'t^^^^^^^ '^'^ ^^^^^

:faporationthealk^oid^^^^^^^^^ an

§ 275. Dragendor^s Froces^^^^^ appUcable, not

elaborate general method
^^^^^^^^ other active principles

only to alkaloids, but to pluco^^^^^^^^^
essentiaUy a combination

derived from plants, ^is process ^ are the

of those already
^"/^tSe Tcti ^^^h the solvent, thus

shaking up-(l:) 1 ,*tr,ai
dcerLnnon-alkaloidalprmciples;

removing colouring-matters cerw
foUowing is his

:r(2.)%f the same ^md
^fl^^^::;J,^ W when the

method in full. It
for vecretable poison, although it

much shortened and
^^^^^^f^^^i^.divided form as possible,

y
I The substance, m as ^^5^^^'.^.^ .^ith sulphuric acid,

digested for a few ^^/^^s
1^^^^^^^^ ''''

at a temperature of 40 to 50 ,
and tn P

^^^^ substances

;

to or three times, -^th filtering a^^^^^^^^^^

later, the extracts are united, ihistrea

igendorfTs G

burg, 1876, p. 141-
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mentioned is not exceeded) does not decompose the majority of

alkaloids or other active substances ; but there are a few {e.g.,

solanine and colchicine) which would be altered by it ; and if

such are suspected, maceration at the common temperature is

necessary, with substitution of acetic for sulphuric acid.*

II. TIae extract is next evaporated until it begins to be of a
syrupy consistence ; the residue mixed with three to four times
its volume of alcohol, macerated for twenty-four hours, at about
34°, allowed to become quite cool, and filtered from the foreign

matters which have separated. The residue is washed with
alcohol of 70 per cent.

III. The filtrate is freed from alcohol by distillation, the
watery residue poured into a capacious flask, diluted (if neces-
sary) with water, and filtered. Acid as it is, it is extracted at
the common temperature, with frequent shaking, by freshly-
rectified petroleum ether; and after the fluids have again
separated, the petroleum ether is removed, carrying with it

certain impurities (colouring matter, ifec), which are in this way
advantageously displaced. By this operation ethereal oils,

carbolic acid, picric acid, &c., which have not been distilled,
besides piperin, may also be separated. The shaking up with
petroleum ether is repeated several times (as long as anything
remains to be dissolved), and the products are evaporated on
several watch-glasses.

EESIDUE OF PETROLEUM ETHER FROM THE ACID SOLUTION.

1. It is Crystal-
line.

A. It is yellowish,
I and with difiiculty

I volatilised.

a. The crystals
I are dissolved by con-
centrated sulphuric
acid, with the pro-
iduction of a clear

2. It is Amorphous. 3.

A. It is fixed.

a. Concentrated
sulphuric acid dis-

solves it imme-
diately—violet, and
later greenish-blue.

It is Volatile,
with a power

' ful odour: ethe-

real oil, carbolic

acid, c&c.

* When blood is to be examined it is better to dry it, and then nowrl^rand extract with water acidified with dilute sulphuric acfd HoweCr S
omitted '

''''^''''^^ modification^ to be

15
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yellow colour, pass- Constituents of the

ing into brown and black hellebore.

greenish-brown.
Fiperin.

position of Aconitine.

B. I. L.,c,- B. IT W=,T. SH.HP-

FIES EASILY, AND SMBLLS ^*fi„'„ „ THE bKIN.
Strongly. Capsicm.

Camphor and simtlar matters.

It n.ay be expected tbat the substances -^^iX^^^^tl
heads 1, 2, and 3, will be, m g^^^^^^^'

^^^^^^^^^^^ Iric acid.

This is not the case, however, ^^.^^S^.^^ P^Tu^^it^
IV. The watery fluid is now similarly shaken up ^

and the benzene removed and ^^P^^^f^^^^W of theSe), the

residue show signs of an ^lkaloid (and ^pecialg o

r^^^e'tiU aiitSfl^^^^^^^^^
extraction leaves~ rlon^^^^^^^ The_— g^inTep^^^^

and washed by shaking
-^*J^ .^^f^tnlete d^ from the

and filtered, the S^^^^.^^ P^^^- f^ffl^ia d^^^^^ and evaporated

filtrate, and the remainder of the fluia aiviae

cn several watch-glasses.
+i,piTie colchicine, cubebin,

The evaporated residue may contain theme coic '

digitalin, cantharidin, ^^l^J^^^t^^' J^^* &e and trVes of

absinthin, cascariUin, populin,
.^^f ^^erine.

veratrine, delphinine, P^y-t^g-;-' ^^^'^^ty'Tmain from the

A remnant of piperm and picuc acm m y

previous treatment with petroleutn ether.

THE BENZENE KESIDUE FKOM THE ACID SOLUTION.

9 It is Amorphous.
1. It IS Crystalline. -

-p^tvTel
nnrmTRLESS A. COLOURLESS OR PaLE lEL

A. Well-formed, Colourless a.
residue.

Crystals. Sulphuric acid dissolves

a. Sulphuric acid dissolves «• buipn
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the hair-like crystals without
change of colour; evaporation
with chlorine water, and subse-
quent treatment Avith ammonia,
gives a murexide reaction.

Theine.

p. Sulphuric acid leaves the
rhombic crystals uncoloured.
The substance, taken up by oil,

and applied to the skin, pro-
duces a blister.

Ganthardin.

y. Sulphuric acid leaves the
scaly crystals at first un-
coloured, then slowly develops
a reddening. It does not blis-

ter. Warm alcoholic potash-lye
colours it a transitory red.

Santonin.

d. Sulphuric acid colours the
crystals almost black, whilst it

takes itself a beautiful red
colour. Cubehin.

it at first yellow ; the solution
becoming later red. Frohde's
reagent does not colour it

violet. Elaterin.

/3. Sulphuric acid dissolves
red ; Frohde's reagent violet-

red ;* tannic acid does not pre-
cipitate. Populin.

y. Sulphuric acid dissolves it

extremely red; Frohde's re-
agent* a beautiful cherry-red;
tannic acid precipitates a yel-
lowish-white. Colocynthin.

S. Sulphuric acid colours it

gradually a beautiful red, whilst
tannin does not precipitate.

Constituents of the Pimento..

B. Crystals Pale to Clear
Yellow.

a. Piperin.

^. Picric Acid.

y. Caustic potash dissolves it

P^Tle. Ahetin.

B. Pure Yellow Residue.

a. Sulphuric acid dissolves it
yellow; on the addition of nitric
acid, this solution is green,
quickly changing to blue and
"Violet. Colchicine.

^. Sulphuric acid dissolves
with separation of a violet
powder; caustic potash colours
it red; sulphide of ammonia
violet, and, by heating, indigo-
blue. Chrysammic acid.

* Frohde's reagent is described at page 223,
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0. Mostly Undefined Colour-

less Crystals.

C. A Greenish Bitter Re-

sidue, which dissolves browu

in concentrated sulphuric acid ;

in Frohde's reagent, likewise, at

first brown, then at the edge

green, changing into blue-violet,

and lastly violet.

Constituents of wornmood,

with absynthin, beside

quassiin, mejiyanthv'

.

ericolin, daphni/n, cnicin,

and others.

a. Sulphuric acid dissolves it

oreen brown ; bromine colours

this solution red; dilution with

water again green. The sub-

stance renders the heart-action

of a frog slower. Digitahn.

/3. Sulphuric acid dissolves it

orange, then brown, lastly red-

violet. Nitric acid dissolves it

yellow, and water separates as

a ielly out of the latter solution.

Sulphuric acid and bromine do

not colour it red. Gratiokn.

y Sulphuric acid dissolves it

red-brown. Bromine produces

in this solution red-violet

stripes. It does not act on

^Qgg_ CascariUin.

lith poUssio iodide a colourless and green ciystaim v^^j^

V. As a complete exhaustion of the -ate ĵlutioi^^^^

attained by the benzene agency, another solvent is tried.

THE WATERY SOLUTION IS NOW EMACTEI) IN THE SAME
in.sL vYx^

CHLOROFORM.

In chloroform the following

up:-Theobromine, narceiiie, papaverine, cmchonine, .ler
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sides picrotoxin, syringin, digitalin, helleborin, convallamarin,
saponin, senegin, smilacin. Lastly, portions of the bodies named
in Process IV., which benzene failed to extract entirely, enter
into solution, as well as traces of brucine, narcotine, physostig-
mine, veratrine, delphinine. The evaporation of the chloroform
is conducted at the ordinary temperature in four or five watch-
glasses.

THE CHLOROFORM RESIDUE FROM THE ACID SOLUTION.

1. The Residue is more or
less markedly crystal-
LINE.

A. It gives in the sulphuric
acid solution evidence of an alka-
loid by its action toioards iodine
and iodide ofpotash.

a. Sulphuric acid dissolves
it without the production of
colour, and chlorine and am-
monia give no murexide re-

action. Cinchonine.

^. Sulphuric acid dissolves it

without colour, chlorine and
ammonia give, as with theine, a
murexide reaction.

Theobromine.

The Residue
PHOUS.

is Amor-

A. In acetic acid solution it

renders the action of the frog's
hea/rt slower, or produces local

ancesthesia.

aa. It does not produce local

anjBsthesia.

a. Sulphuric acid dissolves it

red-brown, bromine produces a
beautiful purple colour, water
changes it into green, hydro-
chloricacid dissolves it greenish-
brown. Digitalin.

(S. Sulphuric acid dissolves it

yellow, then brown-red; on
addition of water this solution
becomes violet. Hydrochloric
acid, on warming, dissolves it

red. Convallamarin.
bb. It produces local an-

jesthesia.

a. Sulphuric acid dissolves it

brown. The solution becomes,
by extracting with water, violet,
and can even be diluted with
two volumes of water without
losing its colour. Saponin.

&. Sulphuric acid dissolves it
yellow. On diluting with water
the same reaction occurs as in
the previous case, but more
feebly. Senegin.
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y. Sulphuric acid does not

colour in the cold ; on warming,

the solution becomes a blue

violet. Papaverine.

5. Sulphuric acid dissolves it

in the cold with the production

of a blue colour.

Unknown impurities, many
commercial samples of

Papaverine.

e. Sulphuric acid dissolves it

at first grey-brown; the solu-

tion becomes in about twenty-

four hours blood-red. Iodine

water colours it blue.

Narceine.

B. It gives no Alkaloid
Reaction.

y. Sulphuric acid dissolves

brown, and the solution be-

comes red by the addition of a

little water. The action is very

weak. Smilacin.

cc. Sulphuric acid dissolves

it with the production of a

dirty red, hydrochloric acid,

in the cold, with that of a red-

dish-brown colour, and the last

solution becomes brown on

boiling.

Constituents of the IieUebore,

particularly Jervin.

a. Sulphuric acid dissolves

it with a beautiful yellow

colour ; mixed with nitre, then

moistened with sulphuric acid,

and lastly treated with con-

centrated soda-lye, it is coloured

a brick-red. Picrotoxtn.

13. Sulphuric acid dissolves it

with the production of a splen-

did red colour. The substance

renders the heart-action of
_
a

frog slower. Helleborin.

* Described at page 223

h. Is inactive, and becomes

blue by sulphuric acid; by

Frohde's reagent* dark cherry-

red. Hydrochloric acid dis-

solves it red. The solution

becomes, by boiling, colourless.

Syringin.



§ 275.] VEGETABLE ALKALOIDS. 231

VI. THE WATERY FLUID IS NOW AGAIN SHAKEN UF
WITH PETROLEUM ETHER,

in order to take up tlie rest of the chloroform, and the watery

fluid is saturated with ammonia. The watery solution of aconi-

tim and emetin is liable to undergo, through free ammonia, a

partial decomposition ;
but, on the other hand, it is quite possible

to obtain, with very small mixtures of these substances, satisfac-

tory reactions, even out of ammoniacal solutions.

VII. THE AMMONIACAL WATERY FLUID WITH
PETROLEUM ETHER.

In the earlier stages Dragendorff advises the shaking up with
petroleum ether at about 40°, and the removal of the ether as

quickly as possible whilst warm. This is with the intention of

separating by this fluid strychnine, brucine, emetin, quinine,

veratrine, &c. Finding, however, that a full extraction by petro-

leum ether is. either difficult or not practicable, he prefers, as we
have seen, to conclude the operation by other agents, coming
back again upon the ether for certain special cases. Such are
the volatile alkaloids ; and here he recommends treatment of the
fluid by cold petroleum ether, taking care not to hasten the
removal of the latter. Strychnine and other fixed alkaloids are
then only taken up in small quantities, and the greater portion
remaias for the later treatment of the watery fluid by benzene.
A portion of the petroleum ether, supposed to contain in solu-

tion volatile alkaloids, is evaporated in two watch-glasses ; to the
one, strong hydrochloric acid is added, the other being evaporated
without this agent. On the evaporation of the petroleum ether,
it is seen whether the first portion is crystalline or amorphous,
or whether the second leaves behind a strongly-smelling fluid
mass, which denotes a volatile alkaloid. If the residue in both
glasses is without odour and fixed, the absence of volatile acid
and the presence of fixed alkaloids, strychnine, emetin, vera-
triae, &c., are indicated.

THE PETROLEUM ETHER RESIDUE FROM AMMONIACAL.
SOLUTION.

1. It is fixed and 2. It is fixed and 3. It is fixed and
Crystalline. Amorphous. Odorous.

^. The crystals are A. On adding to
volatihsed with diffi- the watch-glass a little

y' hydrochloric acid,

crystals are left be-

hind.



232 POISONS : THEIR EFFECTS AND DETECTION. [§ 275.

aa. Sulphuric acid

dissolves it without

colour.

a. Potassic chro-

mate colours this

solution a transitory

blue, then red.

Strychnine.

/S. Potassic chro-

mate does not colour

it blue; with chlo-

rine water and am-

monia it gives a

green colour.
Quinine.

a. The purest sul-

phuric acid dissolves

it almost without

colour
;

sulphuric

containing nitric

acid, red quickly be-

coming orange.

Brucine.

j3. Sulphuric acid

dissolves it yellow,

becoming deep red.

Veratrine.

aa. Its solution is

not precipitated by

platin chloride.

a. The crystals of

the hydrochloric
compound act on

polarised light ; and

are mostly needle-

shaped and colum-

nar.

Coniine and Me-

thyl-coniine

13. The crystals

are cubical or tetra-

hedral.

A Ikaloidfrom Cai>

sicum.

y. Sulphuric acid

dissolves it brown-

green; Frohde's re-

agent red, changing

into green.
Emetin.

h. Sulphuric acid

dissolves it yellow,

and the solution be-

comes gradually a

beautiful deep red.

Sabadilline.

c. The crystals

are easily volatilised.

Coniine.

hb. The solution

of the hydrochlorate

of the alkaloid is

precipitated by
platin chloride.

Sarracinin.

h. The residue of

the hydrochlorate of

the alkaloid is amor-

phous, or, by further

additions of HCl,

becomes crystalline.

aa. Its diluted

aqueous solution is

precipitated by plar

tin chloride.

a. The hydrochlo-



rate salt, being
quickly treated with
Frohde's reagent,
gives after abouttwo
minutes adeep violet

solution which gra-
dually fades.

Loheliin.

13. The hydrochlo-
rate smells like nico-

tine, and becomes
by Frohde's reagent
yellow, and after

twenty-four hours
pale red. Mcotioie.

The hydrochlorate
is without odour,
the free base smells
faintly like aniline.

Sparteine,
hi). The substance

is not precipitated
from a diluted solu-
tion by platin chlo-
ride.

a. Its petroleum
ether solution pro-
duces no turbidity
with a solution of
picric acid in pe-
troleum ether; but
it leaves behind,
when mixed with
the above, crystals
mostly of three-
sided plates.

Triviethylamine.

13. The petroleum
ether solution gives
on evaporation',
when treated simi-
larly, moss-like crys-
tals. The substance
is made blue by
chloride of lime, as
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well as by diluted

sulphuric acid and

bichromate of pot-

ash. Aniline.

y. The alkaloid

does not smell like

methylamine, and is

not coloured by

chloride of lime, sul-

phuric acid, or chro-

inate of potash.
_

Volatile alkaloid of

the Pimento.

THE AMMOKIi^CAL SOLUTION IS SHAKEN OP ™H I'

VUi. BENZENE.

X. most cases petroleum
fr;ryTu^^^^^^^^^

more easily ^^P^^^^f\f"V.^^^IS here a difficulty which

niacal, benzene and chloroform
^^^^^^

Dragendorff,

has perhaps deterred many f^^^^^ usm ^^.^^^ ^ ^^.^ ^ ^^^^^

however, maintains that he
^^f^^J; ^ion of the benzene and I

he could not obtain a
««^P^trYerTfony^

water. If the upper benzene layer is ^ y
.^^^ ^ .^^ ^

sive, the under layer
«f Jf^^^^^^^JV^^^ a few drops of absolute

far as possible, and ^^^^
^^^^^/^he water goes through first

alcohol and filtration,
f^J^^J^^^r ^ ^ through, the

alone, and by the time the greater p
^^^^^^ separated from

ielly in the filter, by dmt of stirrm^'^ minimum, and

ihfbenzene, and, finally, J^^YaS^ff filters mostly into a

the clear ^--^-^-^ itimately theTen and the water are

burette, from which ultimately tu

separated. , . , dissolved in benzene are—

%e principal ^l^^^^^^J brucine, emetin, quinme,

strychnine, methyl and ethyl stiyc^^^^^
physostogmine, acomtiii^

cinchonine, atropine
^^[^X^.^ lycoctonum, aconelhn

thebaine, and narcotme. .-—THE—
o It is fob the most part

1 It is for the most part - Amorphous.
Crystalline. sulphuric acid dis-

a. Sulphuric acid dissolves it «•
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without colour, the solution be-
ing coloured neither on stand-
ing

_
nor on the addition of

nitric acid.

aa. It dilates the pupil of a
cat.

a. Platin chloride does not
precipitate the aqueous solu-
tion. The sulphuric acid solu-
tion gives, on warming, a pe-
culiar smell. Atropine.

13. Platin chloride applied to
the solution precipitates.

Hyoscyamine.

hb. It does not dilate the
pupil.

a. The sulphuric acid solu-
tion becomes blue by chromate
of potash.

aa. The substance applied to
a frog produces tetanus.

Strychnine.

pI3. It lowers the number of
respirations in a frog.

IJthpl and Methyl Strychnine.
13. Sulphuric acid and bichro-

mate of potash do not colour it
blue.

aa. The sulphuric acid watery
solution is fluorescent, and be-
comes green on the addition of
chlorine water and ammonia.

Quinine and Cinchonine.
(The last is more difficult to

dissolve in petroleum ether than
quinine.)

The solution is not fluor-

^'^''a ,
Cinchonine.

0. bulphuric acid dissolves it
at hrst colourless; the solution
takes on standing a rose or
violet-blue; on addition of ni-

solves it either whitish-red or
yellowish.

a. The solution becomes by
nitric acid immediately red,

then quickly orange. Brucine.

13. The solution becomes by
little and little brownish-red.
The substance is coloured red
by chloride of lime solution,
and it contracts the pupil.

Physostogmine.

b. Pure sulphuric acid dis-
solves it yellow, and the solu-
tion becomes later beautiful red
(with delphinine, more quickly
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a darker cherry-red).

[§ 275.

trie acid, a blood-red or brown

coloration. ^ n ^

a. A solution in diluted sul-

phuric acid becomes, on heating,

gradually deep blood-red, and,

when cooled, violet, with nitric

acid. The aqueous solution is

precipitated by ammonia.

a The hydrochloric acid

solution becomes red on heat-

ing.

aa The substance acts on a

frog, causing, in large doses,

tetlkus.
. ^

It is almost without action

Sabatrin.

^. The
sulphuric

solution in diluted

suipnun. acid becomes, on

heating, a beautiful blue, i^x-

cess of ammonia does not pre-

cipitate in a diluted watery

solution.
Godeme

c Sulphuric acid dissolves

it with the production ot a

yellow colour.

a The solution remains yel-

low' on standing. Acolyctm.

B It becomes beautifully red.
^' SabadiUine.

on frogs. .
K^..^~~- --

8 The hydrochloric acid solu-

tion does not, on heating, be-

come red.
Delphxmm.

d Sulphuric acid dissolves It

with an immediate deep red-

brown colour.
Thehame.

e. Sulphuric acid dissolves it

c Pure sulphuric acid dis-

solves it yellow, and the solu-

tion becomes later red-brown,

and gradually violet^red.

a The substance even in

small doses paralyses frogs, and

dilates the Pupil of a cat s e^e.

Ether dissolves it with^di&^

/it is easily soluble in ether,

its effects are not so marked,

..ditdoesnotdilatethe^p.^

Its effects are still feeble ;
it

:

does not dilate the pupil, and

i3 with difficulty dissolve^^^^^^^

rSulphuric acid dissolves it

with a dark green colour, a^d,

the solution becomes,
even atter

a few seconds, a beautiful blood-

""^"^llkaloidal substances outJ
the Aco7iitum lycoctonum-

c Sulphuric acid dissolves u
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immediately blue. brown-green, and Frohde's re-
Sttbstances accompanying the agent red, becoming beautifully

Papaverins. green. Emetin.

IX. SHAiCING OF THE AMMONIACAL WATERY SOLUTION
WITH CHLOROFORM.

This extracts the remainder of the cinchonine and papaverine,
narceine, and a small portion of morphine, as well as an alkaloid
from the celandine.

The Residue feom the Ohloeopoem.

aa. The solution, on warming, is only slightly coloured.
a. But after it is again cooled, it strikes with nitric acid a

violet-blue
; chloride of iron mixed with the substance gives a

blue colour ; Frohde's reagent also dissolves it violet.

Morpliim.
/3. It is not coloured by nitric acid ; it is also indifferent to

chloride of iron.
Cinchonine.

hb. The solution becomes by warming violet-blue.

7 r, , , . ,
Papaverine.

b. bulphuric acid dissolves it greenish-brown, and the solution
becomes, on standing, blood-red. Narceine

c. Sulphuric acid dissolves it a violet-blue.

Alkaloidal constituent of the Celandine.

X. SHAKING UP OF THE WATERY FLUID WITH AMYL
ALCOHOL.

=01-''°'.?'^ process, besides morphine and solanine, as well assahcm, the remnants of the convallamarin, saponine, seneainand narceine, are also to be expected.
'

The Amyl Alcohol Residue.

«. Sulphuric acid dissolves it without colour in the cold

. Solanizve.
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0. Sulphuric acid dissolves it g-n-brown,^-^^^^^^^^^

SulpWc acid dissolves it 7^^;^^^^^
violet on dilution with water

jt .tons ^.e heart-action in the

and it becomes red on warming. It stops ne
^^^^^^^^^^^^-^^

systole.
. T.c^i-..Ao it for the most part without

i3.
Hydrochloric acid dissolves it tor tno m i

^^ponin.

'"^Jl'ls the foregoing, but acting more feebly.

e. Sulphuric acid dissolves
^-^^^^^^^^^^

warming with sulphuric acid and bichromate p

of salicylic acid is developed.

DIVIDED RESIDUE BY CHLOROFORM,

residue of t.e^st cU^ofe™
^^^^^^^

Wue, P--g,5?'? Srcomt xed on .arming with

Another portion of this residue oeou
Guranne.

diluted sulphuric acid.

SHOKTEK PBOCESS EOK SePAK.TXNO SOME OE THE A.K..OXDS.

.276. A shorter process, ----^^tTn"faS
Dragendorff, for brucine, strychnine, qumme,

emetin, is as follows ^ . ^i^^ided, and treated with

The substance, if
a marked acid reaction. To

sulphuric acid (dilute) ^^^^^. ^^'en^^^^^ ^^'^
^^''""K

eve'ry 100 cc. .o/^^^^ilSrS la^^^^ at least 5 to 10 cc. of

water to admit of
^^f^^^ added. It is digested at oO

diluted sulphuric '

Jifthe residue treated again with

for a few hours, fiJJ^f is, after a few hours, agam

inOcc of water at 50 .
ihis extract,

, ^^porated m the

water-bath to almost the
„„e,,, or fally oraporated

r;;:er"Trr?siron:ifp.^^^^^^^^^^^^

5i?^e^irr:rj:cSL;r.rt:^:J^^^^
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filtered. The filtrate is distilled alcohol-free, or nearly so, but
a small amount of alcohol remaining is not objectionable. The
watery fluid is diluted to about 50 cc, and treated with pure
benzene ; the mixture is shaken, and after a little time the
benzene removed—an operation which is repeated. After the
removal the second time of the benzene, the watery fluid is made
alkaline with ammonia, warmed to 40° or 50°, and the free
alkaloid extracted by twice shaking it up with two difierent
applications of benzene. On evaporation of the latter, if the
alkaloid is not left pure, it can be dissolved in acid, precipitated
by ammonia, and again extracted by benzene. See also the
process recommended at page 223.

§ 277. Scheibler's Process.—A method very difierent from those
just described is one practised by Scheibler. This is to precipi-
tate the phosphotungstate of the alkaloid, and then to liberate
the_ latter by digesting the precipitate with either hydrate of
barium or hydrate of calcium, dissolving it out by chloroform, or,
if volatile, by simple distillation. The convenience of Scheibler's
process is great, and it admits of very general application. In
complex mixtures, it will usually be found best to precede the
addition of phosphotungstic acid* by that of acetate of lead, in
order to remove colouring matter, &c. ; the excess of lead mustm its turn be thrown out by SH„ and the excess of SH, be gotnd of by evaporation. Phosphotungstic acid is a very delicate
test for the alkaloids, giving a distinct precipitate with the most
.mmute quantities {^^^ of strychnine and of quinine).A very similar method is practised by Sonnenschein and others
with the aid of phosphomolybdic acid. The details of Scheibler's
process are as follows :

—

The organic mixture is repeatedly extracted by water strondy
acidified with sulphuric acid; the extract is evaporated at 30° tothe consistence of a thin syrup, then diluted with water, and,a ter several hours standing, filtered in a cool place. To the

nl.Tfiu"'^P ^'^^ ^'^ ^ excess, the preci-
pitate filtered washed with water to which some phosphotungstic

^tr^ 1?^^^^!" ^^d, whilst still moist, rinsed

uSh.;
..^^"^t^^l^aryta or carbonate of potash is added to

ulbrl'r ^n. ^-^"^ ^^^^ ^^^"^ connected with3ulbs containing HOI, it is heated at first slowly, then more
I'trongly. Ammonia and any volatile alkaloids are driven over



1 o,.rl pan be examined later

into tl« acW, and are there t-f- ^ flask « carefully

by suitable methods. The MM
^^^^^ , p„

Tjure to be examined, or, ii nu ,

'T&rconslderab.e^»^^^^^^

°
T27S Identification qf the

^[^"f''^^^^^
supposed to

^-f^e is^rrt"rrf ^^^^^^^^

essential to cuviu
attempt to do tliis ou

,

o?as?rod, different reagents can be an
^^^^^^^^

aid of a gifjJ ; ^^er the microscope as

changes watched uncle
^^^^^

^rtlTColour EeacHons.^f^^^::J^^^
ceft^n colour— n^ral aci^, F^H^-
solid substance is ^'"^^'^'^^^-^ bichromate. The ^o^^''^'^-

^..ts..

sulphuric acid, ^^^^^^^Ire important results o the^^^^^

aives a summary ot tlie mu ^^^^rustworthy, l^ut mu

reaetious jen^^^^^^^^^ -
_

be conSrmed Uy th-

SStSfonhesW^^^^
8 280. /5M6ZwHa«io'i «/ f,

^ alkaloids, and ^e,.,c

eleU,-' ^fS fhtwo^ur towards hea.



COLOUK BEACTIONS OF

Pure Snlphurio Acid.

1

1

N'ordhanseu Salphui io

Acid.

Sulphuric Acid
and

Sugar.
Fi bhde'B Reagent. Nitric Acid.

AOOXITISK. GredaAlly Tiolet The same. Bea ntiful red. Yellow-brown. Bed-brown.

ATBOPIXE.

BiREfclRl.VK

Colourless.

; Olive-green.

Colourless.

Olive green.

Colourless; atropine sul-

phate, violet, gradually
beooming brown.

Colourless.

Bi'own-green.

Colourless.

B8CCINK. Colourless. Bed. Ooloorleas. Bed. Bed.

CUELIDONINK. ' Colourless. Greea

CISCHOXIXE. Colourless. Colourless. ColoorlesB. ... ...

Colourless. Colourless. ... ;
OOLCHICIXE VXD

COLOHICKIN.
Yellow. Blue. Yellow. Yellow. Blue.

CX5XUXE Colourless. Ooloorless. Colourless. ...

CCRAfUJJK Bed. Bed. Bed

DELPHIXIXE.

DELPHINOIDIXE

Colourless.

Bed.

Colourless.

Bed.

ColonrlesB.

Green.

I
Blood-red. )

Remains clear.

EMETIX. Brown-green. Brown-green. Bed, then green, Blood-red.

HTOSCTAlimE. Colourless. Colourless. Colourless ;
atropine sul-

phate, violet, gradually
becoming brown.

Colourless, Colourless.

JEBVINE. Yellow, then bright green. Yellow, then bright green. ... Colourless.

CODEINB. Colourless. Gradually blue. Bed. Gradually deep blue. YeUow.

iluBPHINE. 1

Colourless or very faint
pink.

Violet. Fine rose colour, passing
into violet.

Violet. Yellow

1

[

i

Gradually gray, then blood-
red.

Yellow, then orangew Brown, green, red, and
blue.

...

NABCOTIXE.
i

Qradually red. Beddish-violet.

XICOTINE. Colourless. Colourless. Colourless. Colourless. Colourless.

PAPAVEBIXE. Colourless.
i Colourless. ... Orange.

PHySOSTIGMIXE. Gradually red. Qradually red. ... Red.

PI iX)CAJlPlNE. Colonrless. Colourless.

PI PEHISE.
•

Gradually green. Gradually green. Yellow, then brown. Orange.

QUIXlMiE. Colotirless. Colourless. Colourless. Greenish.

SABADILLINE. Beautiful cherry-red.
{

Cherry-red.
|

Gradually red-violet. Gradually red. Violet-yellow.

SOLANIXE <Jlear red. Clear red.
j

Blue at the edge.

STAI'H1SA«B1XE Colourless. Colourless. Brown. Violet-brown.

•sTKTCUXlNt ' Colourless. Ooloorless. Colourless. Colourless.

TAX IX Bed. •..

TBALICTSiye. Deep green.

1 HEINE.

THIX/CBO'MNE. r Colourless. Colourless. Colourless. Colourless. Colourless.

TUEBALXE. B;ood-red. Bed. Orange. Yellow.

'• EBATBIXe.

VKKATKOIDIME. >

1

Gradually a beautiful '

cherry-red.
,

Gradually a beautiful
cherry-red.

(Gradually bine. 1

(Gradually violet. j

Gradually oherry-rel. YeUow.

SEVEBAL ALKALOIDS.

Concentrated
Hydrochloric Acid.

Colourless.

Colourless.
I

I

Oolourless.

Colourless.

Colourless.

Colourless.

Colourless.

Colonrlebs,

Colourless.

Colourless.

Reddish.

Wine-red.

Colourless.

Yellow.

Red.

Sulphuric Acid
and

Potassio Bichromate.

Dirty coloured.

Orange.

Ferric Chloride.

Green-brown.

Blue, then violet, then red.

Brown.

Dirty coloured.

Olivi -green.

In watery solution is

precipitated yellow.

Is not precipitated.

Other Roaotious

Is not precipitated.

Is not precipitated.

Green.

Is not precipitated.

Colourless.

Blue.

In hydrochloric acid solu-

tion is precipitated.

Is not precipitated.

Blue, then quickly violet Brown precipitate,

and red.

Colourless.

Bed-brown.

Is not precipitated.

Gives a precipitate In HCl
solution

The precipitate with phosphomolybdic acid soon becomes blue

Dilates the pupil.

^ comes red.''°'^^'* "
'""^ ^"'^ " '^"^ "''"P" °' ^''^t" "°-

/iTuKfo""-''^ S"'""''!
I" sulphuric acirt

ii
. 8) a little potassio ohromate colours it a beautiful red.

^'?^'q''i?°'"''J' T*'
Poisonoua-the hydroohlorate forms Hue oi-ygtals, solublein 324 parte of water, and precipitated by concentrated HOI

Does not become green with the chlorine ammonia test.

Does not become green with the chlorine ammonia test.

The precipitate with chloride of gold is quickly deoomposod with produc-
tion of a red colour. The solutfou in sulphuric acid, to which nitric acid
Has been added after disappearance of the blue colour. Is reddened by
potash. '

Gives a crystalline residue with HOI.

The sulphnrio acid solution becomes violet with bromine.

Concentrated hydrochloric acid colours the solution in FrUhde's reagent
deep blue.

Dilates the pupil.

On warming with sulphuric acid and a little ferric chloride, it becomes blue.

Reduces io late, silver nitrate—reddens ferrooyanide, Ac.

A beautiful red colour on evaporating the solution in dilute sulphurio acid.

Evaporated with dilute HOI gives an amorphous residue.

On warming with sulphurio acid becomes blue.

Is coloured red by calcic cliloiiUe solution; mercuric iodide precipitate
soluble iu alcohol.

Solution in chlorine water liecomes green on the luidition of ammonia.

The blue colour Is more vivid with sniphtiric acid and cerium oxide.

Chloride of gold and tsxin is easily soluble.

Dissolved in chlorine water on evaporation gives a red brown residae,

coloured red by ammonia.
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heated, either—(1) sublime wholly without decomposition (like
theine, cytisin, and others) ; or (2) partially sublime with decom-
position ; or (3) are changed into new bodies (as, for example,
gallic acid) ; or (4) melt and then char ; or (5) simply char and
burn away.
Many of these phenomena are striking and characteristic,

taking place at definite temperatures, subliming in characteristic
forms, or leaving characteristic residues.

One of the first to employ sublimation systematically, as a
means of recognition of the alkaloids, (fee, was Helwig.* His
method was to place a small quantity (from | to -^-^ of a
milligram) in a depression on platinum foil, cover it with" a slip
of glass, and then carefully heat by a small flame. After Helwiw,
Dr. Guy f greatly improved the process by using porcelain discs'
and more especially by the adoption of a convenient apparatus,
which may be termed "the subliming cell." It is essentially
composed of a ring of glass from ^ to | of an inch in thickness,
such as may be obtained by sections of tubing, the cut surfaces
being ground perfectly smooth. This circle is converted into a
closed cell by resting it on one of the ordinary thin discs of glass
used as a covering for microscopic purposes, and supporting a
sunilar disc. The cell was placed on a brass plate, provided with
a nipple, which carried a thermometer, and was heated by a
smaU flame applied mid-way between the thermometer and the

!

cell
;
the heat was raised very gradually, and the temperature at

I which any change took place was noted. In this way Dr Guy
made determinations of the subHming points of a large number
ot substances, and the microscopic appearances of the sublimates
were described with the greatest fidelity and accuracy. On re-
peating with care Dr. Guy's determinations, however, I could inno smgle instance agree with his subHming points, nor with the
apparatus he figures and describes could two consecutive observa-
iti^ns exactly coincide. Further, on examining the various sub-liming temperatures of substances, as stated by difierent authors
I

the widest discrepancies were found—diff-erences of two or even
jthree degrees might be referred to errors of observation, a want

lie bnf ^r'^
tliermometers employed, and the

l^iJie, but to what, for example, can we ascribe the irreconcilable
istatements which have been made with regard to theSe ? Acicordmg to Strauch, this substance sublimes at 177= accordi^c:to Mulder, at 184-7°. But that both of these obser;ations de^|Viate more than 70" from the truth may be proved by

' Daa Mih-oscop hi der Toxicologic.

LoUriSTs'f" t'^' ^"j-
'

" J-oreusic Medicine."

16
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o.e who cares to place, a ^^^^^J^.^^^t:^^
between two watch-glasses, over the water^bat

^^^^ .^^

a distinct sublimate
-^^^f̂ ^.^^^ totbS several degree,

point of fact, theine will be louncl

below 100°. omnion is not found either m
Since this

8^--\^'^Z^'^7ho^^^ or any of the like

the specific gravity, or
.^^JJ^^^''"'" ^ties of a substance, it is

determinations of the
P^y^^^^^^Xertrused for the determination

self-evident that the P™^^^^^^^
^̂^^^^ of error are chiefly-

of subliming points are ^ulty ine « temperature

(!•)
^'^'''''W^ ttt oTE metrcVrface in the ism

read being rather that ot
g^^gtance itself.

vicinity of the thermometer
Y'!'^ ^^^^^g^^vers as to what should

(2.) The want of agreement among ob^^^^^
^^^^

billed a Bublime^j7«-
r^^^^^^^^^ taking cognisance of

which is evident to the naKeci ey ,

the earliest microscopic i'^^-
, ^ process. ^ ,

(3.) No two persons employing
^J^^?- J' I ^^opt Dr. Guy's

W th regard to the aPPtf^^^^",7^^/' Jsttic^ oi a metaUic

subliming cell; but "^^^'tr tj^^^^ ^
f'^'l

S^ve'io" th^^u^rmtury, but fo^ higher temperature.

f.sible metal is preferable.
^^^^^

,.nows:--^A

porcelain crucible (see J^i«.
>

/>

mercury or tusioie m ,

crystals ottliesuub
microscopic

is placed
«^\;fl^^^ed ontLuquid,andcovering glass, tioatea ou ^

^
.

the cell is completed by the
^^^^^.^

»

and upper disc P o^^^^,
^5), fi^ed

f ^"^Ctlta'nd ii^the u^l -y, and
to a retort stanu m

molin" ef-

protected from ^1-
J^^^^^^^^^^^^^

fects of currents of a"
^^^^^^ l^ottoui

with a flask (c), from tUe

has been removed, ^te neci.

ilask conveniently ^;jPP°^;i^ ^^^ric, and

meter, which passes

the bulb of the thermometer^s
im

in the bath of l^n^^^'^^Xtance the

Fig. 13.
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taking off" the upper disc with a forceps at every 10° and
exchanging it for a fresh disc, until the substance is destroyed
Ihe second examination is conducted much more slowly, and the
discs exchanged at every 4° or b", whilst the final deter-
mination IS effected by raising the temperature with great
caution, and exchanging the discs at about the points of change
(already partially determined) at every half degree. All the
discs are examined microscopically. The most convenient defini-
tion of a sublimate is this—the most minute films, dots, or
crystals which can be observed by |-inch power, and which areobtained by keeping the subliming cell at a definite temperature

ZZIJ.^^'T ^- commencement of many sublimates

SSet^tb'^P'•?^'^°*' °^ extraordinary minuteness, quitemvisible to the unaided eye; and, on the other hand, since the

Shtfif r i« ^^^J as an aid to other

S e?vJs orttr'tr''"" 1- ^"'^ir^^' SO beyond skortintervals oi time, the operation, otherwise simple and speedvbecomes cumbersome and loses its general applicability ^ ^'

Ihere is also considerable discrepancy of statement with re-ard

used III Z^^l^J°^*' j"'""'' ^0 apparatus wasuseci, out the substance was simply nlacerl nr. a thi^^;.^ i

dots; these rtrcfradualW 1

"^^§"^^^"8 P«^ers into minute

convked in 0 cry^^^^^^^^ 1^^%^"^'.^^^ ^^^^^^"^
about 200°.

"^""y^^^^^ a*
,

the alkaloid browns at or

^Ae6m«€ sublimes in theine-]ike crvstal=! 1^*^° ^ i,- i.

temperatures (160° to 9nn°N !;f n ,
'

higher

observed. The rLh?e on ii,T '
Prisms are

&n;ro?t,t7e:Se7r4in^^^^^^^
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gives no suHhn^e.^^J^
liquid, , which una«goe»

^Heated a few degrees

tondton of brown colom .

J^*"^ i„ .lowly, shows

fs^™;lrured%Sd:'e,tviid into lobes or drops conUrnrng

X"?«Hlf|ftes no snhWte. it a* T^e re^u^.

l^ti;rs:S°:UgKrn^=Und m no wa, ehar..

teristic.
_ rrvstalline sublimate ; it melts at 89°,

Hyoscyamme g^^^^.'^^ '
f^^^e^^^^^ without decomposition,

and appears to
^^^^^^^f<^X.?less fluid which, ^.hen solid, may

It melts into an almost
f/lf1Jrenchyma ;

onmoisten-

exhibit a network ^ot^^^^^l^'f^^^^^^ immediately

ing the network with water, interiacin y ^

appear-. If,"^^CfyTo^o^^^^^^^^^^
spots are

^^^^^^^ ... appears

on«;i"^^
not characteristic. ,qiTnmed with nebulae at 190,

Solanine.-The upper
^^^^^^^^^^t liigher temperatures ; at

which are coarser and
^^^^/^f^^'^Jts the residue consists of

200° it begins to brown, and then melts ,

amber-brown, ^on-characteristic drops-
^^^^^^^^

^^r2/ctee gives a minute^^^^^^^^^

disposed in lines, at 169 ,
about ^

that temperature) is resi^oi^s
^

l^igjer

5«e melts at 151 /^^^ ^ the lo^er disc, after

temperatures becoming
^^^J-^^^^^ observed, the residue being

melting, be examined, no
^^7^,*^^^^ the twigs of a leafless

quite transparent, with branching
^^'^^^ -^.^ than by true

tree ,liglit "^i^^s produced rather b^^^^^^ P^^

sublimation, «o^^*i«^^^^r.nr subUmes ; it begins to brown about

5a?,onm neither melts nor subhm^^^^

145° is almost black at Ibb
,
ana qu

becomes amber at

Ddphidne begins to brown no crystalline

119= and melts, and bubbles appear.

sublimate ;
residue not characto^^^^^^^^^^^ ,t 153°;

Pilocarpine gives a di^^^.^.?,^
/^^^^^^^^ be observed as low as

but thin mists, consisting of hne dots Ĵ i60° to 1 < 0

140°. Pilocarpine melts ^t 159
;f^"^.^

th water

are in light yellow drops. If these^^^^^^ ^^^^.i; the

and the water evaporated, teatliery y

residue is resinous.
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__Theine wholly sublimes ; the first sublimate is minute dots, at
/9 ;

at half a degree above that very small crystals may be
obtained

;
and at such a temperature as 120°, the crystals are

often long and silky.

Theobromine likeMdse wholly sublimes; nebulas at 134°
crystals at 170°, and above.

'

Salicin melts at 170° ; it gives no crystalline sublimate. The
melted mass remains up to 180°; almost perfectly colourless •

above that temperature browning is evident. The residue is not
cnaracteristic.

Picrotoxin gives no crystalline sublimate. The lowest tem-
perature at which it sublimes is 128°; the usual nebulas thenmake their appearance; between 165° and 170° there is slight

cwSikfc!
'''^

^'^-'^ -

Cantharidhi_5umme^ very scantily between 82° and 83°-
at 50 the sublimate is copious.

'

The active principles of plants may, in regard to theirbehaviour to heat, be classed for practical purposes^into-
1. Ihose which give a decided crystalline sublimate :

(a.) Below 100° e.g., theine, thebaine, cantharidin.
(b.) Between 100° and 150°, e.g., quinetum.
(c.) Between 150° and 200°, e.g., strychnine, morphine,

pilocarpine. ^ '

2. Those which melt, but give no crystalline sublimate :

(a.) Below 100° e.g., hyoscyamine, atropine.
(b.) Between 100 and 150°, e.g., papaverine,
(c.) Between 150° and 200°, e.g., salicin.
(d.) Above 200°, e.g., solanine.

slponin."'"^
""'^^^

^ -^^^^^l-e -blimate,

in i 'few o^C)fCtl^^^^^^
Analysis.-ln a few cases (and

to make an ^nic aSsir^tS'"' "^"'^^^^^ ^^^^

^ound in practice that th^aXL rtenTl^P^.r
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reliable than those of the nitrogen, and there are obvious reasons

10 ec. of XirweSh of carbon, it follows that

^r-I^J^SawL^p^Sent.about the sn^allest ,uanUty w.th

^hich a reliable single
«?'-l'''*°"Xabirnumber of the alka-

J^SSS^S:^^:^^^^ to their content

in carbon :

—

TABLE VII -CONTENT OE CARBON AND NITROGEN IN
TABLE VII.

'^'^^Q^g ALKA1.0IDAL BODIES.

Asparagin, .

Metliylamine,

Betaine,
Theobromine,
Tlieine,

Indican,
Muscarine, .

Lauro-cerasin,

Amanitine, .

Narceine, .

Colchicine, .

Oxyacanthine,

Solanine,
Trimethylamine,

Jervine,
Sabadilline,

Aconitine, .

Nepaline, .

Colchicein, .

Veratroidine,

Narcotine, .

Veratrine, .

Belphinine, .

Physostogmine,
Rhceadine, .

Cocaine,
Gelsemine, .

Conhydrine,
Staphisagrine,

Chelidonme,
Atropine, Hyoscyamine

Sanguinarine,
Papaverine,
Delphinoidine,

Carbon.

36-36
38-71
44-44
46-67

49-48
49-60
50-42
52-47

57-69
59-63
60-53
60-57
60-66
61-02
61-03
61-29

61-39
63-09
63-44

63 8
63-92
64-42
64-55
65-49
65-79
66-44
67-00
67-12

67-5
68-06
70-58
70-59
70-79
70-9

Nitrogen.

21-21

45-17

10-37
31-11

28-86
2-22
11-77
1-53

13-46
3-02
4- 15
4-42
1-68

23-73
5-14
3-46
2- 17
2-12
4-38
3-1

3-39
2-91
3-42

15-27
3-65
4-84
7-10

9-79
3-6
12-34
4-84
4-33
4-13
3-9
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Morplune and Pipenne

I^itrogeiii

71 -58 4-91
-berberme, . , , , 71 '64 4-18
Codeine, .... 72-24 4-68
inebaine, .... 73-31 4-50
Cytisme, . , . , 73-85 12-92

• /•* US 17-28
Quinine, .... 75-02 8-64
Coniine, .... 76-81 11-20
Strychnine, 77-24 8-92
Curarine, .... 81-51 5-28

§ 282. Quantitative Estimation of the Alkaloids.—For medico-
legal purposes the alkaloid obtained is usually weighed directly,
but for technical purposes other processes are used. One of the
most convenient of these is titration with normal or decinormal
sulphuric acid, a method applicable to a few alkaloids of marked
basic powers—e.^r., quinine is readily and with accuracy estimatedm this way, the alkaloid being dissolved in a known volume of
the acid, and then titrated back with soda. If a large number
of observations are to be made, an acid may be prepared so that
each cc. equals 1 mgrm. of quinine. A reagent of general appli-
cation is found m the so-caUed Mayer's reagent, which consists of
ld,546 grms. of mercuric chloride, and 49-8 grms. of iodide of
potash m the litre of water. Each cc. of such solution precipi-
vatjes-^

Of Strycknine,

,, Brucine,

,, Quinine,

,, Cinchonine,

,, Quinidiae,

,, Atropine,

,, Aconitiue,

Veratrine,

5, Morphine,

„ Narcotiue,

,, Nicotine,

,, Coniine, ,

•0167 grm.
-0233

•0108

-0102

•0120

•0145

•0268

•0269

•0200

-0213

•00405

-00416

on tn r 1 w ^^^^"^ ^\t^ving, from time to time, a drop

tTet.f^ '
"-"""^ '''' ^ blackened surface, and adding

rl^l
no precipitate appears. The results a -e only accu

proximktivelv tL
^b^ol^tely necessary first to ascertain ap-

trate ^ P'^''^^*' ^^'^^ ^ dilute or concen-

obtSked '''' P-P-^i- nientioned is

A convenient method of obtaining the sulphate of nr, oil i -afor quantitative purposes, and espedall/SrS^anic atwtis
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that recommended by Wagner The. fluid is aciduW^^

and the precipitate dissolved m sulphurous acid which, on

left on ignition of the double salt :—

Atropine, .

Aconitine,

Amanitine,
Berberine, .

Brucine,
Cinclioniiie,

Cinchonidine,

Codeine,

Coniine,

Curarme, .

Delphinine,
Delphinoidine,

Emetin,
Hyoscyamine,
Morphine, .

Muscarine,
Narcotine .

Narceine, .

Nicotine, .

Papaverine,
Pilocarpine,

Piperine, .

Quinine,
Strychnine,

Thebaine, .

Theine,
Theobromine.
Veratrine,

TABLE VIII.
Gold.

31-57
22-06
44-23
29-16

26-7
29-0

34-6

43-01

15-7

35-5

40-0
29-15

37-02

21-01

Platinmn.

18-11
16-52

27-36
27-87
19-11
29-38
32-65

15-8
29-7

19-52

15-9
14-52
34-25

17-82
23-6 to 25-2

12-7

26-26
18-16
18-71
24-58
25-55

Veratrine,
_

•
.

* \ .^ , . .i^e weight of a body,

S 283. Baroptic Estimation, —it oe
^

As volume Sits sp^ci^^^^^^^^^^ is

of the standard, then W - v du.
„„,f^nedby

inspection.
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constantly applied to determine the weight of large masses of
substances, which, from their bulk or position, cannot be directly
placed on a balance—for example, the Egyptian pyramids have
been measured, and the weights calculated from the cubic volume
and the known specific gravity of the stone entering into their
composition. If the formula has thus been made use of in the
vast, it is also applicable to the minute—to small particles of
substances, so fine that they are inappreciable by the most delicate
balance. In several experiments made in order to ascertain
whether, by careful measurement by a micrometer, it is possible
to obtain the weight of a minute crystal, the specific gravity of
which is known, I obtained the following results :—So long as
the crystal has a definite form, no diflBculty is experienced ; but
when a drop of a solution is allowed to slowly evaporate, or when
a crystalline-compound is formed by precipitation, the great
practical difficulty is found to be the liability of only a part of
the deposit to be crystalline in most cases, some small portion
being deposited either in an amorphous condition, in dots, or in
irregular masses. Nevertheless, in not a few cases, the expert
can obtain a fairly accurate weight, if he only give the necessary
time to the measurements of the separate and single crystals
which compose the unweighable film or deposit.
The details of the operation are as follows :—A micrometer

eye-piece is used, and the value of each division of the eye-piece
determined in the way recommended in vol. i., " Foods," p. 73.
The eye-piece of the microscope should be made to turn with
great ease, and the dimensions of each crystal taken by adiustino-
the micrometer to its chief edges. What, and
how many, measurements will be required, de-
pends, of course, upon the form of the crystal
thus, for example, a cubical crystal will only
require one side measured, and that side, multi-
plied three times into itself, gives the solidity or
cubical content. The solidity of a rectangular
crystal is obtained by multiplying the length or
breadth and depth together. The solidity of a
triangular prism is obtained by multiplying the
area of the base (see Fig. 14) A B E by the llngthA 13 In such a case, a measurement of A D
would also give A E and E D, for these sides are
equal

;
supposing thatA B measured 20 micrometer

divisions, and AD measured 2-6, the area^of the base AED
IS then, according to ordinary rules,*

Fig. 14.

3-75 X 1-25 X 1-25 X 1-25

* The area of a triangle, the aides having been given, is found by
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, , T Tx V, .o.TARq V 90 = 54-126, this iiumber
= 2-7063, and the solidity is 2uOb6 x - ot i..u,

scopic method is largely applied.

II. LIQUID VOLATILE ALKALOIDS.

™. ALKALOIDS OF H«LOCK-SICOT,N.-P.TUalE-SP.RTE,...

1. THE ALKALOIDS OF HEMLOCK (CONIUM.)

5 284. The
rj;^^^^^^^^^^ ,

from three to Sve feet high,
^"t^iotao^f^i mSlateral, ovate,

purple ; the leaflets of the
Pjf'^' umbel. ; the

to -381,«boilmg pomt 163 5
J^^f

^^'(^ "J^rt is soluble in 100

peculiarly unpleasant,
"J^^^^ all proportions

parts of water, m 6 parts of
lej^-

^^^^^^^^ readily volatilises,

?f amyl alcohol, «hlo™for^^^^^^ ^^^^ ft

and, provided air is e^^^^'f^, ^'

"^^^^u„ flame. It acts as a strong

ignites easily, and burns
^Tf^ ^.^^^^ ^^^'-^^'^ ^^^"^

bitse, precipitating the
Coniine forms salts

their solutions, aiKl It coagulates a^bum^^
^^.^^

subtracting froni half the^ l^tuSfmu^^^^^^^^^^
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sulphate, nitrate, acetate, and tartrate are, on the other hand,
non-crystalline.

If coniine is oxidised with nitric acid, or bichromate of potash,
and diluted sulphuric acid, butyric acid is formed ; and since the
latter has an unmistakable odour, and other characteristic pro-
perties, it has been proposed as a test for coniine. This may be
conveniently performed thus :—A crystal of potassic bichromate
is put at the bottom of a test-tube, and some diluted sulphuric
acid with a drop of the supposed coniine added. On heating, the
butyric acid reveals itself by its odour, and can be distilled into
baryta water, the butyrate of baryta being subsequently sepa-
rated in the usual way, and decomposed by sulphuric acid, &c.
Another test for coniine is the following :—If dropped into a

solution of alloxan, the latter is coloured after a few minutes
an intense purple-red, and white needle-shaped crystals are
separated, which dissolve in cold potash-lye into a beautiful
purple-blue, and emit an odour of the base.* Dry hydrochloric
acid gives a purple-red, then an indigo-blue colour, with coniine;
but if the acid is not dry, there is formed a bluish-green crystal-
Ime mass. This test, however, is of little value to the toxi-
cologist, the pure substance alone responding with any definite
result.

The ordinary precipitating agents, according to Dragendorff,
act as follows :

—

Potass, bismuth iodide.

1 : 2000, a strong orange precipitate.

1 : 3000. The drop of the reagent is surrounded with a
muddy border.

1 : 4000. The drop of the reagent is surrounded with a
muddy border.

1 : 5000, still perceptible.

1 : 6000. The last limit of the reaction.

liidt!''fto'oO^^'^'''
^""''^ ^'^^^ ^^'"''^ y®^^'''^ precipitate;

neutral, 1 : bOO m acid, solutions.

ThV'llT' ""-f^'- S^^""^ amorphous precipitate, 1 : 300.

unde? sTmiW precipitant. (Nicotine,

Of nlWl.
"^?°^?t^nces, gives a crystalline precipitate.)

^1 ail these tests the most satisfactory are—

* Schwarzenbach, Vierteljahrsschr. f. Pract. Pharm., viij., 170.
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a ) The formation of microscopic needles of hydrochlorate of

coniine, doubly refracting light, and evolving a mousey odour

when breathed upon.

(2.) The formation of butyric acid m oxidation.

(3.) The reaction Avith alloxan.

Most of the coniine of commerce contains—

n TX ^8-^14 I "NT

Methyl coniine, . . '^g-H-iY, or
^

j- i->

,

a substance which can be formed artificially by warming coniine

^ th methyl iodide, treating the mixture -th soda-lye, and di

.

tiUinc. It seems probable that the base which MM. ^^ichaei

anc Gundelach* have recently obtained, by _
the reaction off

butilyclene chloride and methylamine, is -lentical with methy^-

rnniine It is very similar to conune m appearance
;
and L>rs. .

Crum Brown and Eraser have established the fact t^at its to^c
;

action is both qualitatively and quantitatively equal to that of

conSne. Ethyl coniine and methyl conime are also similar

iTs" Zl^r^e (03H,,N0) is frequently
p-^^^^^^^

somewhat in water, and easily m alcohol and ether
,
the solution

as, conune. It has little ^eaico le
coniine,.-

experiments appear to show that toi every

hemlock only contains ^/T^of ^^nhydrme t

•t, -nlant itself and in pharmaceutical preparations, can u

* J3er. der Deutsch. Chem. Ges
,
xiv

, alcoholic ammonia,

+ By the reaction between bntylic
^d^'^y*f^,.^°„,,:f, ^ It is a nitnle

Sciiff^as prepared an isomeride of
'^-^^^''l^^^Z^^^^ similar in Us

base, while coniine is an imine base; it is poisonous, a

action to coniine. • „ fl„«i- mntaining the alkaloid flmii-

i This is easily effected by uniting a

airttight, with a Liebig's condenser and a receiver, the latter g

I
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> acli cc. = about -0041 6 grm. of coniine. It appears to be necessary

to add powdered potassic chloride and a small quantity of diluted

;lphuric acid before titrating, or the precipitate does not
parate. In any case, the end ^of the reaction is difficult 'to

observe.*

The fresh plant is said to contain from about -04 to "09 per
cent., and the fruit about 7 per cent, of coniine.

The officinal preparations are—the leaves, the fruit, a tincture

of the fruit, an extract of the leaves, the juice of the leaves

(SuGcus conii), a compound hemlock pill (composed of extract of
liemlock, ipecacuanha, and treacle), an inhalation of coniine

(
Vapor conii), and a poultice ((Jataplasma conii) made with the

lecaves.

§ 288. Statistics of Coniine Poisoning.—F. A. Falckf has been
able to collect seventeen cases of death recorded in medical
literature, up to the year 1880, from either coniine or hemlock.

' Two of these cases were criminal (murders), one suicidal, two
cases in which coniine had been used medicinally (in one
instance the extract had been applied to a cancerous breast; in
the other, death was produced from the injection of an infusion
of hemlock leaves). The remaining twelve were cases in
which the root, leaves, or other portions of the plant had been
ignorantly or accidentally eaten.

§ 289. Effects on Animals.—It destroys all forms of animal
.
life. I have recently made an investigation as to its action on
the^ common blow-fly. Droplets of coniine were applied to
various parts of blow-flies, which were then placed under glass
shades. The symptoms began within a minute by signs of
external irritation, there were rapid motions of the wings, and
quick and aimless movements of the legs. Torpor set in
speedily, the buzz soon ceased, and the insects lay on their sides,
motionless, but for occasional twitching of the legs. The wings,
as a rule, become completely paralysed before the legs, and death
occurred at a rather variable time, from ten minutes to two
hours. If placed in a current of air in the sun, a fly completely
under the influence of coniine may recover. Coniine causes in
frogs universal paralysis (which is not preceded by convulsions)
and speedy death. Dragendorfi" experimented on the action of
comme when given to five cats, the quantities used being -5 to

'^^^iaret^Tet'S °' exhausting apparatuses

0*0^^
«°^°SrPetfrsb ^fgT^'^'"^

Werthhestimmung einiger jiarkwirkender

t Praia. Toxicologic^ p. 273.
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•05 crrm The syraptoms came on almost immediately, but with

the "smaller close given to a large cat, no effect ^^1^ -^^^^^^^^^

until twenty-tive°minutes afterwards: this ^^^^ j^.^e °y

f

interval On*; of the earliest phenomena was dilatation ot

the pupil, followed by weakness of the limbs passing in o

mralvsis the hinder legs being affected prior to the fore. The

SlptatSn became troWed, fnd the frequency « the Wt^^^^^^^

diminished ; the heart in each case acted irregularly, and the sen-

Si generally was blunted; death was P--f^^^^ ^^^^^^^^^
thf? cases in which the larger dose of -4 to 0 grm. was

aLhiistered Lth took place within the hour, one animal

t^S n Ss^t minutes, a se'cond in eighteen minutes, a t urd in

twenty minutes, and a fourth in fifty-eight f"^^Jj^" ..1 .of take
smaller dose of -051 grm. given to a large cat, death did not take

pTace until eight hours and forty-seven minutes after admm-

S 2?0 M-ects on Man.-ln a case recorded by Bennet,* and

Quoted in most works on forensic medicine, the symptoms were

those of General muscular weakness deepening into paralysis

The patieSt had eaten hemlock in mistake for pai-sley; in about

twenty minutes he experienced weakness m the lower ^x-

t^emfties and staggered in walking like a drunken man
;
withm

tTws there was perfect paralysis of both upper and lower

extremities, and he died in three and a quarter houis. In a^ot^ier

castTelated by Taylor, the symptoms were also
[
^^^-^^

paralysis, aud in other instances, stupor, coma, and slight con

^t29T%*^^^^ is generally agreed that

coniil paral/ses, first the ends of the -o/o^-S'lt" laS
their trunks, and lastly, the motor centre itself. At a latar

perfod the sensory nerves participate. In the ear ler stage the

?espSationis quickened, the pupils contracted, ^he Wood^pr^_

perhaps, decomposed m the body.
nothinc^ charac-

§ 292. Post-mortem Appearances.—Ihcio is notmno

teristic in the appearances after death. ,

Fatal dose.— fatal dose of coniine is not kno^^n, m

case- of Louise Berger, 10 to 15 drops appear to have caused

* Ellin. Med. and Surg. Journ., July, 1845, p. 169.
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death in a few minutes. The auto-experiments of Dworzak,
Heinrich, and Dillaberger, would indicate that one drop may
cause unpleasant symptoms. Albers, in the treatment of a.

woman suffering from cancer of the breast, witnessed convulsions

and loss of consciousness from a third dose of 4 mgrms. ("06

grain) ; and Eulenberg, its full narcotic effects on a child after

subcutaneous injection of 1 mgrm. (-015 grain).

§ 293. Separation of Coniinefrom Organic Matters or Tissues.—
The substances are digested with water, acidulated with H,SO^,^
at a temperature not exceeding 40°, and then filtered. If the
filtrate should be excessive, it must be concentrated ; alcohol is

then added, the liquid refiltered, and from the filtrate the alcohol
separated by distillation.

On cooling, the acid fluid is agitated with benzene, and the
latter separated in the usual way. The fluid is now alkalised
with ammonia, and shaken up once or twice with its own volume
of petroleum ether ; the latter is separated and washed with
distilled water, and the alkaloid is obtained almost pure. If
the petroleum ether leaves no residue, it is certain that the
alkaloid was not present in the contents of the stomach or

. intestine.

The affinity of coniine with ether or chloroform is such, that
its solution in either of these fluids, passed through a dry filter,

scarcely retains a drop of water. In this way it may be con-
veniently purified, the impurities dissolved by water remaining
behind.

In searching for coniine, the stomach, intestines, blood, urine,

I

liver, and lungs, are the parts which should be examined,
ji According to Dragendorff", it has been discovered in the body of

I
a cat six weeks after death.

i; Great care must be exercised in identifying any volatile
1: alkaloid as coniine, for the sources of error seem to be numerous,
ii! In one case* a volatile coniine, like ptomaine, was separated from
t a corpse, and thought to be coniine ; but Otto found that in its
1 behaviour to platinic chloride, it difi"ered from coniine; it was
I very poisonous—-07 was fatal to a frog, -44 to a pigeon, in a few

minutes. In the seeds of Lupinus luteus there is a series of
conime-hke substancest but they do not give the characteristic
crystals with hydrochloric acid.

* Otto, Anleitunrj z. Ausmittlmg d. Gifte, 1875.
t Sievert, Zeitschri/tfur Nattir. Wissenachaftm.
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2. NICOTINE.

8 994 The various species of tobacco found m commerce all

§ 294. ine yario^^'
noisonous alkaloid {Nicotine), probably

contain a liquid, volatile P«f . •

^i^jg There is also

following table :—

Nicotine, . .

"

Concrete volatile oil.

Bitter extractive.

Gum with malate of lime,

Chlorophyl,
Albumen and gluten,

Malic acid, • %
, i

malate of ammonia, . • •

•

Silica,
^ .

Water,

0-060

0.010
2-870

1.740
0-267
1-308
0-510
4-969

0-734

0-088

SS-280

100836

S 295. QuantUatv^e Estimation of Ni.oti.^
Zlllt^m^^-JZol (although

--rr^^^^^^

is then.exhausted by
P^^^^^Xhtt titrated back by

a slight excess of normal ^^^P^^^^^^^^^^ collected and

baryta water; the «^ P^^^, fJ^^^^^^^^^^ to the per-

weighed, so as to control
"^^^^l^^^^:^^^^ Kosutany found

centage of nicotine m ^^'^Y'T^J tZcco ;
Letheby, in sis

from 1-686 to 3-738 per centu m d^^^^^^^
^ ,

samples, from 1-5 to d 1/ , T o.oq tier cent., Kentucky 6-09

Havanna 2 per cent., ^^a^yland 2 29 per cent.^
^^^^^^^^

per cent., Virginian 6-87 per c-t., a^id foi

quantities varying from 3 22 to ' ^'^ P^^ Wittstem,

found in Paraguay tobacco from 18 to 6 per cei
,

^^^^

in six sorts of tobacco m Gf"!^'^'^^'
^1

'""alkaloid varies withm
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of extraction and estimation by these various observers are of
unequal value.

. (CioHi.N-,), when pure, is an oily, colourless

S'- V \' ^P'^'^'^^ gravity at 15°.* It evaporates under
lUU in white clouds, and boils about 240°, at which temperature
It partly distils over unchanged, and is partly decomposed—

a

brown resinous product remaining. It volatilises with aqueous
and amyl alcohol vapour notably, and is not even fixed at - 10°

hJT, "'A ?i ''^^''"''^ reaction, and rotates a ray of polarised
light to the left. Its odour, especially on warming, is strong and
unpleasantly like tobacco, and it has a sharp caustic taste Itabsorbs water exposed to the air, and dissolves in water in all
proportions, partly separating from such solution on the addition
ot a caustic alkah. The aqueous solution acts in many respects

'.^*"'f
^"11^' ^^^^ therefore be inceitam cases estimated with accuracy by titration, 49 parts ofH^SO, corresponding to 162 of nicotine.

Alcohol and ether dissolve nicotine in every proportion - if

;htht1rm?">f ^'"'^ fi-*- The -lts

Zf^mJZTfl T-ffl ^r^^'^r^l^^^^'
citric, and phosphoric acids

Sa .
difficulty

; tartaric and oxalic acid form whitecrysta line salts, and the latter, oxalate of nicotine, is soluble in

fZoni: ^tT"*^ it"^.
distinguishes it from the oxakte of

rrgrerate 2otZ ^^^^^f^
i« ^^e best salt from which toItinerate nicotine m a pure state.

pure^basf'St/ ^^^^^^ '^'^^^ volatilised than thepure base Nicotine is precipitated by alkalies &c also bv

statP it r •"o™- ""'l becomes thick, to which

;XiSe%r^^^^^^^^ ^ubstance, o^^^

the bl^7r?7f
'

"""^ nicotine, as confirmatory of others is

etrtutfe obtained byLding to'^

crystals rTq^^^alwT^^^^^^^ ^^^^ - The

is ^)lub?e1/:icoJi?7
blood-red or brown

; the product

Cyanoten Io ln^^'^
-^^

°f
evaporation in crystals.

crystalline prec Sta e soluwi ^ ^'<^ddish

a flooculent SeState A T ^^^T^^.^^'
^^^^ gallic acid gives

chromic acid bl^r. /^""^P PO^red on dry
camphor;TfL tSL?d f ^d^"'' °f tobacco

.
I the Ignition does not occur in the cold, it is produced

* J. Skalweit, Ber. dcr. DcuUch. Chan. GeselL, 14, 1800.

17
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a gentle heat ^l:^^--'^J-f^:^^::^Z':^£:^

^ Xay-Te Sc,Xr.f W into the oxalate,

and dissolving in absolute alcohol .
. ^ nicotine

On the other hand, a ^^Z^^^ZV-re^-^t with. It

is apt to occur when small ^^^fJ_fJuowinff tests

may, however, be guarded 3^^^^^^^',^^^^^ dissolved

(1.) If coniine be converted into
f^^^^^^

n^3,t in vacuo)

inWohol, and ^g^^^^^^^^^ a crystalli.^

with caustic-lye, ^nd then hydrocnior
reivs^ds light,

hydrochlorate o£ conime is
^^^^L dendritic, moss-

and is in needle-shaped or column^^^^^^^^ ^.^.^^

Uke forms. The columns ^f^^f^™' ^ciTStals ^(^^^^^^

rows of cubical, octahedral,Jd te^^^^^
Crystal-

or dagger-shaped) grow out of
I^^^^^ fJ^.i"!' „ „^ of dilute solutions

line fS?ms of this kind ^^XZl^l ^^ is, of course,

of chloride of ammonium
(f^ J^^'^^^^^^^ ^,,,1 nicotine does not

rendered by the treatment impossible; ,
ai

si/p^eclpitate

of coniine is amorphous.
^•._+i,^e is rapidly fatal to aU

anLallife--from the lowest to the h^^^^^^
everybody; very

smoke is inimical to Fish of 30 grms.

minute quantities m water
^^11 of nicotine ; the

weight die in a few
^^""^'jJ'ZvlZnlt then shivering and

symptoms observed are rapid movement^
^^^^ ^^^^^^

%7aj paralysis, with
fX'<^fJ^emp^^^^^ ^v''

^ith frogs, if doses not
^^^^^^^^^^^ZLl, and a very peculiar

restlessness, then strong tetanic co^^^^^
^^^^^ ^ on

-nosition of the limbs ;
the respirai^iu ^-^^^

Ses but the heart beats ^^^^^J^'^J^j death. The

tetanic convulsions followed by paralysis
^ -

^^^e are not

'symptoms witnessed ^^^jZ:::ilZ^eot is similar to

eiseJitially dissimilar. ^ th lai e cios
^^^^^^^^,^,,„ coiivul-

that of prussic acid-viz., a cry, one or
.^^ trembling

sions, and death. K
^^ifZ^'^f^Ze^^V-^^^^^

condition of

of the limbs, excretion ^^^^^.^^^^^^ Animal falls on its side i

stupor, a staggering gait, and then the a
^^^^-ed

The respiration at l^^^^^^'f ' L also, with moderate

becomes deeper than natural
;

P"^^^^^^^ finally, agam

doses, is first slo^ved then rises
-/-^^^S^^^ the tetanus the

falls. Tetanic convulsions soon ui.v f,
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pupils have been noticed to be contracted, but afterwards dilatedtongue and mouth are livid, and the vessels of the ear dilated

tIrS,bhr TS'' f poisoning as witnessed in the cat,'the rabbit, and the dog is its peculiarly violent action, for afte^the administration of from one to two drops, the whde coursefrom the commencement of symptoms to the death may takeplace m five minutes.
The larger animals, such as the horse, are affected similarly tothe smaller cbmestic animals. A veterinary surgeon, Mr JohnHoward, of Woolwich,* has recorded a case inWh a horsesuffered from the most violent symptoms of nicotine-poisoniS^er an apphcation to his skin of a strong decoction o^f tobaccfThe symptoms were trembling, particularly at the posterior part

Stre'n^ties tf ^''l
fore a^f^S fl i i ^ ¥ f^Perfi^ial muscles were generally relaxed andfel flabby

;
and the pupils were widely dilated. There was akoviolent dyspncea, the respirations being quick and sliort nu Ise

w^e:m"^?o':l?hl""•^^'^^'^^' ^f*^
use of Srlr, iT^' 1 ^""'"^^^ appeared to have partly lost the

^^^^^^^

and tenesmus was present. He mssed m„nl. a +
^J^ritaoie,

intervals of three or fnnr- r,.,- + P^^^^f iiiuc^ flatus, and at

balk !t 1-
.,™"^''*^^'^™a^^ quantities offices in

Th reClt^ 'V^'
liqmd state, and coated with slimy r^ucus

wind" Ltrvfsibtl^' -bout the
colour, / ieat tendetr^r'''

^^^^^rane being of a dark-red

treatment with cold luci^^^ T^^P''
torse recov™ ^^'^ *° oP^n air, th^

hafb^rL;:™^^^^^ - ^o-es eat oats which

tine iTso^^rat'lTtTthr"^" \j
tl.e ^ure alkaloid nico-

record. The first of tL.P •
P'"'"''*' are on

toxicology beinrth/fi. ! ^^^^^able in the history of
^-en criSnallyied T le'cleW- ".^J? " P"^^ ^'"^^'^'^^ had
attention of tlfp Tlni . ?

detection of the poison exercised the
the poisonTnfof M Fouli T"n^^'^^- J course, to
For the unabridged nfrXe^
^^eonsultT.dieu?2^^-—

FeCe/-. Journal, vol. iii.
t ^«n«/e,, rc'«rm„i,.c^. Bruxelles, 1868.
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forcibly. It acted
^^^^^^l^^^^^f'/,^ l^iafal trLe oKhe nicotine

minutes. Bocarme now attempted to lud^^^^^
over the body

by ponring strong acetic acid into
^^^^/^^^^^^^^^^^ erime were

the stomacb of the victim.
noisonincr was tliat of a man

The second k^^own case of nicotine-poisonm

who took it for the purpose of ^-^"^^^-^^^he c^^^^^^^

^^^^^
Taylor. It occurred m } J^ltred wildly, fell to the

unknown quantity from ^
^y^t

floor, heaving a deep sigl
,

^^^^i^^'^J^^r^* ^^here an officer com-

The third case happened .^^Cherbour
^^^^^

mitted suicide by t^^mg nicotinej^ut liow mucli

lowed, and what were the symptoms, are equa y

no one saw him during life.
ti^en is rare. Tobacco-

Poisoning by nicotine,
l^^l^^l^^^^^^^^^^^^ experienced in

poisoning is very common, and has P^^^^^
-^,^^1 the habit.

I mild degree by every smoker m
^^^^^^ accident; but

Nearly all the fatal cases are to

f^^^^^^^^^
instance

criminal cases are not
^^^"^^^^^^^^^^^^^^^ nto whisky for the

in which tobacco m of attempting

purpose of robbery. In l^-^* a man av^
^ ^ ^ acquitted.

In Ootohev lS5b,\
^

dvm-iwe^
containing from

the purpose of suicide) his \ ^^^^ it some time m lus

about half an ounce to an o^^^?^^;
frightful tetanic con-

mouth, and in half an hour
^^^^^^^^^^^^^^h -^^'^

^^^"f
vulsions. There was also ^x^"^^^^^^ Ud towards the

widely; the hearts '^^tion became^ire u
,

^^^^

end the pupils again contracted He d^ec

seven hours after swallowing
^^^^^^^f^''°_i,o,,iu„ occurred in the

§ 299. In 1829 a curious ^stance of «^^^^|^ ^om severe

case of two girls, eighteen
y.^^J^^/^^glXiig some coffee. They

symptoms of tobacco-poisoning alter clunK „

* Ann. d'Hygiine, 1861. x , p. 404.

t Bdi7i. 3Ied. Joimi., 185&.
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recovered
;
and it was found that tobacco had been mixed withthe cofFee-berries, and both ground up together *

In imTf ^'""^ P^^y^^g ^i*!^ «ld pipes,

pipe, and blew soap bubbles with it. Symptoms of poisoningsoon showed themselves, and the child died in three days
^

_

iobacco-jmce, as expressed or distilled by the heat deVeloped

schetn reW T'^"'
-oking, is very^poisonous. SoZnschem relates the case of a drunken student, who was aiyen adram to drmk mto which his fellows had poured the Juice fromtheir pipes The result was fatal. Death from smok ng is no^unknown. J Helwig saw death follow in the case of two brothers,

*Barkhauseu, Fr. Ver. Zt.n., v., 17 n 8"^ IS^q
iPharm. Journ. [.3], 377, 1877 ^ '

symptoms proc iced are r^^^^^^^^^
P^^^^^*^ P°i««^°"«

formula (cfH,„_,N,.^^Vo?a^^^^^
130 made some very careful exT)primPTif<= L +i

2, cxlvi., p.
burnt both in pipes and aSo in Thfrn^^^^^ °!
the smoke fii-st throucrh notash fnr?' \i

adopted was to draw
The potash absorbecrwussS nitl T i

• * '^"•f''
sulphuric acid,

nic, butyr-ic, vSc and c 'rbol o '
n

s^ Phide formic, acetic, propio-
fixed, an'S these wTre foimd to consfsfof 'tl7p f ^'^^ ^^^^^ ^^^^
from pyridene (C.H.N) bo 1 i^oh^t 117° ? :^hole senes of pyiidene bases,
lutidiie (C.HsN) boO po4 154° , ^

'
P^?°l^°|, CgH.N), boil, point 133°

chief yield' wL py^Sene when ' in^r''^'' ^ ^^"'^^^ Pipes, th^
general, pipe-smo^Cwa 'foTiSrto produce' T^"^?' (CsHnNjrand in
bases. The action of these bases !

^. S^'^^ter number of volatile
servers. They aU have a sTecS ac^^^^^^^

^^^^ral ob-
mcrease in physiological acti^tv arthp •

show an
produce mer'elj excftement froS rrittion'^oV'^^

The lowest
centres, and the highest r,aralv^^ r.f .

encephalic nervous
gradual failm-e of the rJ^pSorv n?n

^^^ntres. Death proceeds from
drickandDewar, Jvoc Zr£7rv^^'?!o*'' ^^^^^^^ *° asplayxia.-(Ken-
the. pyridene series ar^ attetive T^^^

' ^^^"-'290). Th'e clerivatiVes of

X , ;
f'^^'iiyse Tue extremities A Bin-.nn,. i j.

-"-""gij cauiub me
exerted by the ethyl and aZl rtr-,-,?/-

energetic action is
Btrong poi'sons. MethyHc pyHdet c^.w"' f f"'-

^^^^^^ derivatives are
corresponding ammonitun sS Jves rfse to .1^^^^^ t^^^
Ramsay, Phu, Mag. , v 4 liu

symptoms resembling epilepsy.-
^ti^e has been elaboratelyInlesti^^^^

pyndene^exU /3.

of the heart's beat is slowed and the nhiblt^'
"' l^^ve stopped. The rate

they point out that it is anta^ink;;T 'l'"" f ^"'^ction. FinaC
-Ployed to arrest the^SfS^cil^SIX^SlScJ^—

S
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of age, who, after learmn, k.
serious symptoms, and

consecutive pipes He sutierea i^u j Gordon has also

did not completely recover for everal d^
^ ^.^^

recorded severe poisoning from the consecuti »

cigars.
.
The externa appl-^^^^^^^^^^^ ^\Clkects of thl

shown m the case of
^^^/''!''^^^;.P;°%he old instance, related

internal admimstration of ^7^^^^^, , ^^^^

by Hildebrand, of the ilhiess of a
next to their

attempted to smuggle tobacco by conc^^^^^^^^^ ^.^^^
skin, is well known, and is

f.^^^^^^^^^^^^^ ^any parts of

cases. The common ff^ice of the P^^^^^*^^^^^
^ ^/^ds, and

England, of applying tobacco to s^^^^^^^

^^^^^^
also as a sort of poultice to local ei ^ ,

taken by
dangers. The ^y-P^rrl . or uXo^^^^^ sSi, by the bowel,

absorption through the broken
V^f^^f^^ or the

by absorption through smoking, or by the e^P^«^
J cUfference,

co'nsumption of the
^-^^^f

^^^e ^ic"^^^^^^^^^ -
g-f*.^

save in the question of time, -t^^^e m«
entangled m

rapidity as prussic acid; ^^/l^,
^^^^"^^^^^^^^ absorbed ; besides

tobacco, it takes more
t^'^f, condition, is a strong

which, nicotine, taken m the ^oncentmted co
,

^^^^^ ^^^^

enough base to have slight
^^^X^,,,^^^^^^

local evidences of its presence^ JS^th made auto-experiments,

of pure nicotine Dworzak
Sf^^/^Xdore produced Unpleasant

beginning with 1 mgrm. This small ^lose P pecuhar

sensations in the mouth and
.^^^^f ^^^^^^^^^^^^^^^^ to the fingers

feeling sprea^ng from
^^^^^^^^^^^L^^^^^^

and toes. With 2 "^S™^'-
-J^; Irnor duhiess of hearmg,

numbness, disturbances of visio^ torpoi c

^
and quickened respirations. With J to * » .^^^^^^ ^

forty minutes there was a gr at feelmg
f

*a
J^.^.^^^

pression, weakness, with palM^^^^^

^'it
ness, and purging. One expmm

^^^^ ^^..^^ ^^^^^H

extremities and cramps of muscles
^ .veakness, famt-

breathing. The
^^-^^nTteepi H^^^^^ -^^nt the arms,

ing, fits of shivering, and creepm l^^t re-

in two or three hours the ^e^erei enect^ P therefore

covery was not complete for
^J/^^^^^^^^^^^

that ex-

evident, from these experiments and
^^^^i, eraiups,

cessive muscular Prostration di&cul^^^^^^^^ ^,th

diarrhoea, and vomiting, with luegulai pu

Edin. Med. and Surg. Joimu, xii., 1S16.
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tobacco and nicotine poisoning. The rapidly-fatal result of pure
nicotine has been already mentioned ; but with tobacco-poisonino-
the case may terminate lethally in eighteen minutes. This ii^
terval is usually short, and with children it is commonly about
an hour and a half, although, in the case previously mentioned
death did not take place for two days.

'

§ 300. Physiological Action.—mcotine is absorbed into the
blood and excreted unchanged, in part by the kidneys and in
part by the saliva {Dragendorff). According to the researches of
Kosenthal and Krocker,* nicotine acts energetically on the brain
at hrst exciting it, and then lessening its activity : the spinalmarrow is similarly affected. The convulsions appear to have a
cerebral origm

; paralysis of the peripheral nerves follows later
than that of the nerve centres, whilst muscular irritabiUty is
unaliected. The convulsions are not influenced by artificial respira-
tion, and are therefore to be considered as due to the direct
influence of the alkaloid on the nervous system, l^icotine has astriking mfluence on the respiration, first quickening, then slow-
ing, and lastly arresting the respiratory movements : section ofthe vagus IS without influence on this action. The cause ofdeath IS evidently due to the rapid benumbing and paralvsSof the respiratory centre. Death never follows from hSparalysis, a though nicotine powerfully influences the hearSaction, small doses exciting the terminations of the vagus in theheart, and causing a slowing of the beats. Large doses paralvseboth the controlling and exciting nerve-centres o? the%Stthe heart then beats fast, irregularly, and weakly The blood

thTblooT "rr^-^' --d' - a consenu nee"the blood-i3ressure hrst rises, then falls. Nicotine ba^ Tlrfo •
i'

excitation of the intestinal nerves and the j^ano-n^
penpneral

S ?oI
1'^''''^'™"' symptoms in an adult. ^ ''^"^^'^

i oyjz. l ost-mortevi Apjnarances.—There seem to bf. -n^

^-''^— or tXTo

B«l£l868^^^
^^'^"'^^ '''' ^'^'^^^'-^ den Tkierischen Organiemus

Beurage zur Pkysiologie dcr Darmbcwcgung. Leipsic, 1866.
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A more or less fluid condition of the blood and, generally,

thrsi^s of death by the lungs, are those most frequently found.

^-''-i'^Sne °ZSr£Ly"£i i:rt the tongue
periods. I^icotme snouiu

1^ ,i „ ^ell as in the usual

a.d '--"^^'^'y^^Z^t^lIl.i if the pe.son

I^^oL t?'L;":Lf( *ouM ha.e been a s.o « , fo.Jhe

defence woukl naturally be that
'•?f'«.™.^f£,^t^^^^ a quid of

smoking or chewing, or even ^^^'U^^S^^'/'.t^iTar to Mcotine

r^-~w 4r„rrr»rWolXlr:plSalso an amaloid

<:t""^SniereX.lhecorpseofa^^^^^^^

perate habits ; but this base was not
^„ ^li

Crystals when -—etu dwl, ?o sfpport the chemical

tion .of lodme. it will pe weu j Wpnselv poisonous

evidence by tests on a-mal Me, since the -densely,
p^^^ ^^^

action of nicotine seems not to be sliarea oy

ptomaines.

3. PITURIE.t

§30.. Piturie (C„HsN) is ^^^^^^^tfS^^
the Buboisia hopwoodn,

.^^^^^jf
"/A^^

from some other plant, and cl^^^ X^V' s^^^^^ acid, concentrating

the plant with foiling water acuMed
^^^^^^^^^^ ^^^^^

theUcinidby evaporation and then a^^^^^^^^^^^
^^.^^

soda, and receiving the ^^'^t'
^^'^*^. ^^^^Xm^^ shaken up with ether, which

the hydrochlorate i« afterwards alkalised^
piturie is evai^jr-

^
r.. M, 1 •

1 frnn. Piturie
" by Prof. Leversidge. Chcm. 2s'ews,

f See
" The Alkaloid irom 1 mil ic,

March 18 and 25, 1881.
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by distillation iii hydrogen, or by clicanging it into its salts, and again
recovering, &c. It is clear and colourless when pure and fresh but
becomes yellow or brown when exposed to aii- and light. It boils and
cbstils at 243° to 244°. It is soluble in all proportions in alcohol, water,
and ether

;
its taste is acrid and pungent ; it is volatile at ordinary tem-

peratures, causmg white fumes with hydrochloric acid ; it is very irritatine
to the mucous membranes, having a smell like nicotine at first, and theiT
when It becomes bro^v-ner, like pyricUne. It forms salts with acids, but the
acetate sulphate, and hydrochlorate are varnish-like films having no trace
of crystalhsation

: the oxalate is a crystalline salt. Piturie gives precipi-
tates Avith mercuric chloride, cupric sulphate, gold chloride, mercur-potassic
iodide, tannin and an alcohoHc solution of iodine. If an ethereal solution of
lochne IS added to an ethereal solution of piturie, a precipitate of yellowish-

!nPlW TAo''''^ 7 f°l"'^'f. ^ ^I'^ohol, is deposited. The iodine compound
melts at 1 10 ,

while the iodine compound of nicotine melts at 100°. Pitui'ie
IS distmguished from coniine by its aqueous solution not becoming turbid
e ther on heatmg or on the addition of chlorine water; it differs from
p cokne m specific gi-avity, picoline being -9613 specific gravity at 0° and

fc*; Tl r ^ r*"'' '
^^^^"^^ f™'^ ^"^^^^ ^y not being Lloured by

Se bJ? i™'- J T''^^' " ^^^^^^1 distinguishing marks, one

InX 1 T.u^'''* '^olo^ warming with hwlro-cWoric acid and the addition to the mixture afterwards of a little S ic

Sine It^ro°f
""^^ '''"^^ *° 1^**1^ ^lifl'-^i^^^* tli^t ofnicotme. It is, of course, poisonous, but as yet has no forensic importance

4. SPARTEINE.

SpItLi SoiwLf'Sr''* ^^P-'^V''*"'^ ^ poisonous volatile alkaloid from
SaTtere AtZ '

to which he gave the name of

was dTcove^ed
" non-poisonous substance, scopari^

hofd'i^gtte?XSn Imlt-: '^^1
'""'r''"'^

-^Ipl^-ic acid

thefo4ul-i(r R
tben alkal sing the acid solution and distilling: it has

clear tWt I P > '''''^ ^'^^^^^S' *° of tertiary diamines It s a

and heatinrto lOO^Yor an Zr.^.? ^
tube with ethyl iodide and alcohol

needle-like crvstals wbirn '
sparteine iodide separates in long

JWect on Ilhn^' a
'

f
insoluble in cold alcohol.

^'

^Dd ; comatosrcondiS whii
numbness leading into stupor

tetanic couvulsTons ' '
""^ ^diroff described

* Phil. Trans.,. ISol.
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III. THE OPIUM GROUP OF ALKALOIDS.

S 306 Opium coixtams a larger number of basic substances

tbL'any pU known. Tlj 1^ -ebes a V^^^^
^^^^

StrX coiTit/ents which have been found xn opium

Codeine, CigHziNOg.
Tliebaine, C19A21NO3.

Papaverine, C21H21NO4. „ ,

deliydration of Morphine and Codeine

respectively.

I

Meconidine, C2ixi23-'^*-'i-

' Meconia, CloHio04-
Meconic Acid, C7H407-

Thebolactic Acid.

Fat.
Kesiii.

Caoiitcliouc.
. -Kic „c

Gummy Matters-Vegetable Mucus.

Ash, containing the usual consti-

tuents.

Morphine, C17H19NO3.

Narcotine, C22H23^^07'

Narceine, C23H29^JP9- ^
Apomorphine, C17H17NU2 I

Apocodeine, C18H19NO2 \

Pseudomorphine, CnHigJN'Ji-

Codamine, G^oS-zB^^i-

Ladanine, C20H25NO4.
Ladanosine, C2iH27^^U4.

Protapine, C2pIIi9Nt)5-

Cryptopine, C21H23NU5.

Lanthopine, C23H25JNU4.

Hydrocotarniae, Ci2tii3-'^'-'3-

Opianine, C21H21NO7.

Cnoscopine, C34H3fiJN2'Jii-

Hhoeadine, C2oH2i^07.

The various opiums ^^^^Zntl^^^^X
oentages of alkaloids so that

^^^df ^ foUowmg state

ZZ 17t"°eve?i.?reprd ^fSf— '"^

differences :

—

Morphine,
Narcotine,

Other Alkaloids,

Meconin,
Meconic Acid, •

. ,

Peculiar Resin and Caoutchouc,

Gum and Soluble nUoid Acid Matters,

Insoluble Matters and Mucus,

Ash, . • •
•

Water

Per cent.

G to 15

-i to 8
.-) to 2

Under 1

;? to 8

.5 to 10

1 to 4

40 to 50

IS to 20

4 to 8

8 to 30

The general results of the analysis of 12 samples of Turke
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opium, purchased by Mr. Bott,* from leading druggists in
London, Dublin, and Edinburgh, are as follows :

—

Water.—Highest, 31-2
; lowest, 18-4; mean, 22-4 percent.

Insoluble Besidue.—Highest, 47-9
;
lowest, 25-45

; mean, 32-48
per cent.

Aqueous Extract.—Highest, 66-15; lowest, 20-90; mean
45-90 per cent.

Crude Morphine (containing about of pure morphine)
Highest, 12-30; lowest, 6-76; mean, 9-92 per cent., which equals
12-3 per cent, of the dried drug.
Persian Opium, examined in the same way, varied in crude

morphine from 2-1 to 8-5 per cent.
;
Malwa, from 5-88 to 7-30

In 18 samples of different kinds of opium, the mean percentage
of crude morphine was 8-88 per cent. [11 per cent, of the dried
opiumj. According to Guibourt, Smyrna opium, dried at 100°,
yields 11-7 to 21-46 per cent., the mean being 12 to 14 per cent.

;

-Egyptian, from 5-8 to 12 per cent.
; Persian, 11-37 per cent. In

-tiast Indian Patna opium, for medical use, he found 7-72 • in asample used for smoking, 5-27 per cent. ; in Algerian opium, 12-1
per cent.

; m French opium, 14-8 to 22-9 per cent
§ 307. Acho7i of Solvents on Opium.—The action of various

solvents on opium has been more especially studied by several
scientists who are engaged in the extraction of the alkaloids.

f^
^^^^^''''^^ everything except resin, caoutchouc,

seemT ^ ^'t' f''^ T^'P^^^" ^^^^^^^^ i^««l^ble
;
but it

The solS:*;/'
combined with meconic and acetic acids,ine solubility of free narcotme m water is extremely small

and tW V •

"'"^^ caoutchouc, and all the alkaloidsand their combinations, with meconic acid, &c

stafrSl i^'f"\ f f if ^^^y in a freestate and it also takes up a little of the resin

rest a'r;/rri- T.f ^'^'^f'"
'^^^^^^^^^ ^« dissolve the

otW free alkl ^ °^orphine, if free
; but they dissolve theotner free alkaloids as well as caoutchouc.

-4cic?s dissolve all the alkaloids and the resin.

<vZT 1^ excess, dissolve in part resin • thev also

U:^:77^'r^'T^^' ^-rcotine remains insoluWe. ^
'

^ -^--^ narcotme

^oirrZlt^'irZ'' 'Tr «^--Pj-- -rceine and
does it diS'the resS " ^'^^^^

deslribed'^''^
^^«-Tl^« following processes may be

Tear Book of Pharmacy, 187G.
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(1.) From^^ i/.i/.o.7.-Prollius* has published a simple process

of opium assay. The opium^^^^^^^^^^^^
extract evaporated and the residue

^^^^ ^^^^^^^.^ ^^^^^.^^
per cent.,

^^^^f̂ f/^^^J^^^J^ 100 measures of the

Skaloicb Je dissolved by J^w" ^^^^^^
r-rvstals may now be collected, and eituer weigui^u. u

wfth decLrmal acid; 1 cc. of decinonnal acid equals 0_8a

ether with 120 grms. of
^.I'^^l^^i.yo^^^^J,'^^^^^^^^ The flask

and 1-5 srms. of ammonia of "bbU specinc gictvi ^ ,

Sthen died, shaken, and ^ tltc lC^^^^^^^^^^^^^

paper till free from mother liquor,
J \t su4t t^^^^^^^^ of

Le results being too lo-, on accoi^nt of the s^^^^^^
^/^^

morphine in ether-alcohol, 088
S^^'J^f- ^\^'°^£olutely correct,

added, and then the results
^l^'^^lf^^^^^^^^^^

The weight may be checked by
although

(3.) Hager's Method has the merit of be ng ^P/^^^'
^^.^i,,^ed

thl result^ are not perfectly accurate. 5 S;^- f^^J^^PJ ,l,ked

opium are thoroughly mi.xed in a mortal ^v ith pie^ iou j

lime, and then heated m a Aask oi an l^^^^^^^^^^
.^-,^,,,,,n

distilled water at a boiling tempe atu^^^^^
^^^^^

on a small filter, and washed with hot ^, ate unt
^^^^^

weighs 80 grms. This filtrate is concentiated n the
^^^^^

to 50 grms: and placed m a conical glass 1 o gnus, o
^^^^

6 dro?s of good benzene are then added, wiuci

* PItarm. Central-Halle, 187S, 20.

t Arch. Pharm. (3.), xv., p. 310.
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separation of morphine, and hinder the adhesions of crystals to
the sides of the glass. The liquid is well stirred, and 3-5 ^rms
ot chloride of ammonium are added. After three hours the
morphine is thus precipitated, separated by filtration, and weighed
I he precipitate may be purified by washing with ether • some
morphine always remains in solution, but it may, as Dragendorfi"
suggests, be recovered by shaking the alkaline solution withamyl alcohol.*

_§
309. Medicinal and other Preioarations of Opium —The chief

mixtures, pills, and other forms, officinal and non-officinal, inwhich opium may be met with, are as follows :—
* Other methods of opium assay have been published • see Mr A P.Prescotfs method (Proceedinrjs of Amer. Pharm. Assoc 1878?- Allen

of drv'^fiV^''^ "^^^^^ added-(l.) SchacMs Method.~mye to 10 grmsof dry finely-powdered opium are digested with sufficient di.Hli;^ wo?
'

weighed; m good opium this should not exceed 40 per cent Til filwIS evaporated until it is about one-fifth of the wei<.ht of

morphine its weight Ts fsuallv iTfl T '^°"t^i'^i»g 10 per cent, of
then detached the fi leXei^

Portion of the precipitate is

afterwards with Tiling a coh'oTmf1 i^ fi

^'^'^".^^^ first with ether, and
from narcotine, and containSS a b-Jf^f

° ^^^^^ ^"^^^ P-^rified
be dried and weigSl and th^Lon^^^^^^

°"ly' may now
from the data obtained

°^ morphine calculated, on the whole,

^d^owS oS"aLV'*"'^*r> ^^^''^ ^^"^ follows :-2 grms
-alate^of ^nTb-ught^nT^^^^^^ ''''''^ r^.\S cc. of aqueous
To the filtrate an ec uT3ume of SO

washed with 5 cc. of water.
'IkaUne reaction is added .n^ t l^^r cent, alcohol and ammonia to
lask, it is Sred and tTe'r l^

¥*«^«ta°ding twenty-four hours in a closed
The fi£ wi?r i s contentTlT e°^^^

^0 per cent, alco
^hich should not be cleanse?n . f;.^ f ^^f"^ '\ l^'^^'l 1" flask
Aled. with an excess roxabc acll sobron nn°''°"°

^"l^^"'^ ^rt
'eing made up to 100 ce Th;« f»

o^ k^own strength, the whole
-'d titrated Ck with dihTted sod^rvf "1 °t 7° P^^' ^'^'^'^^^ of
he strength of 4-42 ^ms to fL rl f'^''^'^'^

''"^^ solution is of
'Ij'ohhaf become bS up wfth morX7e 'eo^' T""' «°l"tio"
wi'phine. P w'"^ morplune, corresponds to 0 02 grm. of

I
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(1.) Officinal.

Co.^pouncl Tincture of Camphor, P. B.*-Opium, camphor,

benzoic acid, oil of anise, and proof spirit.

Opium, .

Benzoic Acid,

Camphor,

3 J. i

41 by weiglit in 100 by measure.

41

31

One grain of opium is contained in half an ounce of the tincture.

Ammoniated Tincture ofOfun^.^^^ron^l^-f^^l^^^^^^^

rectified spirit, opium, oil of anise, saffron, and benzoic acid.

Opium, . 1 -04 parts by weight in 100 by measure.

Benzoic Acid, 1-87 y "\y,\vn'i

"

One grain of opium m every 96 minims.

The Compound Powder of Kino, P. B.

Opium,
Cinnamon,
Kino,

5 per cent.

20
75

10-00 per cent.

13-33

33-33

40-00

3-33

75-0 per cent.

12-5

12-5
5>

The Compound Powder of Opium, P. B

Opium,
Black Pepper,

Ginger,

Caraway Fruit,

Tragacanth, .

Pill of Lead and Opium, P. B.

Acetate of Lead, .

Opium,
Confection of Roses, .

recently been investigated by ^^^^ /^^^^^^^^^^^ ehcmists. The

samples purchased from London and pro^ incia^
^^^^^^ ^^^^

highest percentage of extract was o Ul, tne

^ The connnoB appellation of this tincture is FarcooHc or Paregonc

^^*^^Fear Book of Pharmacy, 18S2.
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mean being 4-24 ; the highest percentage of morphine was -70
per cent., the lowest -32, the mean being -51 per cent. It is
therefore, clear that laudanum is a liquid of very uncertain
strength.

Aromatic Powder of Chalk and Opium.—Q-pium 2-5 per cent.,
the rest of the constituents being cinnamon, nutmeg, saffron,'
cloves, cardamoms, and sugar.

Comjyound Poioder of Ipecacuanha (Dover's Powder).

?Pi^i"' 10 per cent.
Ipecacuanha, . . . . \q
Sulphate of Potash, ... 80

Confection of Opium {Confectio 02ni) is composed of syrup and
compound powder of opium; according to its formula, it contains

per cent, of opium by weight.
Extract of Qpiicm contains the solid constituents capable of

extraction by water; its strength is about the same as opium

Li^id Extract of Opium has been also recently examined byMr Woodland
:
* ten samples yielded as a mean 3-95 per cent.

w3 ?09 't?' ^^^^g 4-92 per cent, the

TJ \i C u X
"'"''''^ percentage of morphine was" -28 percent, the highest amount being -37, and the lowest -19 per cent

aad soTr r •? '"°^P°'^^^ ^l^^l P^^'*« «f laudanumaad soap Imiment; it contains about 3-7 per cent dry opium.The Compound Soap-pill is made of soap and opium, one partof opium m every five of the mass-i.e., 20 per cent
^

^on of ipecacuanha; each lozenge contains JL, grain (1-8 mo-rms ^

fe'^r^'^r^^^^ - ('5-4 mgriiL)%ecaLnha^.™"^

vuZ ^t ^"fP'f are made with hydrochlorate of mor-
sun^^;-.

^^^i*^ and oil of theobroma • Teh
XltTr"*""^ ^ (^2-4 mgrms.) of morphine Talt.

contaii'TnAr/if
liquorice, and water. Each lozengem OiZtlTVJ ;;Sram (6-4 mgrms.) of extract of opium.^

m i?5partTof ,f ^"^^ '''''^ contains one part of opium
Opiu^ Will P T*-^^^--' 6-9 per cent

cloves. AW\ ^
i^;—Sherry, opium extract, cinnamon, and

-asure ^2taits^fthroTncT^'
'''''

0/ Morphine, both of the acetate and hydrochlorate.

Op. cit.
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P. B., are made with a little free acid,

The strength of each is half a gram in
^^^^^^^^

^

Q.^iQN nr -Ql nart bv weight m lUU by measure.

!;trT;Spop;;Si '°As such, it is said to contain one gra,n

of extract of opium to the ounce.

(2 ) Patent and other Non-Officinal Preparations

OF Opium.

Godfrey's Conliali. made on ^^'IS^::^^
nUe in strength and composition.

J^^^f^^'i^'r r^^^ituents

:

grains of opium in each fluid
^^^^^^^/^^^-f^^'^^ flavour-

sassafras, molasses or treacle,
^^^^^^f^^^^f : aniseed

in- ingredients, especially ginger, cloves, and corianc ,

.nd caraways m^ a^^^^^^^^
of hydrochlorate of

Jr^h-; ^piSrrftij^^^^^^^ to^r ^^^^^
'

"^^"^^

1 grain of the hydrochlorate in every « ^/^^f^ ^ .
i,,, dissolved

%maurier's Odontalgic Essence is

.f/X^^^
in cherry-laurel water ;

strength, 1 g^am to the

lYepenthe is a preparation very similai to i^t^. Ojm

is of about the same strength as laudanum ,

^^^sti-ong's

Black Drop (known also by various
^^^^^^^'^^n of the consti-

Black Drop) is essentially -^-^^^^^^j'^Xe of four times

tuentsof opium It IS
^^^^^^^^^^^^ for it is:

the strength of laudanum.
^.

^^^^^^^^^^^^^^^^ for

Laudanum, 1 ounce, and
^^f^.^l^^^^Ti^Xnosed by the Quaker

a fortnight. The origma formuk
I^^^^O^iumf sliced, h lb.

doctor of Durham, Edward Tunstall, |S
^ .^^^ to

good verjuice,t 3 pints ;
a- - - §,

^^^-J^^^f^i^ of yeast are

^IttUy -anted ana

* If „.ade according to Dr. «

laudanum. (Taylor.)

X Verjuice is the juice of tlic wild ciab.
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filtered, a little sugar is added, and tJae liquid made up to

l.ucuZt ^^"P'^^^'^ °f -1 «f—-7 and

Daily's Carminative—
Carbonate of Magnesia,
Tincture of Castor, and Compound

iincture of Oardamons, of each
i-iaudanum,

.

Oil of Aniseed, .

Oil of Nutmeg,
Oil of Peppermint,
Peppermint Water,

40 grains.

15 drops.

5 „
3 „
2 „
1 „
2 fl. ounces.

CMorodyne-^roy^v^^ cUorodyne is composed of-
nKi^^^j?Chloroform,

.

Chloric Ether,
Tincture of Capsicum, .

Hydrochlorate of Morphine,'
Scheele's Prussic Acid,
Tincture of Indian Hemp
Treacle,

• • .

Atkinson's Infant Preserver—

Carbonate of Magnesia,
White Sugar,
Oil of Aniseed,

.

Spirit of Sal-volatile.
Laudanum,

.

Syrup of Saffron,
.'

Caraway Water, to make up,'

Jioerhave's Odontalgic Essence—

Opium,
Oil of Cloves]
Powdered Camphor,
Rectified Spirit, .

•.

6 drachms.

1 „
1
2 5>

8 grains.

12 drops.

1 drachm.
1

6 di'achms.

2 ounces.
20 drops.

2:J- drachms.
1"

„
1 ounce.

1 pint.

J drachm.
2 „
5 „
\\ fl. ounce.

I
18
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i„g , 2 only out of *e ^tSflsTp™'o^^jf fe^
in both tbo victims were intimts, » F

oaaes and 30-6 of the males
„f th, and ages of

js^;pS:eXi«*«>^^^^^

-U.o-.f= of0?^?.
THE FIVE YEARS, 1876-80.

Laudanum and

Syrup of Poppies,

Morpbia,

Chlorodyne, .

Matthews' Cordial,

Godfrey's Cordial,

Soothing Syrups,

Infant Preserva-

tives, &c.

Other Opiates,

Total,

The total oases of death from ^l^polsons in ^^/j^pSi^
England were 1681, so ^'^yr^Xl deatlJ fro"

rftoi^r %SlsKia:"p-nC
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other European country. In Prance, opium or morphine poisonmg accounts for about 1 percent, of tL whole
; aS Denmark

nZtS ^Zlnt'^'i ""T^"^' ^^V"^^^
^^'-y -^11 proportionalnumbers

,
arsenic, phosphorus, and the acids taking the placeof opiates The more considerable mortality arise!, n Jreatmeasure from the pernicious practice-both of the hardworkmg English mother and of the baby fkrmer-of glvinrfnlnte

tnjants frie7ids," tnjants' preservatives;' '^nurse's drni."and the like, to allay restlessnp^^ nnrl +^ i

"''^^^e s arops,

greater mrt of thpl^ f T ^^^P ^^^^ ^M.ving the

the dose deSet with trS^^^^^^^^

have occurred_Cd Ss it^^^^^
unfortunate accident,

ments, should be impossible '
P™^'" ^^^P^^^^^S arrange-

ohfldrenby~l,le^^^^^^^ drugging of
times merely^for the Take of T^.

^"'^'""^ ^^f^'

infant^is elpeciaUy% fe^^'lndL 1^^^^^

«^

applied to the roof of the mm,fT. i
® ^°^"1 °Pi^^^ is

some Indian mothers havTbeek LTJ^'f^with opium, so that the lh.-ir 1, ^ *° P^^'*«^ *lie nipples
Peans, agaii and a^^T. 1.

'"^^^^^ ^^^^ "^iik- E^ro-
administering opktes^ to 'the'^'f^T'"'?^ ^^^-^ -^rses
feared that in^ iy^r^ dtcSonS a^^L?'^^^
of yJuTeSr\:"tfus?S^^^^

has frequently caused the death
on the body of a ittle hT- ? ^^^^^ Chelsea
been sufferina frn^

^^"^ ^^^^^ a half old. He had
howels,\nr^opp:"eatrb?;r"^^^^^ -^"^^ enlargement of he
to him. Tw? nonnv L f ^ ^ ^''^'^^ ^ neighbour o-iven
^'^d the boy ale?TS.r'' T""

'""^^^^-^ ^ ^^-^ of tea!
sleep, and d ed with aS t?f ^"'f P'''*'"^' «^ f^^i i^^^ a deep
.
§312. Do ls oflS^^^^J^f^'f^^

^

^« prescribed io{XZiTL^^^^~?'^''''^ the solicl state
"«"al dose being from 6 sr^ms S 64 s'J?'''^"^i'w m^rms. to b4 8 mgrms. {\ to 1 grain).

• See Dr. Chever's "Jurisprudence," 3rd Ed., 232 se,.
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. • pvnotlv the same proportions

The extract of opium . gn.en ^X^U use of V--'.t
(special oif^^f the compounds of opium is mamly

ceptecl); the dose of
j'J^'f

• contained in them

regulated by the F^P^^^^^XC opium ill) is visually very

'The dose for
^^^^^^^^iSum^^^^

^^^^^^'^

stud opi- x'^^-fresrcii:

. The dose for large cattle is
. . dogs it is greatly

^^lS"t.-Cases ^

tremely small doses of opium-e^5^^^^ ^^^^ e^ot help

and / of a gram ;
but m s^cli

^^^^^ ^
^nsTDecting some mistake, it .^^C fatal to infants, and that

S a^ ve^y small ^^^^^^^Sole je^^^^^^
3 mgrms. given to a child under o y

serious symptoms. known to have proved latai

ntXong" -V="*:o"luSs -d excessive pain .«

St. Tetanus, f!;?°^7^;:S„u^ system to opmm
^

*-,r3^r:«^**t^^^^^^
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reasonable doubt, be proved, if meconic acid (as well as either
morphine, narcotine, thebaine, or other opium alkaloid) has been
detected. Pills containing either solid opium or the tincture,
usually betray the presence of the drug by the odour, and in
such a case there can be no possible difficulty in isolating mor-
phine and meconic acid, with probably one or two other alkaloids.
The method of extraction from organic fluids is the same as
before described, but it may, of course, be modified for any
special purpose. If opium, or a preparation of opium, be sub-
mitted to Dragendorffs process (see p. 224), the following is a
sketch of the chief points to be noticed.

If the solution is acid—
(1.) Benzene mainly extracts meconin, which dissolves in sul-

phuric acid very gradually (in twenty-four to forty-eight hours),
with a green colour passing into red. Meconin has no alka-
loiclal reaction.

i^-^/myl alcohol dissolves small quantities of meconic acid,
identified by striking a blood-red colour with ferric chloriden now the amyl alcohol is removed with the aid of petroleum
ether, and the fluid made alkaline by ammonia—

(1.) Benzene extracts narcotine, codeine, and thebaine. On eva-
poration of the benzene the alkaloidal residue may be dissolvedm water, acidified with sulphuric acid, and after filtration, onadding ammonia tn excess, thebaine and narcotine are precipitated

TJTH f The dried precipitate, if it con-

rateJ .'uSr' iY^-'''^
^^'"^ concen-trated sulphuric acid, while narcotine is shown by a violet colour

SSlfaolTtl'^ ^""r
^"^^^^^^^ disLlvedt dTlute

a™^^^^
^""'^

f^*^^ The codeine in theammoniacal solution can be recovered by shaking up with ben-

5vel whe^m' >T
-^^^^ '"^^ substancegives when treated with a little sugar and sulphuric acid.

poiation of l?""f^^ ^l^i^i^' on eva-

EactL ancfbv
"^^^ t '^''''^'''^ ^y its general

beaSS?! \i T ' Frohde's reagent becoming a

iclentifillfvtf
^'"^ ^^^^^^^^ "^olutioi^ morphine,

PrecS^ -I
characters, by its forming a crystalline

S'aXte'itXr^ '-''^ reactfon wl^h'

perfect sL sicU nrilT^ /
"'""^^

^ * less

needles. When h?aS^t sometimes m that of white silkywnen heated m the subliming cell (described at p 242)
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faint nebul., resolved by Ingh -i^—
^^^^^^^^

dots, appear on the upper disc
f J^O .

As tne^ V

raised the spots become coarser,
^^/^ f \f , ^^^^^^^ ihich tem-

be obtained, the best
^^^^^f.

^^^^^^^^ ^.eit and carbonise,

perature morphine begms distxn^^^^^^^^^^ ^

At temperatures below 188 ,

]^^^^^^ ^'J^ foliated patterns,

mate may consist of white
^/.^^^^^^^p'P^^l^'^^^^^^^ is soluble at a

One Part^f HioiThine, accord^^^^^^^^^
^^.^ .^^

temperature of 3 m 33,333 parts oi ^
^ ^luble m

parts ; at 42°, 4,280 ;
and

fVi'bol according to Pettenkofer,

ether or benzene. Absolute ^^^^V ^^^^^^^^^^^ boiling, one-

dissolves in the
,,fa dis 0 ves one-fourth per

thirtieth. Amyl alcohol,
^J^^^'^'^'^l,^^^^ out of an aqueous

cent., and still more if the
^l^^f of amyl alcohol; for

acid solution by ammonia
P^J^^^^^'l^^s no time to become

under such circumstances ^h*^.
of morphine re-

crystalline. According to ^^P^^^^^ Pettenkofer,

quires 60 of chloroform for solution, accorclm,

^'Lrphine is easily soUible
^^^^f

^^^^^^^^^

tions of the caustic alkahes and
ff^^ Jf^^^e ^^.a^ll quan^^^^^^

alkalies and chloride of ammonium also d^^^^^^^^^^

The acidwatery and the a^^^^^^^^^^^ l.yd?ochloric

polarisation to the left ,
tor ^^^P^^^^ ^ polarisation is less,

marms. of anhydrous morphine.
_ crystaUine,

315 The salts of morphine are for the most pa
| ^^j,

anrare all bitter,^
^^i' ^l.^be^

in amylic alcohol, ether, ^l^^^^f,^^;,^,'^^^ the morphme

Morphine Meconate is one ofthe moscso
^^^.^

salts;\t is V^/tu \i^err it ?stt form in which the

suitable for subcutaneous injection ,

alkaloid exists m opium. NoWCl) crystallises in siUJ

Morphine Hydrochlorate {C,,ti,^^^i J . " ^^^le lu cold,

fibres fit is readily soluble -
t^'^ Zphine hydr

alcohol ; it is in part decomposed by bouu „ h

some of the acetic acid escapmg.
^^^^^ ^^l^s^ and it

Morphine Tartrates.^These aie icaaii>
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important to note that the morphine might escape detection, if
the_ expert trusted alone to the usual test of an alkaloidal salt
giving a precipitate when the solution is alkalised by the fixed
or volatile alkalies; for the tartrates of morphine do not o-ive
this reaction, nor do they give any precipitate with calcic chloride.
By adding a solution of potassium acetate in spirit, and also
alcohol and a little acetic acid to the concentrated solution, the
tartrate is decomposed, and acid tartrate of potassium is pre-
cipitated in the insoluble form ; the morphine in the form of
acetate remains in solution, and then gives the usual reactions.

The solubility of morphine salts in water and alcohol has been
recently investigated by Mr. J. U. Lloyd. His results are as
lollows :

—

Morphine Acetate.

11-70 parts of water by weight at 15-0° dissolve 1 part of
morphine acetate.

61-5 parts of water by weight at 100° dissolve 1 part of
morphine acetate.

€8-30 parts of alcohol by weight (-820 specific gravity) at 15-0°
dissolve 1 part of morphine acetate.

13-30 parts of alcohol by weight (-820 specific gravity) at 100°
dissolve 1 part of morphine acetate.

Morjoliine Hydrochlorate.

23-40 parts of water dissolve at 15= 1 morphine hydrochlorate.

chlorate
1^°°

1 morphine hydro-

«2-70 parts of alcohol (-820 specific gravity) dissolve at 15'
morphine hydrochlorate.

30-80 parts of alcohol (.820 specific gravity) dissolve at 100° 1morphine hydrochlorate.

Morphine Sidphate.

21-60 parts of water at 15- dissolve 1 morphine sulphate

701 5
P,"^*^ °f-/*«f lOO; dissolves 1 morphine sulphate.

^sul'phate
''''^ ^'"'^^ ^""''''^ 1 morphine

''sul^hfte.''''''''
^-'"'^ ^^^^^^^^ 1 -°rphine

'hief/iv ''l^^^'f^''
^lorphine and its Compounds.~T\xQve are two

- Ob L'? b: r^'^^^ Tl^ '^^^^ ^^-rrertioTi
;hefl11roi^-i • ^ reasonable doubt of the DrpqpiiPPalkaloid. Objections, more or less valid, may be mad^eTeTther

1
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idently asserted that
\™^^^^^^^^^^

and codeine also give a
^^y'^f'^Tintrt Hydriodide of

reagent, but the crystals ^ Vy,^^^^^^^^ free or

^\ir:ryn3;f^^^^^^^^

^^^^^^ to he .norphine

,^ t:^ salt

drops of hydrochloric acid,
^^^'^V^^'J 'XltSr as possihle-

The salt thus obtained is dissolved m ^« f^^^^^^^^ are

this, as in toxicological researches only s^^a^^

recovered, will probably be a few
^^^^^ starch-paste,

solution is now mixed with a
^^^f^^^^^^ porcelain dish,

and evaporated to dryness at
^ g^^f^i'^r;^ iodic acid in 15

carbon disulphide. ^^^P^^^^W P^^^^^
substances,

floats to the top distinct y '^^lo^^';
P'^'^-i^ and it has, there-

however, also set free lodxne from ^^^ic acK^^
these by the ,

fore, been proposed to
<i^^*^^f^^^J^^"^^^^^^^^ to the solution,

either discharged or much weakened.
-..terestin^ reactions

Other i2--^---7T1^7,^^^^^^

besides the two
^^/^tf

" .
zinc bfadded to a little sohd

saturated solution of
'^^^^"^l^ ^[ZI^Im^

morphine, and heated over the water-batiuo^^^^^^^^
persistent

to half-an-hour, the liquicl
°f^^^^^^^^^test for morplnnc

green colour. This would be
^^^^^^^f^fproduced with only

were it not for the fact that
^fj^'^Zahl to get the reaetiou,^

pure morphine. For example, I was unable ,
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from morphme m very well-formed crystals precipitated fromordmary laudanum by ammonia, the least trace of resinous or
colouring-matter seriously interfering. By the action of nitric acidon morphine the liquid becomes orange-red, and an acid productof the formula O^oHgNOg is produced, which, when heated in a,
c losed tube with water at 100°, yields trinitro-phenol or picric

XLr interesting reaction points very decidedly to the

Sd to' ttn l.-°^P^"^«; -Idling a drop of sulphuric

becLt J \ ™«/Ptife m the cold, the morphine solution

aruntil "ft Ti''
^"^'^^ ^^^^ continuing theleat until the acid begins to volatilise, the colour chan-esthrough a series of brownish and indefinite hues up to black

soLion
bl-k spot with water, a green

rrodu??d L ir'?' T''^^^ ^^^^ «a^e Ireen

r f.l? ^ ^i^^^li* iias recently proposed

tkl tlr:i£ --^^^^ strongf sulJCcacid, and a little arsenate of sodium is added ; on gently warmino-

production of apomornhinp Th/ ^ l i'

it depends on the
m a little strong3fM • f

^^Pected alkaloid is dissolved

trated suTphurTclckf ^^^^^ ""'^1^'^ ^ ^^^^P «f ^"^^e^"

It is now cooled some b^ l M ^Purple-black colour,

the mixture neu iaS^ ^'''^ ^-"^^^ ^^^^d^^^' ^^'^

''^Heved KXrtM^^"^ET' ^^^^^^^ ^^-^-
' -leine."Then ^ mol'Srof "^°^P^"-« "^^o

»D VI
niorphine is dissolved in alcohol

^•'f^^/^&Sf-igr""^'^-' ^ D. E. Dott. Year

,
t Co.,. ^e,.,, 02, pp. 1140-1143 and 1228 ; and Jour. CAem. Soc, 1S81



282 POISONS : THEIR EFFECTS AND DETECTION. [§
317.

containing 1 molecule of sodium hydroxide, and 2 vols, of methyl

Se are°added, and the mixture gently heated, a violent r^^^on

Bets in and the main product is ^o^eme metluodic e (0,,H,8^^

OOH Mel). If only half the quantity of methyl iodide is

added Then free codeiL is in small quantity produced
;

if ethyl

iodide' be substituted for methyl, a new base is formed l-m lo^

gous with codeine-Grimaux considering ^^^p yne ana o^^^^^^

^henol-therefore codeine would seem to be the methyl ethei

of ri^orphine If morphine is heated with iodide of methyl and

aLXte akohol in a closed tube for half an hour at 100
,
methyl

?Sfo?morphine is obtained ^^^O ^M?fXo%C^^^^^
crystals, easily soluble in water {G,,11,^0,Mel + H.O), similari)

the ethyl iodide compound can be producecL

If morphine is heated for from two to three hours m a closed

tube with dilute hydrochloric acid, water is elimmated-

(CAN03 = C,,H,,NO,+ H.30),

and the Vdrochlorate of apomorphin^^

If concentrated sulphuric acid be
<^S^f^^ «

at 100°), on
twelve to fifteen hours (or heated for ^alf an ^oui at iU

;

adding to the cooled violet-coloured
-^f^^^^^^f,^^^^^^^^

dilute

nitrate of potash or of chlorate of pota h, or ^ Mop

nitric acid, a beautiful violet-blue co our is poduc^^
,^ ^

passes gradually into
.^^^IJ/^^jJI:^^^^, VTagent strikes with

certain glucosides give an identical react^^^^^^^^
^^^^

A test which hitherto has
^^^'\T'tuSTchlm'ide of iron.

<,olour which morphine strikes ^^ ^^f/^^ .^^f i, to sublime

The best way to V^^V^^^^^^^Y'^^'^^^IZ^^^ suggested

,some ferric chloride, and dissolve the p oduct, ^

by Mohr) to use the ferro-^ammonium aljim
The

§ 317. Symptovis of Opium, and
^^^J '^'l much alike,

symptoms of opium .uid moiTl-ne PO
-^^^^^^^^^^^

. therefore

that clinically it is impossible to distmguisu

they may be considered together.
morphine or opium;

ActioLn Am^nals-Frogs.--T^^^
fitt sp'^""' restlessly about,

on frogs is peculiar: a^nmal at fi^ t
^^^^^^^

seen

und then falls into a condition extremely
"^^^f i,,itatiou

in strychnine poisoning, every motion » /
^

however,

producing a tetanic convulsion. This conai
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sometimes not observed. The tetanic stage is followed by
paralysis of reflex movements and cessation of breathing, the
Jieart contmning to beat.

• fTi'^^!? *° ^"^ S"™- morphine nieconate, or acetate, in-
.lected directly into the circulation of a dog, shows its effects almost
immediately The dog becomes uneasy, and moves its iaws andtongue as if some peculiar taste were experienced : it may bark
or utter a whine, and then in a minute or two falls into a pro-iound sleep, which is often so deep that while it lasts-usually

^ffTfi^l fi^'Vl''
operation may be performed. In whateve^

tn^r.l \ \ 7 P^r"'^' The respiration islapid and stertorous, and most reflex actions are extinguished

iJf T 1 f^"'!^' '^^J startle theammal and when he wakes his faculties are evidently confused.

In the .r^>^ ^^^^ "^^'^^ been noticed, and

^ZuZ a Jy, T ^ ^^^^
r^""''

something theattitude of the hyena. Hence this condition (first, I believenoticed by Bernard) has been called the "hyenoid " state If

aie not dissimi ar, save that they terminate in death which isgenerally preceded by convulsions.*
'

Cats show very similar symptoms. Rabbits only sleep, but

tered to dogs, the brKLn wWl. i

ig^-anunes are adminis-
PM-tial musfilar contracts

Prodiu^ed may be accompanied by
at variable intervals Then o^cnr

°'
"'f*^^^^)'

^^^^h are renewed
body, or in the ™1 limbs mZ ^T'T^^^Z^ ^^''"^^ whole
more intense decree and aVefoU?wPr^^^^^

the phenomena recnr iu
or sixteen timef a 'minute a ns^i S^^^^

Regularly, ten
series of convulsive movemPnt« i!^

^^'^^ present a
they are excited breSS st milr T^. ^enev^l. Sometimes
The sleep may coE^pSoS^^^^^^^ Sn^T "'"^"^

r"*''^'^'^°"^-become distinctly lighter tZ^p Pnnv,^f •
i,

' P^™"^' or it may
ntervals, for an hour Difflf

'^o^^^ilsive phenomena may continue, with
but the chief cL S;rsrf t e^.T

"""^ ^^^^'^^^ ^^^^^^^^i
animals, and wX small dos2 fl?

^'""^"^ described. In certain
the commencement oTthe S' but ft?^^^^ t

^'''^ convulsive phase at
period of snasm TiJf

^^eep but it is much less constant than the latpr
Piously L?n"descrS^^r eXf "^l^*^^^'

-ot pS
mounting to En-immp^ ^ ^ ,^ consequence of very large doses
:^laude llrnaxrroccurJi TtW ' excitemenC desfribecfby
norphine i=< ^i,

"'-euriing at the commencement of the sIppu f,-^Z

'^-^-tZVle^iSZZT^^^^^ The conclLiord™
othebaine^s™ often l^*

'".orplua is not diametrically op osedu sive propWties of the ttXb^ ^Tln-
° "

T'^''' ^J^SreeUlTcon-
0-ect.on .ith the -earchts^fGrtL^t\S^^^^
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if the dose is tage, convulsions generally are present at the

close. . „ oKIp +n eat almost incredible

Birds, especially P'Sf"f'' V^l^ 1°
to have consumed 801

hitherto experimented upon.
experiments on animals,

§ 318. /Zv^^^^^ tl? nervous and arterial

the essential action of morpmne ^ rj.i,ere is no very

systems has in some measure ^Jf^^^are first accelerated,

considerable action on the
^^^J*" J^^,^^^^^^^ doses introduced

then diminished m
%^f^^''l^^l^ll^d.h\\^^ pulsations, and

directly into the drculation «nce™ i ^^^^
no acceleration is noticed, ^be fowing

^^^^
paralysis. The slowing is central in

'

the peri-

Ling' cut, morphine
^^^^^.^^^^s eUe, arge paralyse. If all I

pheric ends of the vagi, small
dof/J^J^^J^^^ is first a con- •

?he nerves going to the
^^^^^^^^^^^^

siderable acceleration and
^1^^^^ fi,,t increased, is

^

pulsations. The is noticed

afterwards diminished. T^iis mcr^^^^^^^ «^ also during some por-

during the acceleration ^^.^^^^ mlsT s slowed. Gescheidlen

tion of the time d^m^g -Ji^^^;^^^^^^^^^ Hiotor nerves at first

in his researches on frog, toum
^^^^ ^^^^^^

excited, and then depressed. When tne
^^^g^.

was scarcely any
^^«^*^^J^\^fJ According to other ol>

bourhood of the place
l^e annihilated.!

servers, the function of the ^^toi nerve
J ^ diminished,

According to Meihuizen, reflex acUon, at & t m
^^^^ ^^^^^

thee—or action ^^^S^^^^^J^
vulsive alkaloids, but ^

^^j^^ centigrammes of i^on^l^^^.'^^P^fthe

to the ordinary composition of opim^^ »^ experiments sl^^^J^gan
about a milbgramme of ^1;^^^"^^; niore powerful comnilsivc action tn

quantity of morphine has a
^ \, ,,ot the supposed a^fagoiu

milligramme of thebame (3^) ^^^^ antagonism between moU'l^^^
^ht

researches hitherto "^hr^^^ the

between the action of morphme on the
^^^^^ ^^^^^1 „,adc ol

otiier agents need JX S W^^^^^^
-'^t^^""

substances_whichjm^^^^^^ y,,i,oZo,.V, p. 3.4.
"
nermann's Lehrbuch der Expo .

loxu

^ ArcLf. d. Oes. Physiol., vu., p. 201.



§ 3 19-] MORPHIKE. 285

The pupils in animals are mostly contracted, but, if convulsions
occur towards death, they are dilated.

§ 319. Action on Man.—There are at least three forms of opium
poisoning :—(1.) The common form, as seen in about 99 per cent
of cases

; (2.) A very sudden form, in which death takes place
with fearful rapidity (the foudroyante variety of the French) * •

and (3.) A very rare entirely abnormalform, in which there is no
coma, but convulsions.

In the common form there are three stages, viz. :—(1.) excite-
ment

; (2.) narcosis
; (3.) coma. In from' half-an-hour to an hour t

the first symptoms commence, the pulse is quickened, the pupils
are contracted, the face flushes, and the hands and feet reddened—m other words, the capillary circulation is active. This stage
has some analogy to the action of alcohol; the ideas mostly flow
with great rapidity, and instead of a feeling of sleepiness, the re-
verse IS the case. It, however, insensibly, and more or less rapidly
passes into the next stage of heaviness and stupor. There is an
irresistible tendency to sleep ; the pulse and the respiration become
sJower

;
the conjunctivae are reddened ; the face and head often

Hushed, in some cases there is great irritability of the skin
a^id an eruption of nettle-rash. If the poison has been taken bythe mouth, vomiting may be present. The bowels are usually—m fact almost invariably-constipated. There is also some lossoi power over the bladder.

stage, the narcosis deepens into dangerous coma :

tjf t Tr t^S'" by «h^king, or ex-

Jften nSe""/^' ^^/^'^'^T "^""^ stertorous
;
the faceotten pale

;
the body covered with a clammy sweat. The Dunikare s 111 contracted, but they may in the last'hours of life dSe

ils i at?rfTf^ agreed that, if a corpse is found with the

S;:t\TrnvXon^^'^"^ ^^^^^^ occasionally te.

dee^n^T.lf'y'"'! T^^^^
individual sinks into a

^
1 r'*

immediately -that is, within five or tenS arT^^ 1 fT rapid cases thepupus are said to be constantly dilated.

^^^tSTf^r!
conm&i^6/o.^^ are.to be sought among opium-

a1 I T""^
"""'^^^ otherwise abnormal conditions.

^

^ man, forty years old, who had taken opiates daily since his

* Tardieu
: ]<:tude Med. L6gale sur VEmpoisonnement.

'olorto be' utto'ffZ "'^"-^'^ ^ ^^^ly a large dose (sup-
^ "alf hourl^^S ISreutZ-Woto^r^ symptoms lor fo'r^S
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twenty-second year (his dose being 6 grms. (92-4 grains) of solid

Zium) ZZnolt hunting, of which sport he was passionately fond,
opium), wnen ou »'

|,^ij,istered to himself three times his
took cold, an ,

as a
^^^^^'y- ^^l™ ^^^^^ contraction of the left

been .^^^
'^f'^'^^^^ and that the marked nervous symptoms

loids m the same degre^^^^^^^^
^^^^ homologous

were m no small degree wib cucv.
i-.p +qVptl in

Tlkaloids, which, in such an enormous dose would be taken m

recovers consciousness, and then sinks oacK lutu

January 1869).
-^J^^^^^^^^^^ ^ ^ „„^^to3e condition fov more

is;: rayi"ta.o., an. died in four-

1 Win«

.

out of bed, laughed, t.
"

At tour am. tlie nurse

goti^uotet,-' Y^y^-^Sfn^ S^^^

;i rtHfterrp^Kmpts to^ouse
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?lSgVe'Lt;l^
'''''' "^^'^^^^"^ afte.

The examination showed some hypera^mia of thpbrain and serous effusion in the ventricles, and^ ther^was alsoubercle m the pleura. Three lozenges similar to the ole taken

founJXtThe f'T^''^
investigated by Hamberg tho

rnle? instead ^^^^^^^
^''^

lozenges instead of morphine acetate, might be considered nc,prepared with almost pure morphine ; the content i^tl e three ofmorphine being respectively 35, 37, and 42 mgrms that is fromhalf a gram to three-fifths of a ^rain^ ^ t^'

it see.s just to infer th/t rwrjaS;t:aXi-i^r

dry tongue, constipation, and lo^ss^ of Tppetite All
^

symptoms m hea thy people vani=;h i-r, a 1
^PPf^^®- these

also been noticed sligKlbumWir. I
^'^^^ ^^^^^

of taste, and numbneC?pt~; b^^^^^^^^
loss

tan^o^^^ctSn^^^^^ -re by subcu-
In my ow'n case I h^e evS tiirt r'^^

causes feintness.

opium to reliev^ either paTn or aTf. i
t '^^^^^ ^r^^ of

within an hour afterwards tLrJ vf
^f^^^^i; almost invariably

hands and feet, liS^^f the fLp ^''f
^«ld^^««« of tl^e

followed by vomitii^g Uen thS 5 ^ f of deadly faintness
more tha/half an hou7) had pL^^^^^^^^^

'^''^^
have been produced ^ ^ ' ^^^^^ narcotic eff-ects

dTchC sii\.s5^ •r ^ '-r --'p^-
suffering from acute Cw^fut was ntf^'^'^r'had no heart disease which could be Sf ^wf
mstantlyrelieved,andhe

called out "T 1/ ^^^^^^^ ^as
ordinary." He went out of he i^L LT ^f' '\ ' ^^^ra-
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TViiQ ciiite lasted about an hour,

complete loss of consciousnes^^^

and without a doubt the ^^^^^^^ ^,ing hypodermic
practice, who have "^^^^^eJ^^^
Ljections of-orphn.e ha-^^ yet it

and other cases, and although i mo
^^^^rmically even m

is evident that ^-'^^'^'{^^'^^^^^^^^
a moderate dose may ^^^1^^ ^f^StratLn is so rapid that by the

acceLto the 7^*^-
^^^^ external

it readily, and narcotic effects P
case of

applications, whether a
^^^^^/^^ P^^^^J in Ohever's " Juris-

aSorption of opium by a --d ^ r^^^^^
^^^^^

prudence."t
^,?^Xehead^by a brick-bat, causing a gapmg

was struck on the ff^^^"^^
P7^_„ej,ts stuffed the wound vnth

wound about an inch long ;
his P^^^^^^^^^^^^ opium still

opium.. On the and in short

remaining m the wound, he ^^p^^™; -
. ^th treatment he

had all the symptoms of ^P^^^^^^'SV^bsorbs the drug

recovered. The unbroken skin ^l^^^^^^^^ Wanum, applied

Tardieu states that \%^^\''ZduJZX Christison has also

on a poultice to thef^^^^^r^ sufered from erysipelas, and died

cited a case in which a ^^l^ier sutteiea tro y^ ^^^^

in a narcotic state, apparently produ^^^^^

Application of laudanum to ^le^n^^^^^^^^
Taylor^^ ia

To these cases may be aclcleci tne ^ ^ surtace

which a druggist applied 30/^ .foZ'S with all the

of an ulcerated breast, ^^^^
^^^^^^^g ^fter the appU^^^^

symptoms of narcotic poisoning liours^t JP^ ^
an event scarcely surprising.

/^^^'^ "^^^tions^.^., the milk--

Jufficient of the poison ^-ters into the secie^^^^^^^
i/Manchcster

times between poisoning by opiuu
a recovery, by

* See a case of morphia l-i^oninS by hypode^J^^ tKustance a third of

W^i^f£SutSS?taSU a..erous sympton.

gardener, aged 48.
^

t 3rd. Ed., p. 228.
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at others, between opium and disease. Insensibility from
chloral, from alcohol, from belladonna or atropine, and from
carbon oxide gas, are all more or less like opium poisoning
With regard to chloral, it may be that only chemical analysis
and surrounding circumstances can clear up the matter. In
a cohol poisoning, the breath commonly smells very strongly of
alcohol and there is no difficulty in separating it from the
contents of the stomach, &c., besides which the stomach isusually red and inflamed. Atropine and belladonna invariably
dilate the pupil, and although just before death opium has the

vTt T'^ °Pi^™ contracts, and

mentTonerftn ^"""l Y ^'^^ ^^^^^^S^^' ^« before

IT^^U T "^"""l
stress must not be laid upoS the state of

the boX ^ff f P'""^^^^ ™««-red condition of

most n/rt ! ' ^ P^ll°r which, for the

^h ttr on^r ^'f
^ fomment symptom, it may be doubtful

sTons S^fcheZ ..T ^^f^.^^^^^^^
been taken, but the convul-W rathe';*? p''f

opium poisoning seem to me to have

the effLts of iv^^^^^^^^
character, and very different from

Xh do not 1^' ""^^'"^^^ ^^id down for cases

coSntlv rnPt ""T^^ ^^^^^^^ such are being

exrellfdSt ^^'''^'^ ""^^^^ ^ di^g^«si« often

a fW ^f-^

tliflicult, and the more so in those instances in which
cat r^eentT^^^^^^^^^

^'^'^ T^*^ administered I^ a

emphysema^^^^^^^^
observation, a woman, suffering from

draUt ThicT he torf'r'' ^ ^ «l^<^Pi^g

Ws shl fell t to r . f f ^ ^fter^

Ws. The drailt Lf)?
'''''^

^^^^^^ ^i*hin six

tottle- the hnHl^
had been contained in an ounce-and-a-half

that^Ul%tto?oS^^^ druggist stated in evidence
«ic bromide and waif ^^^^anum, 10 grains of potas-

remaining in the bottie
diluting the single drop

f^amples of Taudanum^tlnr^ -"^'S*'^^ ^'^^"^^ with several

i«°^clusion tha the anant^V^ "^^^^ ^ ^^^^
originally contained wl?? ^ laudanum which the bottle

^stated, and thS ?f J T''^'"
°f ^^ich had been

:

The b^dy was pll d
^^'^"^ ^''^ "^^'^^ ^ drachmt

«f the brain mfines ^vCffi^f*^^^^^^^^ T?^^*^^' ^^^^^^^
about an ou^^e of serZ flf•

^^^^^"^d blood, and there
.^^«re excessivelv emnLf !

"""^ ''''''^ ventricle. The lunc^s
"itlie bronchi •^th^^^''"'^*°"^f"d there was much secretionch^. the hver was slightly cirrhotic. The blood he
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wraths by apoplexy will only—«
l^t'li:Z.^MZ:'^^^^^

body no Icon

l^'2\X'«a.-..-The—ption of op.u^^^^ a very

anLnt practice axnong Eastern -^^^n.^^l^^ Wo^als

addicted to this ^^ce^ wi^^^^
^^^^^^ conjunctivae

hanging m
inactive that tliere is scarcely an

tinged with bile, ^l^^^^^^/^f^^^X^he mental faculties verging

excretion m the course ot a
^fj^' . percentage of those

on idiocy and imbecility is only trne «f ^
^eSlrchk and the

who are addicted to the habit^
™test o^^^^

«^

statements of those have had g^at^st^

observation, show that it is possible for
^<^gjj^-^ ,f l^ealth,

to be taken by certain people, and yet a
111^^^^^^^ consumption

both physical -ental enjoy^^^^^^

Jedico legal bearing. Thus

of opium by individuals has «^ direct mea
i^^memorial, infused

in India, among the
.^JJPJ.^^'J^",^,^^^^^^^^ of ordinary

opium has been the drink both ot recon^2U ^ ^^^^

greeting, and it is no ^^^ence of death by j>o
^^^^^^

t consfderable quantity of opium J^^/^^^^^ unless

after death, for this
^^^^^^f'^^'^'l^^l be considered

the history of the case -as among.^
insuflacient proof. So, again, in

nuantity of an opiate

races it is entirely unknown what q^^^tity
^^^^j..

Touid be considered a POison-s dos
J,„,,ed by

Almost incredible
^^-^^^'Zl^^ 'l,^^^^

that the

such persons, and the «o^^°^^\y:"''^^^^^^^
can scarcely be
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time beino' 5 o-mi
syringe was used 1 360 ti^%,, fte dose "eal

it ?~f?Lstirt%rr/
opium smotP TJ""*'"^

what poisonous alkaloids are in

aC"tit"2
; fofit" sTbHmfnn'^';^- ^^'^^^^ ^^^^^ S

be deposited' in tie coot SToVt^^^^^^
"^^^

opium-smokino- seems to iJ^^?l ^ i¥ ^'P^" case,

Mr. Vice-Oonsli xlV ofTew t ' ^'^-^^^ hutmie
Yangtsoe and Stech^^eClfsTh^^^^^^i ^PP-
junk sailors and others 'Z^ZT .

^^'^ company of
more or less." He sL • "Tl.

'^''^
f^"^* «™«ied

and rudest, rising at four '^id wnX"''"* -^l ^^^^est
mission till darkXlZ lo^tX^T^^^ ^'^^^^
stream in all seasons and tl3fnft. ^ .?"P P^^^g« t^e
The quantity of food thevt f

"^^'^ dangerous parts,
this ind thJir work It leeZ P^.'^^g^^^' from
constitution was robust tZ f ^ be inferred that their
-ere the pilot andS hip^Ur T^lf^.-^^^ *o the habit
ness and steady nerve of the fr,^^ if .

incessant watchful-
aU on board clepended whil/jr

^^^'^^^^7 of the junk and
3 A.M. to 10 P.M and of^n 1 '"'T'^

"^^^^^^ hlrd from
of sleep or res^kat to catch^ '"f f<^"^"'

independent
cause for good-humoLeV banter Thl L f%^'' ^"^--^
opium and sugar which he i i

^^^^ ^ conserve of
only able to sm^oke at night »

'^"""^ '^^7' ^« he was

appeSLSfCStft^^^^^^ - characteristic
vessels of the membranes witfe '^T ^^^^^ ^^^^ hlood-
^entricles. The Zlul Z g^^erally serous effusion into the
^Wated, the dilatafftcuSnHs Hof dying. The external surface of tb ?

^^^-^^^^^^l' the act
P'-^le- The lungs are commonTv h ""'^^ l^^id or

still, in not a fewTaTes th--^'''^
^^"'^'^'^

^7
single case could a pathl.isr;'

abnormal, and in
-gans oni^, declare the SuL of S^^^^^

of the
S Separaiiov nf M^^^i i .

"tn confidence,

f
°"^erly a'^lari ;{pS^^^

Xance<, March 25 7fi«o o ,

i-^iougn stiil common, is
IS, I8S2. 25, 1882. See also D. Boulton's case, W, M.ch
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323.

Zt exoriion of morphine by tho™ "tX-rot

dose may extend over five six days^ in
^^^^^^^

Dra<^endorff to extract morplime from eitliei urine
,

ljra-,enuuixi
/acidified with a mineral acid) several

contain any morphine that was
PJ.ef

ent. i

be pure enough to admit of
^^^^^^^^^^^^ Conside/able

redissolved and purified on the f.^f^^^^^^^ experimenters,
variety of results seem to be obtained

^^^l^g^J^ .4 of

Landsberg§ injected ^yP^/^^^^t^ ^TfouAxperiment^
morphine hydrochlorate into dogs,

dose with

but failed to detect
^^^^^P^^The same result On the other hand.

2-4 mgrms. of the salt gave the same result,

•8 grm. of -rphine hydro^^^^^^^^^^

jugular vein, was partly ^^^cretecl by tne j

ihe urine yielded a small
^^^^f^^^^^^^X had taken mm-phine

examined the urine and faeces of a man who
separated

for years; he could detec ZTool^^on% be

morphine from the fseces.H ^^JP^'^^ ™^ ^ the blood of a

recognised in the blood, ^^^age^'^^^^ft
X*"''^^ 'V'J^^ He also

Tat twenty-five minutes after -J-^^^'^X iec^f Uh-e
^^J^o^ S^^:::^^-rphine in the

KTof^a suicide who had taken opxum extrac\
^^^^^^

'^^On the other h^/iJ^fr^ aCotl^^^^^^^^^^

* Bull. 06n. de TMrap.,J)ec 186).

+ Jourti. de Ghim., xi., 93,

I Berl. Klin yVochenscl^., 18/b 27
^^^^.^^ ^j^^^ 1SS2, o43.

5 Arch. Pharm.,vv. [3.], 2|;;:f;,,«,icA-aew^^'c/ic» ^'f^'^'^J^

^ei7,3c/tr. /. Russland, 1868, Mrt.
g

** Wurtshj. Correspondenzhl, xxxiv., lo, iou..
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be some Sinl. L th. V tliere may
morphine hlTbeL tatntvT ' '^1'^'°.' ^"^^^ «f
has Len aclministS ht^ode^^^^^^^^^

-orphine
several hours have elari^rl ^'i ^ "^^^ "^^^"^^ ^^i^h
in which there L tbe lC ' T i

'^J that the organ
the stomach It%^t !n LZ '^''l

^^^^^^^ P«i«o^ is

a very large scale I' exlZl T% ""'''''^'^ *° ^P^^^*^ «^
liver/the kidney Spleen aTrf b ^^^ole

alcohol. The ur£e w Jl aCW ^ ^^^^ ^^i^^

blood as can be obtaired £ ties where T/^'"'
"^^^

to a minute quantity (under a^^TJ.? ' ^^^^^ ^^^^'^^^^ Poi^t«
best to add these vario . plf

of morphine, it is decidedly
alcohol at a verylen?iXat,^S^^^^^^^^ off thi
dissolve again in absolute alcohol filS. T ^ vacuum, to
ness, dissolve in water and thp^

'

i^'
evaporate again to dry-

extract finally thrroorph^e wfth
^^^^f^^^rff's process-i..^

tion alkalised^ Threi3%^fwf ^^^^^^^ from the solu-
beable to say that he SaSed I'T'''/"* ^'^^^ ^
organ, but rather fro^Se whL W'""" S"""

^^^^ particular
-edico-legal case matTerTl/Sk'S' m"'

^
natural constituent of the bodv v ''''P^'''^ ^
mmce the whole corpse treat f/w? i

"^^""^ practicable to
obtain a small quantk^^ftornhTn^^ 1^*^' T/^V^^

^
rfetot of considerable significance sll^ ^

^''''^^ ^ ''^-P'''
amylic alcohol extracts" from putrefil^ Z P"'^*^^^ ^^^^^
agreeing with morphine in sStiwf "Ptomaines"
but there has been no ptoLi^e seil?^^ jf-?.'
precipitate with iodine Zr^tf? J

^'^'^ hitherto which gives a
Jdentical form of morph^^^^^^^

^^^<J
«f ^^e definite and

^me, responds to the^io Sc te^st T i
' tlie sameW also proposed as an aid in J ^^gg^^le has

from morphine. It is poUTe to detpT'"''^^.^
,t-^eath. Stas fou^nd ^'^^O^^^^^^^
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the plane of polarisation to the left Mr = 130-6
;
the ax.id solu-

'^:^^es no crystalline suhlixnate ; its behaviour in the

This is perhaps the best test lor tJie P^eseno^
solution in the

centrated sulphuric acxd d^sfl^es narcotm^^^^^

cold is at first colourless, after
If the solu-

course of a ^^ay - \ng^
the mar^

tion xs warmed t
^^^^J^^^f ^ric sulphate begins to vola.

violet-blue ; and it neateci uutu y i
gating is not

tilise, the
f;" -^VsSratT 4 to "oH deUcat? cherry-

1 2000 of the alkaloid, this test is very evident with 1 .
40,0UO,

he colour is only a faint carmine
, d,„p

A solntion of narcotme m pure ^^PtuncJ^^id »^
of nitric acid be-^^tc" ^ ^r^"tion is warmed to 15U ,

liypocnioiiuB
cherrv-red. The pre-

red ; and chloride of iron first a
acid, sul-

cipitantsof narcotine are-ptosphomol|^^^^^^
^^^^^.^^^

phocyanide of potash, potassio ^^dmic iodide
^^^^

^latiL chloride, auric Ibove 200;,

throwing it down by water. . ^^^^.-^j^ only

The symptoms are mamly convuto^^
contained in opium

§ 326. Codeine (C'is|^2i^A'3r^^ . ^ otes -66 to "/S per

in'small quantity only. Mu dei
^^f^^fj ^^^^ gehindler gxvc

cent, as present in Smyrna opiun ,
but iue^^^^^^

•25 per cent. Schindler found m Constant P^
consider^

and Merck, in Bengal, -5 P^^
«eut a^o-.

o^ed for it

by Grimaux to be an ether of morphine ,
nc i if

the name of codomethylene.



§ ^^^-J CODEINE. 295

Codeine crystalHses out of dry ether in small; colourlessanhydrous crystals
; but crystallised slowly from an aqueoussolution, the crystals are either in well-defined octahedra^ or "n

sVaToTfluir
^'^^ -^''^^ -

It requires 80 parts of cold, 17 of boiling water, 10 parts ofbenzole and 7 parts of amyl alcohol respectively, for solut onAlcohol, benzene, ether, and chloroform freely dissol4 1^^ ^'
petroleum ether it is almost insoluble. Further t ifalso solub p

tate falls. On warmino- with p S?fV 1 ^t!
^ '^'^y^^^^^^ Precipi-

oWoride, a blue cofou^L'tdJef' Twf^^^^^ ^1' ^".^

.entty comm toalletherL&^ colour . appa-

hi feen^tZ.-^^:^^^^^^^ 1 animals
Brown and Frasef̂ ik^aS^^^^^

Magendie, Orum
has also been admTAistered to L ^^^f^^^^^ber of others.* It
the place ofmorSe CW '^^gree
t° clogs in suffiSt aua^^Jw i

^^^^n gfven
different in some reteS tLt n^ '^^^P' ^^^^P -^s
it-^ after-effects. Thus in -

?^°^P^!,^<^ «l«ep, especially in
the following experiment < t'""^^

^'^P^'? ^^y' ^^^^^ribes
play togethe?, and b™ a little ^^t^^

accustomed to
the c'ellula; tissue of the al'i 77^.?' ^T'^^'

'''''

syringe, the one 5 centi^r^r^T
^^^.^'^ ^ subcutaneous

^^ther".5' centigraLTof '1 yp}'^ ^^y^^rochloride, the

»*."l8S::-S'- n.. 273-288, ^«-. Cta. Soc.. K„,
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they presented the most striking f-^^5^ ^^^^..^jf^^^^^
vnn witha hvena-like gait (demarche hyenoid), the eye wiW, re

tad the morphine, and *Se were eompletelf

-.te?»e\^=^^^^
The dog which, two days before, after having

"^^^"^ , ^
ri=e\f:&^?^^^^
and in the best spirits.

TSpmard does not men.-

-^.nuKj if^^^^^^^^
puts the minimum lethal dose for a ^^"^it ab ^i-^^^^^

to that

1^0. Given to man, it Produces a sleep --^^'^^ ,ery

described by Claude ^ernard-that is^^^ ^
natural, and does not l^ave any after ettec^^^^^^

^ ^^^^
declared to be the best a kaloid

^^^J^^l^l^^Z^^^ it does not

lengthened slumber is

'b' nVuK ""P-
confine the bowels, nor 11^^/^,^^^^*°^^,^^^ efi-ect, vomiting

tion on the skin. Before it has a foU^^^^^
The maxi-

has often been excited and
^/^Tm fl 5 g"-i4 > tl^^-^

S?s™ fantif;, l^^t^^ P--^^ -

or diluted acetic acid m long,
-\^^?;^^°^^",^;^tvLt bitter taste.

or fine, bushy, united needles. It has a some

and is without odour. crystallisation.
One

The crystals generally ^ont^^ ^'A^ 01 vy

part of narceine dissolves ^
f pf narceine from

s^r^fiss;si£^^^^^
For further details as to the action of codeine, the

L. (

the
Loudon.

* For further details as to the ^^tl^^filS ^ich contains reference t

0 Wach's monograph, Das Oodem^^f!^^]^J'S]l Vegetable
^evu-otics.

e earlier literature. See also Hailey,
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acid, but is insoluble in ether. Benzole and petroleum etherextract narceme neither from acid nor alkaline solution chloro-form extracts narceine both from acid and from alkaline solutionsthe latter m small proportion only. Narceine turns the^ane ofpolarisation to the left, a[r] = 66-7°. Narceine may be separateclfrom narcotme by the addition of ammonia to the^fd aCoS
:^i^^:^ZL^ ammonia,\Tr

acid, and developTth T^oJ.;/ ? i^^^'f
""^'^^^^ °f

sulphuric acTd Xurs .
a volatile base. Concentrated

M|d-redorblur^i^lC;rpZL^^^^^^^ '^^^^^ ^

int!tlS.'"Sei;trrm^^
brown-green, then red, passing

potash, chlorilTf golfb^lS of '^l 1^ ''^^"T^*^
other reagents. The one fori^p7K .t.

Platinum, and several

iodide is\ hair llV crvlTs ^^^^
become blue ^ "^^'"^^ twenty-four hours

^'tS^'^S""^~ als a black-blue.

brown colour7oni]uW tb^ ^^ff'^^^^'
^^^^es a

Httle bundles W^y?^^^^^^ ^ water, beautiful

^arioilyffe^rTtld^frr^ "^^''^^"^^ bas bee.n
tbought it th?mn5 .1 observers. Claude Bernard*
Baid^that "the narceinT';; °P^"^ ^"^aloids. He

''-Im and absence of tb ex7tabStfS'^^^ '^^
^

narcotised by narcein^L nwnl ^ 5 morphnie, the animals

* C-aw^^. Heml, lix. p. 406, 1SG4.
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330.

vations led physiologists to expect. lu large doses there Ls

lomT rritation of the stomach and intestines, and vomiting

Turs amfeven diarrhea ;
moderate ^Ipses -d-e•

S^tS^rpSSl^^roHoS:^^!^^^ that

^^4iS:nt hy^^^t^^^^ s
crystals on cooling.

-p^^^^~,^^^^^ It

nTsS- th'e r^X amo^^^^^^^^ brown, and is not

violet-blue, and dissolves ^t J^f
solution, by permanganate of Potas^'^^^f;,^^^ Xeh becomi
Frohde's reagent gives a

^'"^^'^l^'^^^^^^^^^ solutions

blue, and vanishes after
^^^ff'/^^^^^^^^^

of salts of papaverine are not F^'^^P^^f I, Caustic' and

L\l\Sfty p^tatrc^Sic^odide iodine ia

ry"ac»by '^^'^^^^^^^^^ ^
the important ^x^^P^^on mentio^^^^

amyl alcohol is also precipitated by
"^^P^f^^ ^ chloride also

Crystalline. An alcoholic fol-^r^-fj^^^T A^^ alcohoUc

sepa/ates papaverine platm f^^^^^ ^^^^^^^^ of papa-

solution of lodme, add-\
f "Ztl of the composition

rine, separates ^i;Jte'Zti:'li^^or, ^ ^^^^0 91 Hoi -IN ^4-'- 3-
, n onother iodine combination,

can be obtained
^if^^^^L.^'lZ^e 100° parts with free

CiH^iNOj^; the latter heated abm^ i

^decomposed by

iodine' These compounds with
^^^'^ The decomposi-

ammonia and potash P^P^^
ope. Papaverine may

tion may be watched under
^^^J^^^^evM which gives

be assumed to be present if a substa^^^^^^
^^^^^

a.) a violet colour with
f
^^l^^^^,

3 ^ lo precipitate with

^recipitatewithcadmio-potassic
iodide, (.3.)! P F

^^^^

* See J. Boucha.dat, La ^f!^^l^'l^^Si^^^ ^^^^l
Old Vegetable Neurotics," Lond '.1

;
^^^ ^ ^ Husemann's



§ 331, 322, 333.] thebaine. 299

phosphomolybdic acid
; and (4.) a precipitate of needles, if to an

fsTdded
alcoholic solution of iodine

§ 331. ^/feci!s.—Claude Bernard ranked papaverine with theconvulsants; probably the papaverine he had was impure Inany case, subsequent observations have shown that it is to beclassed rather with the hypnotic principles of opium Leidesdorf* admmxstered it to the insane, and noted sbwness of thepulse, muscular weakness, and drowsiness to follow The doses

BaS ^"^^^^^^-^^-t
(-^2 grm. of the hydrochloride)Baxt,T experimenting with the frog, found that a milligrammecaused de.p sleep and slowing of thi heart's action. This acTLon the heart is witnessed also on the recently-removed frog'sheart Guinea pigs, and other small animab Sned bvstrychnine or thebaine, and then <.iven DanavpHr,P rfi^^ T ^

are required for 5'97 r.a^. ^ P^^^^ of benzene
for l-eTZL Xtif and 100 of amyl alcohol

mmute crvst-ik «,-rr.,-io„ +
^"onmes at id5

. The sublimate is in
to 200") Sues cnhlT. ^

^* temperatures (160"

fawn coloured ' Sd.i f' residue is

Phuric acW) dissolves it wTl concentrated sul-

-lour, pasi4Ti^^^ T^rpicric acid is vpllnw
jeiiow. I he precipitate with

^ith gold chbrr 1
^"i^'^P^°"«i .^ith tannic acid, yellow

itron-yeUow S^^^^
"^^^ ^^'^ Pl^^i^i^ c^loriJe;

^'^^oholic sdWfon of theb^^^^^^^
A concentrated

l.posits wellformp?/ T I ' J"'* neutralised with HCl
'.;H,,N03Ho/: H 0 composition

333. Wec^s.-TLre is no disagreement of opinion as to the

* 2tschr. d. Wien. Aerzte, pp. 13 iof.„
t Arch. Anat. Phy,., p. 7b, 1^869.'

'
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action of thebaine. By the united testimony of all who have

rxperimented with it, the alkaloid belongs to those poisons

Xch produce tetanus, and the symptoms can - scarcely be

cuSnt'ated from strychnia. In Baxts expermients on

fro 's he showed that there was some considerable diiference m
details in the general course of the symptoms, according to the

lose of the poison. A small dose (such, for example, as -TS

mim Uniected into a frog subcutaneously produces immediate

SieXtt animal Jumping a^^ut and this s^^^^^^^^^

ohmit a minute ; it then becomes quieter, and has trom tniee to

v^^^iW sleep • in a little time this comatose state is followed

ty^^^ te^^os^..L and then spontaneous tetanic spasm.

^ith tiee times the dose, the tetanic
---^-^^^^^f^xt *

Irlv and death takes place in from two to six hours. Baxt
early, a^^^/^^^^''

rabbits with tetanic convulsions m

fifteen I tSy five minutes. Orum Brown and Fraser
trom niLtiBii

iniected into rabbits were fatal, it

than one in distilled water. .Tl^fbame lias been

8 -rains, would probably be a poisonous V^^f^^J- ^^^^ j^,

1867 ? It if oSy contained ^n
^^^^

like -003 per cent. It is a ^^^taU^ iTit wU^^ bitter taste, causing anu

less, six-sided prisms, without odoui but ^^^^^tli a
^^^^ ^^^^^

afte'r-sensation like P^PPf^JVl" at W?^^^^^^^ they are decom-,.

ia a crystalline form again at 171 > f^If
''

Cryptopine is insoluble,
«••>

posed iith evolution of ^^-i^^^Jt^Prand ben^^^^^^

Lmost so, in ether
Y^^f'^' .^^fVP^^^J^^^^^^^^ anunonia and la

best solvent, or hot
_
alcohol

;

it

^^,."Xn\^^^
solutious of the caustic alkaloids CiyptoF^^^

cryptopine pure."

fullv mineral acids. Concentrated ^^^^P^^^^^,
•'^e^^'^f''"^^^^^^^^ from the atmo9->

Sue, tiie tint gradually fadmg ^^d colour changes.-

phere. On a 'crystal of
l-^f--^^^^^^^^ gives no colour

* .......en a. inc. .Jja^-.
Ivi. PP- 2. 89. 1867. ArcL /•

Ana.^

'1f^^£:^S.n..ne.ro^^^ B-, Marburg, 1SC8

X Pharm. Jour: Trans. (2), vni PP. 49o and 710.

§ "The Old A^egetable Neurotics.
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Munk and Sippell* founrl tlvit ,> n-o,,

melting at 230° and partly sublim'n.
°^'^""L'^^^ydrons tasteless prisms,

complete, and at m^Ih lZ^r L...Z^J "^^^^^ almost
substance, and is scarceirdisXec^Ten i?

^^^^ i^«°l^^We
ether, chloroform, benzene and soW^^

by water, alcohol,
When in an amorphous state it f ntf

^^ed or volatile alkalies
dissolved out of anVsubstance W trp.H,?

^th^r, and may be
BeutraHsmg by amm'^nia andIhSing u^^^^^^^

° -id,
becomes crystalline mia>nr)U,Tt l^n^ '^^foi'e the precipitate
colom- prod^zcedX dis^S^a 1i t e

.-^^^e bhle-.?d
or hydrochloric acid. EittTer SDont.npn !l

^''^^^'''"'^ dilute sulphuric
colour is produced-one part of^rhiaZe inl^ Tparts of acid water blue or purpIeS^n noo

tl^is way 10,000
red. The reaction depends ofa Qitffn. SJof tb°f

^^^'^^O Pale
less substance, rkceadin, and aTd cS^l J^'^'^'^r^^

i^*° ^
poisonous. ' ^^'^ colourmg-matter. Ehceadine is not

§ 336. Pseudomorphine fC-TT, Arn ^ r> i
by PeUetier and Thiboumerv in s??''T^'^'''^°'?'°'l^^i"^ ^^s discovered
tte hot solution, pseuCoJSne fails ts a^ wTP/*"*^'^

by ammonia out oi
but If the solution is cold, th^Uc/nitate i^^^^^^^^

precipitate;
taste and has no action on vegetableSn,4 I* possesses no
and then melts. It dissolves els lyi^ caustic .S^v'^"'^'^^^

^* decomposes
but IS insoluble in all the ordinarv ah^nhnlf i

4^®^ ^"^"^ of lime,
aa m diluted sujphm-ic acid tE ^nd ethereal solvents as wel

'^^0
'
and tlit ^^ItfoMt % VdSchloSe

^Phuric acid disso'lve^t^utmoUt?^^^^^^^ ConLKed™ °^je-green colour.
orpmne giadually, with the production of

glittering, ortho-rhomb c needles'' a'^;^^'"''''"^
crystallises in colourless

^ oUmS," ' "'''•I" being in sW „?« ' "'"J'ra'S'Pi'Me becomes
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To extract apoxnorphine, theWs are p..c^

a,.d the precipitate f^^^^^^^t^d by ethex o, ch^^^^
conveited

solvents leaves morphme ^^^^^^^"J^^^^^S^t^^^^^^^ bicarbonate, and i.

into bydrochloride, and once more ^^^P^T^^ becoming gi-een on ex-

lastly^obtained as a
.X'^a^X^S^r^^^^^ ,^n colour in

a*nd*;i:olnkiirMlst'lt colours ether purple-red. and chloroform

^tS^morphine is the pm.st and
^^^^^^^^

injected beneath the skin or
^^^^tness a^d the^ vomiting. The dose for

there is considerable <iepression faintoes^ and^^^^^^^
admhiistered.

.

an adult is about 6 mgrms. (
giam) snbcutane^ y ^^^^^

sufpScS InfSc^lSete^t f^Hows : none of them have at

present any toxicological importance :-

TABLE XL-SOME REACTIONS OF THE RARER ALKALOIDS
iABi^Hi A

OPIUM.

Alkaloid.
Formula.

Eeaction
with Warm

Sulphuric Acid.

Codaminc,

Landamine,

C2oH2BNOi )

C20H26NO4
)

Dirty red - violet

colour, tiu-ning

dark-violet on the

addition of HNO3

Landanosine,

Protapine,

Lanthopine,

C21H27N04 )

C20H19NO3 )

C23H25N04

Dirty green to

brownish-green.

Dark brown or

black.

Hydrocotarnine, C12H15NO,,
i

Dirty red-violet

;

not changed by

ti-ace of HNO3.

Eeaction
with

Ferric Chloride.

Dark green.

2^0 colour.

No coloiu-.

No colour.

§340. Meconin (OpianyD (^loHioOi)
^" 7i^^?.SV°^aJai^c^

out result. , a i m n ci-vstallises in white shimng s'^a ® ^



^ .^^^"^ MECONIN—MECONIC ACID.
3Q3

four parts of boilinc. water ,> rS Parts of cold, but dissolves in
It forms well-maSeVrsS

; th Tnd'
'''' «°

one atom of water, the former haS f?^ ''^^<'''^^}J^lt crystallise with

£^1(C,H0,)2; but if calcium Chloride is add^P^^^^^^^^^
''^'j'^^™ chloride,

has the composition C.H^CaO. + IlS If i.l- •''"^ salt
decomposes into carbon dioxidp nnri ^

peconic acid is gently heated it
stronger, PyromeconiracicuSH^in^ro"'^ « the heat it
ajQd benzole are formed. PwomeconTc '^^^^^ ^'^^^^ acid'
tensparent tables. Chloride rfron amfsotbl/-^'^'^^ I'-^^ge
With mecomc acid (even in OTpat ^;i7,'+- /

^on salts generally siL
altered by heat, nor bft^e ScSit o °Hn ^'^''^ ^l^ich'^^'s notSugar of lead and nitrate of i ver eafh ii ^^-^^ °^ ^^^^^ ^^loride.
mercurons and mercuric nitrates whL^ndvfn P^'ecipitate

; and

f^r^^^s-t^^^^^^^^^

n^-eath. ^ecordS^^SrilS^ -^^^
fHe pV^S^>|r^^^^^

tHe\\rnlTrr^^^^^^^^^ ^-cls for n^econic acid

fno acid; onmlu^:t:iu^^^^^ wi«;
^ater, IS distilled off, and to 7b. '

""^.^^.^^^ addition of a little
acetate of lead is added and tL^'Tl""!^^

^"^"^ ^ solution' 5
contain any alkaloMs wh W I ^l^rate

ounxl up^^ithtLlead or^rm^^^^^^
acid, if present, is

>^ either washed or dic^ested i^ !f
^ ^econate of lead may

;«spended in water afd fr!
acetic acid, to purify ?f

the lead sul^Sdrly^ ,fstSl W ' "^-te'
at once evaporated to dr.

ferric chloride, or pre-
T-ation it is iden^tS If tfr^urtv""^^^^^^-anno be conveniently weighed it Zv ? ^.-' '° '^^^^

m.'J^^ -^^^^^S ^ «tanclard"soTut L^J ' estimated colorimetri-

An7i. Phys., XXV, 56 • xxvJi i«q
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c «f fprrif chloride, the standard solu-

equivalent to 74-5 of meconic acid {<u,i±i^7)-

GROUP OF ALKALOIDS.

1 NUX VOMICA GROUP-STRYCHNINE-BEUCINE-

§ 342. Nuxvoniicais ^o-l t^
state and as a powder.

^^^^^^^i/S^^
or Koochla tree The seed xs ab^^^^^^^^

round, flattened,

Thrown colour, covered with a velvety^^^^
j ^^^^^^^ 1^.

hairs, which are coloured by
^^^^^^^^^^ easily pulverised;

yellow; the texture is tough,
is not uidike that of

the taste is intensely bitter. Tbe powder
^^^^

liquorice, and^ if met with in the^^^^^ ^^l^^^e o

red colour with
J,, precipitate with tincture of

tin; the aqueous
^f^^^^^'.f^'l ^Jd '^ves an olive-green tint

galls, is reddened by
^^^^^fl^.^r^^thod, however, of recog-

with persulphate of iron. The best me
,

^^^gtance under

lisini quickly and with ^^rtamty that tne
^^^^

:?aSination i's
---^onAc. vo^^^^^^^^ comple^y

it by the following simple process
. J^^^V ^he alcohohc

ixhiusted by

extract evaporated to
^^^^^Jl'^^j^ ^ ,,.et filter, and concentrated

aqueous solution is passed t^uo^S*^ ^
id a drop or so of

reactions to be 4^^^"^^'^- _Nux vomica contains at leas

§ 343. Chemical Composihooi.—J:su^

four distinct principles-
» Thebainc



§ ^'^^^ STRYCHNINE.
3Qg

(1.) Strychnine.

(2.) Brucine.

(3.) Igasurine.
(i.) Stryclinic or igasuric acid

^ ;
' " ^^'^ '^^''^

{false angustura bark) and qppf]« v-i,oiryc/mos mcx vomim in fii^^ t I ,
seeas oi the

Strijclmos tienre -Zll and T
ofthesamegen^s '

^'^^^''^^ ^^^^^^^ °ther plants

or^raT^S tir rtts'u:f^ ^-colouness crystals

alkaloid itself
; but the nitSte .nl?^ f ™ ^"'"'^ ''^

sold to a small extent ' '^^P^^*^' acetate are also

leading form^LX^.^^r^' ^^f^rred to three
prism^or th^ reg^lilt^^^^^^^^^^^^^ ^--gonal
evaporation of an^lcoholL solutL S .. ^'''i?

^^^^
four-sided pyramids or long prims ' but ^'obt ^ ^

V '^^"^

evaporation or rapid coolSia if f '
obtained by speedy

powder. If obtained ?rom f benzene .'nl
' ^^^^^^^^

usually crystalline, butTithonf f solution the deposit is

ti-es theiystals'are^extrer^^^ ^^-^^^

pnsmprevailing;buttrianmili;r>i + 1 .
six-sided

a-d pentagonal: may aSoT^t th ^t''"?.'^^"''
^'^^-^boidal,

evaporation assumes dendritic forJ. ^" .

-^ranched and reticulaS g:^^d^^^^^:^
-iXTcidiUS^^^^^^^^^ though readily dis-
e^periments, one part ff strylw ?

Wormley's repeated
?old water; and, accord^L S tS ^'333 parts of

6,667 parts of^old and^2 600 mrtrnf 1^ •
^'^'^-'^

be convenient then VnT V,
P °^ water. It mav

-ould hardi;Vstf;e irtltTo''^*
^

the same amount, if bomn '
abont ^n^'^'"^'

litre)
;«f strychnine. The solStf? ^ "^^^ S™^- Per litre

J-^, boiling, 10 mw« /TIT-/, . • ,
^ f533 specific gravitv

20
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Of all the above solvents, it is evident that chloroform is the

beS forp™ of separation, and next to chloroform, benzene

If a speck o strychnine be placed in ^^^l^^^f '.^.V^'^^

be found to sublime usually in a
-y^fl^^, witerLwt

common form at this temperature, according to the writer s own

strycnniiiB
resinous residue but it stiu

arid precipitating many "'^^taltr Most of the salts o£

often with the f°™='?;f'"
°'

''"XexTr^^^^^^^ Stryehnine,

crystalline compound :

—

•!0,H,N,O, . 6H,S + O3 . (20,A,N,0, * 3H,S,) . 3H,0.

On treatment with a. e.id this compound yields Hft (Schn^idt:

JBer. Deutsch. Chem. Ges., y^lj- plane of polarisa-

. n,nttft17.° - isiw S S?8^ iLw'') :

S sriVs?ho™>^ /r:*inai omy i.

The salts used m med^"™"; '"Sal in the German,

t^Lt wellknoVninco— 3.

The commercial Sulphate (^21^^^^ 150^ the

acid salt crystallising m needles whi^^^^

neutral sulphate (•2C,,H,.N 02, H,SO, +^^^^^^
J^^^^

of

sided, orthorhombic prisms, and is soiuoie

cold water.
,^ ^ ^ O HNO,) crystalUses on evaporation

The Nitrate (O21H22JN 2^2, -^j-^ '^^j in dilute nitric acid, m silky

from a warm solution of the alkaloid
J^^";'j^^iiity of this salt

needles, mostly collected m g^;?^?; .

JJ^^^^^^^
./^ ,f l3oiling,

is considerable, one part
'^/„?/Jco^ is almost the

water; its solubility in boilmg
f^^^j/,^^ ^^r

'

Tame, taking 60 of the former and 2 of the latter.



^ ^^^-J STRYCHNINE.

The Acetate crystalHses in tufts of needlpc, • ^^.^^^a ^ •

officjnal m a„ of the European pharmacopeias " "

of a strychnine salt cvY&tn\\\l^T!.T f^?\ ^ *^ ^ solution

very insoluble, orange-^Sw ""^Zt'-l^ "'T^'''^''various size and thickness. The salt S'of o ^'^l P^*"'
the analyst; for bv it. TCl .7.^1 S™""* practical use to

variety 'o{ sublnc"; IndLunrbruXe"'^! ^^P^^^*^' '^'^ ^
either applied direct to the f rf

''^^^^^ being
decomposed byTr^lnia '

tS^. ^^^-^ ^^^omate
alkaline liquid brcMSorm '^^^^^^^^^^ recovered from the

(2.) Sulphocyanide ofStrychnine (C,,H„„N O r?^TTq\ •

^

^^^^""^'Zui^-^^^^^ obtained by
cUoride has the compofelX HClpTn

' ^^^^^^^^^^
lises out of weak boilino- alcohnl'r "^'t F*P^2. and crystal
soluble) in gold-like scafe -^'^ ""^'"^

^« somewhat

compound (0,,H> O Ha^^^^^ ^^^^ the gold
(4.) -edlel

June-by which chlorine is sub.tifnf!
chlorine on strych-

gen-has been proposed as aW t^^^
«^ %^ro-

veiy dilute Ho\ sTaV to L is dissolv^l in
through chlorine gas, a white im^l.-'^hf

'''''
^

^^^^ P^^^i^g
^hxch may be recrystkllised frl I fecipitate is formed"
position C,,H 01 N- o 1

•
1* has probably the com

the action of iodine^sSbn^ ?^^^^^ ^« obtained by

f the precipitate in alXol an7p
'''' ^^^V^^t^; on solution

^a-s^.^^ r-' - ^^^^^^^^^^^^
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T>er cent brucine 2-58 per cent., total, 3-18 per cent
;
(No. 2)

per cent., oruu t
. 2-62 per cent.—total, 3-3 per

in oontammg a much larger propo
^^^^^^

LXWSSgXinLl/K.^^^^^ medicinal dose

is put at -15 grm. (2-3 grains).
^ j^. 1^ used in

Thpre is also an extract of bt. Ignatius otaity^ u.^^

~^oe-3;?^e':.^^^^^^^^^^^

consisted respectively of 0 353 pex cent^
^

1^ ^^^^

^eS S%e?rer" of which

-iSt^W of the e^-;t-^^^^^^^

bLene alkalised wiih—^^'^^ ^^^^^ e^orated in a

times with chloroform the oroio
Strychnine, as

tared vessel, and the
*«*^V^"^t^;^^ by dissohing the

before stated,
^^^^parated fiom hxucme^^^^^

latter ont with
-^^^^l^^^f.J^tiril bei^"^^^^^^^^

T^rpoiselv similar principles, the spuit; oeui^
^C Id the resLe ^-ted by

-^^^^^^^^^

The nux vomica powder
^^^^Jj^^^y^^ssible are treated three

15 to 20 grms., pulverised as finely ^^P^fj'^^, sulphuric a«id,

t4es with 150 io 300 cc^of
.-^f^f^^;^^^^^^^^^

well boiled, and, after ^a^^^^,^;^!^^^^^^^^^^ The

The last exhaustion must be destitute m
^ ^ thick

united filtrates are then
^^^l^'^^i^t^^^^^

.yrup, which IS Stwtoroughly e'^haust.d wjj

tralise the acid. The extract is i
, j^^j/^^tract, m its turn,

boiling alcohol of 90 per cent., the alconoi
acidulated

is evaporated nearly to
^^''y^^^f^^^^^^ iJ^!^^^^^

water [this acid fl^^-^ ^ wSh— ''''

with benzene, and lastly alkalisea witu



^^^0 STRYCHNINE.
3Q9

S "^TZ%^^ X'^^^^'S up with successive portions of chloro-form The chloroformic extract equals the total alkaloids wSmay be separated in the usual way.
'^^Jiaioias, wJuch

In four samples of nux vomica examined by Drao-endorff thptotal alkaloids ranged from 2-33 to 2-49 npr oLf o 1- ^' ^
in two samples 2 88 per cent pnd 9 Ra ^

i
^""^^^ ^^''^^

while Xarin!.W one^S^pts:;frated' o^S; Tr5;:t:^'ti

of oatmeal-iribout 5 3 1 °5
. / ""^^

^ ^b.

contains tte foZwing L^7^1J ^""^'^^'^ ^axdieu)

Strychnine,
. . ,

.

Potato Starch, .

'

i An
Prussian Blue, .

; ; J.'^^

1 '30 grms.

cent. 2 grams ot strychnine, or about 77 per

^s::^:^^,^^ «*rych-
•sold in threepennv ^^TT substituted for soot. It is
found to weigfa^lLchm ^3

8^^"^^ ^'^f'-
^he latter Taylor

grains (-13 to a 9 grmsT of JtST'^-' 2 to 3
atout half this quantT^^

strychnine; the threepenny packet

8iVen^P°M*,^'^°^ i° v. ^Fre^in wh oh 4? {"mmcd., i. 409) was of
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The amount of strychnine and brucine in Miller's rat-powder

by benzene or chloroform; if not pure, purification is easy on

-t^^XESnEngland,.durin,th. ^ve^. TO

Taking the deaths
^^'^^^^f^^^^^^^^

all

nux vomica, they are about 5 per cent 01

sorts of poison. Of these 79 deaths 67 ^^^^^^ J,,,
cent Avere suicidal, 3 were homicidal, and

{^J'^'y
"^ell. The sexes were -arlj

^^jf^^^^^^^
males, and 39 females;

^^^^^^/^S^^td tSy fiTe^ t^^^^^^

years of age, 39 between fifteen and thirty live, tne

from above thirty-five up to sixty-five
of poison-

Schauenstein has collected from literature L^^^
^ ^^^^

ing by fyet--' f30 aSTne-hri were fatal,

twenty-five years
;
62 of 1'3U

^^^^d that strychnine is so

and 15 were homicidal. It h^^^^^^^^ J^^^ to

very unsuitable for the purpose oi ci
,

^ j^^otbear
render it unlikely to be often used

^^1^^^^^^^^^^ t it must

out this view ;
for, allowing its,intensely b,^^^^^^^^^

be remembered that bitter liquids
^.^f^^^^^f'^^^^^ might

use, and a Pe^Bon accustomec to cW Si death before

readily imbibe sufficien of a toxi« H^^^^
Ts,^ indeed, capable of

^t^asti: ra^^Ji^ptce:::::^^^^^^^^^^
a very appreciable

interval of time.
w1-.^p1i mav for its pams-

§ 347. Fatal Bose.-ln a research, which ^^y
^^i^^^^^.^^

taking accuracy ^^^^^^A'^^^^^hlx cit;e o strychnine for

much light upon the minimum lethal do««
^ j \„ its size,

various animals. It would seem
^^^^J;

"
^^^^^^^^^^^^ ^as believed,

the frog is by no means so sensible to st yclinine^

and that animals such as cats and rabb^^^^^^^^^^^
by Falck

in proportion to their l^ody-weight^ The
^^^^^^ streugtb o

was to inject subcutaneously a
^f^^'l^J^l-^^^^ ^ known lethal

strychnine nitrate, and, beginning at first wiui



§ STRYCHNINE.
32 j

dose a second experiment M^as then made with a smaller doseand if that proved fatal, with a stUl smaller, and so on until

r; directX' T chan^es'ls c eterC d

r?Me "irBulS. /T"'''"'?'.''
'="°«"-'>-'»«- Oats we?e

HI a fro; by *yfhnf„/„irr'!'f ™ ""^ '"""iS t„

caused death in ive divs *k , t ""P"'' Wio.
about tHe least fataufcrl^^^^^^^^^^

WrTaM?^^^^^^^^^^^^^^^ into the fol-

ing to%heir reUve iSfv^^^,"^ ^^-^^^ - order accord-

serrero±l7bTi^ ''a'"*"? ""fI? P^-e - this
few cases aS eco^rderi^rtS.vf.r because so
^'7 subcutaneous intct^ol ,5/^^^^^^^ ^'^^^ administered
observed poisonous iymlms b^

^nlenherg has
rogrms.

(^^ grain) and bflO Lrms ?about'
' 6

served poisonous symptoms f^omX = f * ^T'^'
^""'^

nunistration of 8 m^rms Z ^ oh^^rl
subcutaneous ad-

to another child four years old ^hf, 1^'',°^^' ^
«orded by Christison actuallv

^ose, in a case re-

'^f-
On the other hand thJ « i7 f ^^^'^^ ^^^^^ «f

adult was swallowed in olution^i^'^W^"^ by an
" a grain) of strvchniU c, ? w P""' Earner took 32 m^rms

P^ate, aid dieril^^rentyt^n^^^^^^^^^ --P^-« -I"a gram) have been fata/ T^^^e slfet^Ufdl

•
"""^ (•972 grm.) have certainly Se so

^''^'^ ^'"^"^^^
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TABLE XII.-ACTION OF STRYCHNINE ON ANIMALS.

Animal. Manner of Application.

Ileckoned on 1 Kilo, of

Body-weight.

Lowest
Experimental
Lethal Dose.

HighcBt
Expenmental
Lethal Dose.

Rabbit, . .
Subcutaneous.

Cat, . . • J)

Dog, . . .

)1 . •
•

Taken by the Stomach.

5J . .
•

Rectvim.

5 5 . .
•

Bladder.

Fox, . . .
Subcutaneous.

Hedgehog, . )>

Fowl, . . • 5>

Frog, . . • 5>

Mouse, . •

Ring Adder, "

Dose of Strychnine Nitrate In

Mgrms.

0-50

2-0

5-50

1-00

2-00

2-36

0-60

0-75

0-75

3-90

2 00

100

2-00

2-00

2-10

2-36

23-10



§ ^^^0 STEYCIININE. 3J3

68 kilos (150 lbs.) Taylor estimates the fatal dose of strychninefor adults as from 32-4 to 129-6 mgrms. (-5 to 2 grains^ Guyputs the minimum at 16-2 mgrms. (-25 <.rain)
'

'
^

JZ!^,^''^T
of strychnine maybe recovered from if correct

TblfTnstancer'"*
" % Prompt. Witness the remark-

t.nii^ • • i^'',
"'^'"''''^ «^ ^"Plex poisonings, in which thewould-be suicide has unwittingly defeated his obiectCtakW

STook '^gTr o"m' ' Tf""'
p^™-

nitrate dissolveTin about™0^L I ff ^'T'^
strychnine

then after half IrTJ, •
^^^^'^^ almond water, and

2ad a fearful convuW^^^^^^^ pharmacist
lost consciousness r^Sn '/'"^^^^^^^^ suspended, and he
convulsions, and a pl^SS an who 1 '^^^'^^

general tetanus. tE weTe 1st Zi'^'^'^^f
^'""^

and finally opisthotonus was fu%^^^^^^^
consisted of emetics anrl of+.

"^^y developed. Ihe treatment
given separatelv. ThrlLI™™' codeine were
tours after the takinfnf tl.

intervals
; in ten

-as complete D?Mat;cl^^^^^^ '"^^'^ clay recovery
teresting case in whirr ft .

^ P^^""*^^ on record an in-
dose ofVchnTne^^t:re ctlS^^^^ -^y large
A young woman, WentyS !eaL o? r"""
0 A.M. a quantity of strvchm^/ . f P^^g^^i^t' took at

fonn of BWe/veLl^kniT ,
^"^ ^r^^' ^l^e

ounces of laudanuT^ SiT '
^^'^ ^mediately afterwards 2

^-"-.and tL TCsuSrinri ^^-dy in fou^
A sulphate of .i.?n^^ ^

P^«^«^^^«ed narcotic symp-

- - - ^^^^^^^^
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for several hours, and were treated with chloral. Becovery was

speedy and ««^Plf*f- . , , p^. Harrison * a man, aged 54,

In a similar
vermin-killer, mixed with about a

took a packet oi JDattie s ^^^^ '

the time he

drachm and a half of
^^^^^^^^^^.^^^^eenTink^g freely ;

yet

had eaten no food for days and
j^^^^^^;™^^^ in, ^nd no

fifty minutes elapsed before
.^^^^^^^^^^ ^^urs after taking

Sflt" Hr;tirg^nlw ^^d other remedies, and

exW—y studied on aU class^^^^^^ of^

l^^io.^. .hi^
infusoria upwards. The ^^^ects proau

possess a nervous system
^^^^'f'^^l^^^ observed,

eephalapoda, tetanic muscular spasm niay
^.^^^ its

Of all animals ^"^^ .^^^ f^^^l^l^^"ZL of just sufficient

purest form, especially if a close be i

•t^-' erfectly stiU

magnitude to produce toxic effects. T^^e ^lo s i
^

Suf quiet, --less acted upon by some e^^^^^^^^^

breath of air, a loud
°;,f",Xnir convulsion of all the

contains it, then an immediate tet^-^
^^^^^^ ^1, , the

muscles is witnessed,
^^f

'^.S
'^"losture. This heightened

.nimal again ^^^^^^^^ ^,f;^^[ore i^i

state of reflex action has ^^l^^J^hus poisoned by a weak

as in idiopathic tetanus. If the tro 1
^^^^itered from

dose is put under a glass
^^^^^J^^^^^^^^

convulsions occur,

te Academy of Sciences o-
f^l.'^^^^^^'^^^

that, witi^

has confirmed the
^^^^^^^ff ?Jja^VeT of strychnine may be

artificial respiration much
lXf^^uSel^.ormal conditions, and

taken without fatal ^^sult thax^ unde^^ o
dogs

has also recorded some peculiar pljenomena. 1
^^^^^ ^^^^

and rabbits, after first securing a canula in
^^.^^

iniecting beneath the skin oi i to the sa^
_^ o

of strychnine hydrochlorate, the anm
^ .^^^ a,,d th

withi/a few seconds, seized wita t^^ainc ^o
^ifieial

attack would be mortal
^^H^^IZ.^^^,^ and the heart, af^^"^i:^^ " ^^"^

Comptes Bend., t. xcl., p. 131.
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rhythm Stronger and stronger doses may then be injected
without causing death. As the dose is thus augmented, the
syniptoms differ. M. Richet distinguishes the following periods •

-(1.) A period of tetanus. (2.) A period of convulsion, charac-
terised by spasmodic and incessant contraction of all the muscles.
{A.) A little_ later, when the quantity exceeds 10 mgrms. per
falo a choreic period, which is characterised by violent rhythmic
shocks very sudden and short, repeated at intervals of about

e^ltp?r
^^^=°^ds; during these intervals there is almost

«?tTnp? ,

A period of relaxation; this period isattained when the dose exceeds 40 mgrms. per kilo. Reflex

"^e\iUr;^W '
/'^ spontaneous%espirW movement^

tSo • '/^f^'^^^^^^'^y
^^^^ regularly in the severejtoc convu sions at first, and then contracts with frequency

mtrtn^Tc^^^^^^^^^^ Th''
pupils widely dilated at first, LoZ

^^"^ arterial pressure, [enormously
,
raised

jchanl anr]r?n .T'
temperature undergoes analagouscnanges, and during the convulsions is extraordinarily elevated •

0 36^
even attain 41° or 42°, to sink in the period f'^rSrat on

^ uiiefnf rV^^^*' ^^^^^^ thus' received enormous

ITltTff
strychnine

(e.ff., 50 mgrms. per kilo.), may, in this

inT' f interiuptiL to the

and death ^ '
""^^'^''^ ^^^^^^^ed by syncope

^ylvtoLTj!\Zf"''-\^^^^^^^ commencement of

deficientTthe fo.J. T.l^^
'^^'^^^'y being mainly

tion. A soluble sll ofI ^^'''""^ ^PP^^^^
act withira few 1/ fY'^^'^' "^^''^''^ subcutaneous!/will
' - SchSer ? 5 1

a case of amaurosis, related
* mgrms. of a solubln strTrr.!.,.;,,^

.
'i*ntroduced 'into thrT'-,'^ ^;

'."^^^^^ strychnine salt were
minutes the^e were f^'^^^TV^^^'^"^^^^^-^^ ^^'^^ ^l^an four
•elated bv P....!.! 1„™, convulsions. In a case
^om a die of 37 ^J^^T^' '^-''T"^?^^

^^^'^^ ^^^"^^^^
lot administered Lf ;

(^^^ grains). Here the poison was
"tnesswS .

^^^^ Pe^ods, to a
"^nediate On he Itb ""T^'f 1^™^^ ^^S'^* «eem
"^Pn taken and wt I

^^'""'^ ^«n^iea powder has
^e sucir U^'lf^^^^^^^ in the form of
the u uLl 1 .^las been observed, or is likely to

'itWnhalfan hoi,v t!
-^"^^ symptoms to commence

• r, „„. „[ „
° " P°««Mo fo"- tliem to be

I
y iaylor from i¥«i. Times and Gazette, July, 1861.
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+^ +wn limirs and under certain circumstances
delayed from one ^.^ ^J^vXcrX) for eight hours. In a few

(as in the case
^^^^^ ^^"^^..ea and heightened

cases, there is first a
l?^"-^P . feeling in the muscles

sensibility to generally the

of the jaw, and a catching of f^P'^f g„ |nd previous

onset of the symptoms is as sucklen as epilei^sy an^
p^

to their appearance
^^i^ P^^^X^^^^ - ^

vocation, when, without P^el™^^^^™
^''e^.nre. The convul-

ing of the whole frame, and y^'^™,". the Umbs are

sifns take the form o vi^j^-^ S^^^^^
l^e cSnched, the soles

stretched out
^^"^^YT^I^i^ le^^^^ the paroxysm, the

of the feet incurved, and, m the nei i

back may be arched and
-^gj^^^^^^^^^^' the grasp of the

head and heels, and the abdomen ten^^"
immovable, and

thoracic muscles the walls ofj^^^ f̂ ^^^^^ ^^e^^^ies congested, the

from the impending
^^^^^S^ the lower jaw-in

eyes prominent and staring^
to rafect^d-are in^strychnos

"disease tetanus the first to
^^^^ if it ^ere more

tetanus," as a .^^^^^A^^ Tj^e convulsions and remis-

constant, of
g-f .^iX^r rSo^^^^ a rule, within two

sions recur until death
«^^^^°f ^l^e

' jnptoms the case m
hours from the commencement «! the

^y^p

some way or other termm^es.
J^^^^^ third spasm has

seizures noted has
T^^^^l-^'.^ere^^^^^ been a great number.

passed into death m others t^eje have
^^^.^^

We duration of the spasm IS also vei^^^^ ^^,,,1

and well defined the picture of
^^^^^f""""Jl -^^^ ^hen a medical

Jakes in diagnosis are rather ^^^^^^^^^1 case of simi^a:

man is hastily summoned, has
'^f'^}/ -^i^ nature of thi

poisoning, and has no suspicion
f

^he P^s^bl

Lzure. If a young woman,
^^^^^''^'l,,,-,^ not unfrcquentb

put it down to hysteria
^^^^^^^^^^^^^^^^^ In a painful case u

Effects somewhat similar
^^^J^^^^^^nc^ woman either took

which the author was
^^^^,%ie^red up fuUj) ^ f

^as given (for the
oIiX hrsy^ptoL wei'e well i^a^^^^^^

dose of strychnine, and t\o"f
J^J^^^^^^^^ the view hat



j

^^^1-] STRYCHNINE.
gj^

examination and finding no adequate lesion, he theorised Mthe possibihty of some fatal hysteric snasm of^hTt?^^! ^^

&tiSt"reLrof^^^^^ ^^^y^^
I

poison, perhaps secreted byThXdt^^^^^^
'

distinction between idioDathiV .Ll ?^ i

^'^^

usually laid down (1 S^ TnL^^^^^^^
-

I characterised by no^^laxation of tS '^^/eks bntTfI contmue contracted and hard • and (9\ J?,^! f,
'

rise of temperature in disease teti.L ^ ^°*^ble
> strychnine tetanus Boih ItT . ^ot in

> latter is not truJ, for t trvS^^ "^-^ inxsleading, and the

.
is not constant, and very hi'h ^r ^T'''''^-

relaxation
. been observed ^ temperatures m animals have

anixnal is cut h ^t" th^Me" t^^'"^" of 7n
convulsions, but if tge 'artry of the ^- -^^^^^^^
leg suffers from the muscX snnl ^ """.^ t^e
I^Wch the circulationT unrestrained ^'t""""Dr. W. B. Richardson a healtW 1

experiment by
practicable, a solutTon of s?S ^«
ystemic vessels by the aorta *^r«^^gl^ the

f and rigid as I lolrT^li ^^^^^^ —
lie spmal marrow as the seat of tL ? ^ ™istakably to
^.^'^^ eo^cefenc, a spinal poison O^^ ^'^J-^^^^^

-
.ray substance of the cord

P^siological grounds, the
^tio^ upon reflex sensMitv /'f?-

*° ^^^^^ inhib tory

Much'^r
^ strychnine

'''''' i^Iiibitory power is

* Op, cU.
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, 1 J. 1 iw lid of which artificial

averted - ^^'^'^'^}'^X^J^^^^
respiration inight be carried on^^^^^^^^ by muscles

to the enormous mterBtxt al c^^^^^^

violently tetanxsed
^J employed artificial respira-

a dog a mortal dose oi
^^[y";^^^^^^^ twenty or thirty times a

tion according to f^. ^^^^^^^ at the end of ten mmutes

Hiinute, the animal dies
fj^^^^l^^, two), and during life

t'^rS^^^tl^^ ascertained that it is

black, absolutely.like venous U^^^^^^^
considerable rise

This view IS also ^^PP°^'"^^
^i, excessively poor m

of temperature noticed:
J3

°oa
this state of the

oxy-en, and loaded with f
^1^°^

by the fact that an

is produced ^
animal poisoned by fy^^X'ufficient to paralyse the muscukr

with curare in quantity
.1

Y^^'^.^omena. By the aid of artificial

system, does not exhibit this phenom^^^.^^^^^^
^^^^^^^

respiration, together
^^*^,.X,^ a„se of strychnine.

Sal may live after ^ P^SuUy of strychnine on

Meyer* has of the ya^o-

the
blood-pressure-through ^ f^^'^^-^ .^^bre, and the blood-

Ur centre, the a^^^^^^^^^^^^ the heart in frogs is

KXbuuftr^^^^ butlittle character-

§ 352. Post-mortem ^Pi^^^^^-T/i";,' strychnine poisoning,

istic in the post-mortem -m-l'r^l,^'Ze lZr death" and this

The body becomes very ^^^^ ^^^^^^^^^^ In the notorious Pahner

riaidity remains generally a ^onS^^^
^,^th, but, on he

case, the body was
"S^^Vrhas betn known to disappear withm

'other hand, tlie
-^/^Y/^^rconvSns have been ^-iolen

- f
^

twenty-four hours. It the convu paits. i

empty and
'""S'^^i^.^.^.tein has recordedt ^^^T^^^X

^ut this is very unusual, aud^^^^^^
said, should P

Wiener Akcul Sitzungsher., 1871.

t Op. cit.



§ 353, 354.J STRYCHNINE.

take is very clear As 1 '^.f ''^^f
^^^^^ ^^^^I'^li treatment should

probabilit/ of any of th^ nn' ^ ^« ^^ig^test

Lhouldb^erLoTed either bT^^^^^^^
«t«-ach

pump. Large and frequent dol^ ? Ti'
^1*'"' ^t^^^ch^

stered in ord^er to iLsenX frtuLcv T""' f''''''

their occurrence, and it mav bfrj
death threatens by ulcJon toT f'^ T ^ f^^ ^J^ere

.
use^ artificial respLtion W^^^^^^^ S ^^^f

eotomy, and to^

at hand, and incases of emer^cl 1/' "'"^"^^ ^ot
iiappen, the medical man easily
nearest narcotic at hand * ^-^^minister m full doses the

strictly on the^^eneml^
happen, however,"that in Sses ofZ.r^T\ ^^^y
evidence from symptom? inX f^^

'''''''- strongest
alone is to be ^sougKr 1^^^^^ '"^"^'icomplex organic liouid (^Zh \t '"^^^nce of the kind if a
under examination?" ii best To

" «^ stomach is
filtration through glass" '^o or HneTf?

^^'"^ -bstances^by
dryness over the water4atradclifv?n^^^^^^

evaporate nearly to
exhausting the residue repeatec v^^^^^^

^^^^ then
'^ent. The alcoholic extract is in ifTJ

^'^"'^ «f §0 per
ind taken up with water TbV! evaporated to drynesl
-t filter, an'd thenlhtken ujSe'trpetroleum ether, benzene Ihlorofn.

^^^^ession of fluicfs-

f^^^e from the acid soEn Tl I
^^^^^"^^^

y be removed by petroleum Pfi
^'^^'^ ^^eohol may

nal extractive (which shou r] ] . i

^""'^ °" removal of the

recipitates the alkaloid in tZ l ^^^^^^^ed by ammonia, which
SSr-^.Pro'^ess be'^^^i^'^d^^Sls^ ^^-^^^
«l then chloroform—tbp i, •

ammonia added first
it has tim. ™JumfaCSr T^''*""^ "'-o'^'
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Wene, and recrystallised severaUi.es; tHs by practice can be

done without any loss of
^^^'^^^^ of strychnine in the

Should search be made of the poison which may

tissues, considering, the small amo^^^^^^^^^^ P
on a very

produce death, it
^^^f ^^ulTb^^^

"^^^''^^

Lge quantity of
^^^^^tmin sZafcord, spleen, stomach, duo- -

^^hole of the liver, the bram sp^^^
^ obtained, and a coa- -

lenum, kidneys all the blood hat an
^^^^ ^

ToL cork an upright—
e^^^^^^^ of a size to undertake.

Should the analyst not
l^^Jf^

^PP^
separate portions-the.*

thfs at one operation it may^^^^^^^^
ii a flask, ajd<

filtrate from any
f ^ used for the next. In tbjj

the spirit distilled off m order to
^.^^^^^ ^^'^.^'S

way, a large quantity of the organs
^^^^ ^^^^^^^ ^

-hv half a gallon of alcohol.
^ gentle heat m a

Slecf off, and the remainder evaporated at a
^ ^

''''
-

I is possible to miss the VO^^on ^^-^^ con,-

§ 355. Strychnine may ^^^^^P^
^t^ bulk, acidifymg ^

oentrating to -'^<^f^^^^f.\''Li^ture of equal volumes o

sulphuric acid, and filtering ,
a

alkalised bj

:S and chloroform is

^^^^f^^Sl^^^^^^^^
-^-d,-

J;

Soroform, and xt offJ,yf^^^^ ,i,,e with concentra^

The residue is

^^^f^^L-bath,
again -ade alka^e ^

^ulnhuric acid on tiie ^^-^ ^ i chloroform extiaoo

rZoted by p' 0 Se, and it m.y l>c converts"

S'lrBo—
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and a half after taking stryclmine, yet from 200 cc. of the urineSchauenstem was able to separate nitrate of strychnine in3
on The l^f:- ^.t-^^t-1 "^^^ -searlhes

ll}lt T l
^^'""^ strychnine is excreted by thekidneys._ In two patients, who were being treated by subcutaneous injection half an hour after the injection of 7 5^m "rms.of strychnine nitrate the alkaloid was recognised in the urSeThe strychnine treatment was continued for eight to ten days*and then stopped

;
two days after the cessation? strychn^

arawn is that the elimination is complete within forty-eight

Strychnine has been detected in the blood of do^s and r-«t. in

rnrat;e^s^h:f^^^^^^ r p-to'

DragendorVt '^^^^^^ clnJlT
^^^^'^^^ ^rent cause,

dailf On tL^T.f ?^ }^ ^^"^"'^ ^"''^^^ d««« «f strychnine

S; but later^t w^T 1 r/." ''^y^^^^^- -as found^in the

held ' M'Adam ll tt tf' "T'f^ ^^^^

poison, reco.Sn7ff in tbp 7^° ^f*'"**^^
absorbed

horse, and aCSVe ,"iul ^"^^^^^^^^^ \ P'^^^'^^^^^

it in traces in the kidnev^Lll ^ Dragendorff has found

strychnine is an extremplv «foKi t? I
evidence goes,

putrescence wiirdestrr i M< A^f'^"^^^^ ^« ^^^o^^* of

'monthafterdeath aSa^]„,V It ^T^*^ ^ ^
fifteen animals forty th^p! ^ I^unneley in
^ere much decomposed 7' after death, when the bodies
'tement; andTasSv Rti.^^' ^"^^ ^^^^^ -eeks in-

.ears to decomSe^^^^^^^ tissues exposed foremen

4ctL^tf;tw^ f^-loid.~K residue containing
(!•) By it.

'*7<^^nine mixed with brucine, is identified-
"

tance cL IsImv^'i ""^f'^'l
^^"''^ ^aste. No sub-

atter.
P'''^^^^ strychnine unless it taste markedly

+ ^^'t^lAlT^'^'^i'' ^^-^ 2, p. 620.

21
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322 i •

(2) By the extremely insoluWe chromate^

gives iitli ohromate of potash
^"J^^ „eept those of lead

LrM precipiW"' f^'J^'S- of whi* ™n possibly occur it any

and baryta chromates, neitner oi wix

of the processes described are follow^^^^^
^

plate with a drop of pure swon^" F
rapidly makes its

Lour, passing^ *^r^-\PStin" nter^^^^
colours, aptly

appearance. Dr. Guy, ^^g\^^^;^Si^^^^^^^^^ blue of the Orleans

compares the
\^7^J^>Je of the mulberry; and (3.) to

plum; (2.) to the darker P^^Pj^
^^^^^^ These characters-vi^.,

the bright clear red of the sweet oran=e
, ^ i^^tion by

alkalinity, bitterness, and t^e V^^^J^^ ^J^^^ the crystals

potassic chromate m other substance known

lining the colours de^ai^^^^^^ ^^^^.^^,1^ identify the

save strychnine, and tor

alkaloid. Other tests are as ^Hows^
^^^^^^^^

^.

rpTarP-icle o^ leaa, or pero.de of

manganese.
. subliming cell has been already

(50 Its behaviour m ^^^.^^'j^''^ of the sublimates or to

described; tests may ^__^/P^f^,f„rTposed to treat a sublimate

the substance itself Dr.
^^J^^ f^^'J^^^^ acid,

%f^^

with a drop of a solution of dilute P;; spots shoj

and one eminently characteristic
^ ^ ^i^^te strychnine-

(6 ) Letheby's galvanic colour test
.

it
^^^^^ ^^j^^ion.

residie, obtained by the evaporation c^f a drop

S stychnine ill a cup-shaped^
1^^^^^^^^^^^ J ,^^,,, ,eid

^?

^^^^^^^
(7.)

Sonxienschem^^^^^^ the colours produced ar«

sulphuric acid as a test tor b j

_»-Q.i per ccot

„ 1 -QSO m-ms. of the clu-omate, - /
o i j^,.

>
1 grm. of strychnme gave

J fJex^^l^.te. =78-77 pcr ceut. of sto

of strychnine ; 3 gave 3 8 1 1 oitne

—Mohr.
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a beautiful blue passing slowly into violet, and terminating in along-enduring cherry-red. °

These colour tests are supposed to be employed upon themore or less pure substance. If, however, strychnine be mixedwith no great quantity of starch or dextrine, tartar emetictartaric acid, or argol, it will still respond.
'

..^.T^""' ]^ quantity, renders the tests for strychnineuncertam; but, as already pointed out, the strychnine may Seconverted into chromate, and thus separated from bruXe The

brucme to interfere seriously with the colour tests. In mixturewith santonin it is easily detected. Dragendorff obtainedevidence of its presence when only so small a quantity as 3^S- r'J^rr'-.^'' ^^'^ quinine annEhoninet can also be detected Dragendorff washable to render evident02.5 mgrm. mixed with twenty times its weight of quin sulphatethe same observer likewise recognised m m<rrm nf^'J^Sh
'

m thirty-three times its weight "of cafeine Te^atr^^^^^^^^^

when the proportion was 1:2;^ Im wh n ^i™'

the ordinaiy tetanic svmDtor, tT "'^

t
^"""^ ^^iducing

that if definite chemLfe3e^^^^
niay be at once observed

the physiologicalTest is a ?i ,

'^'^^^^^^^^ been obtained,

hand%Luld\re aPDlicat,V>rnf r''^
«^

induce tetanus,^Xetilf eZLl' ^'^T ^

strychnme was wanfino- ,-f \
«viuence ot the presence of

sti^chnine was pTese^^t 117^^^^^^ *° ^«««rt that
toxin, certain ofthe

'

Turn Pi^^ro-

and many other substnX^^
alkaloids some of the ptomaines,

' -ethod fif the testirus^dt^^
sjmptoms.; The best

'^Bert under the skin of he one the needlo f
^^s^t and

?3?^ge, previously charged wMi n ^^l . «V\'''^'^^*^^e«us

'J^jefng a moder^e qYantily The 0/^ *^^«^bstance,
'

-^arly . ..^y diLel^futioJ.^^^r^f^
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„e then pWed unde.

espeluy in dealing wi«^^^
§ 357. Brucine (^23^26^^ 2!-'4)T o^*^^

•

^j^^ so-called

in the plants already mentioned its best ^^^^^^ Its

false algustura b-^'
-^^VXryXi^^^ '^'4^1^ out of

action is similar .^^'^^^f^r'^t^ easily expelled either

dilute alcohol it contains 4 atoms of
-^^^^'J^^^ ^alUsed thus,

in a vacuum over
^^l^^^^l^^f,^^^ forms, like

acetate, it presents itself - -e^^les
has fsolubility cUfferent

, The recently--^^^^^^^^^^ 320

from that which has efflorescea, xne
_ ^^^^^^

r* "I- f?o Me« ^and «>f) -^ire. 500 of. boiling.

(according to Jr-eiietier duu
or,lnti'nn Brucine is easily

Ld 850_ parts f ^ ^.f^f /ri^^trdiy, ak^^^^ 1 part

soluble in absolute, as well as in oi
Petroleum

dissolves in 1;7 of c^o^^ttv ' oi and 'lycerine, dissolve the

ether, the volatile and \tty oils anci y ,

^^^^^^^^^

alkaldd slightly, amyl a^^ohol freel^^^^ xt^s -^olub^ J^^^
^

ether. The ^
described at p. 244. i he aiconoiio

_ The taste is

plane of polarisation to the ^ett [aj^ -
| recognised

Stter and acrid. Soubeiran -7^*--
^^^f o Zier. If°nitric

if one part is dissolved m 500,WU Parts o

trioxide be passed into
f^, ^^^f

^^^^^^^^ ^s a^^^^^^ into solution,

brucine nitrate is forced ;
but this P;--^^=

^i„,,.,ed precipe

from -tich, after a tm.e a ^-v^
^^.^^^ H^NO,),N,(^^^

tate separates: it consists 01 u
.^^^ ^^j. t^e

Bruci/e fully f^^^^^^^^J teu'al^^^^^^^^^
(0,3H.35N.O,SH,0,

"^S£t)"r f ong neXr^asily^olubl^ in ..ter. The

a'cetS^sUt cr^stalUne, that of strychnine is so (p. 300-

* Methyl strycluaine, as ^^^X^^^^IV^

but not confinned.-F/ta'-m. Journ. [3], vi.,r-



§ 358.]
BBUCINE.
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J^:j:'tet:j: «^ -its of brucme are-
of potash, platiSc HorMe a^dT]t.?''"^ sulphocyanide
alkaloidal reagents.

^"^^^ ''""'l^^^ general

§ 358. Physiological Actiooi—'^j^o e^^spn+Js,! rin'ffthe action of strychnine and ^hZ J^ -
difference between

.has yet been deSXated save in .
^"''' ^^^^^^^

intents and purposes - P^^^^s. To all
is a dilutedr;Sr^^e^X^^^^^^^^ ^---e
compared with strvchn tip^L I ^,

brucme, especially as
^- A. Palck.* SxperiSentPd r^",^^"^''^?^

investigated by
cutaneously brudiie StmS t i ' 7''' ""^^^^^^^ ^^J^cting sub
100 mgrms^^downTo toT^C pe'Slo "^^^^^A^fg-^^^d^'
found that brucine prese^C three stif'""/

body-weight. He
&st, the respiration is qutkened i. ^^^f

Ptoms. In the
strange injection of the\lC nkked d? ^
pupils may be dilated. In The second ^J^""^^^ ' ^'""^
convulsions, trismus oni.thnfnL ^^^^^^ tetanic
dilated pu^il. InVe^tltS Thrr' 7^?'^^*^°^'
I'alck puts the minimum lethafZi t ^^f^ moribund,
per kilo. Strychnine kiHs S Ofi /- ^ ''^^^'^^ 23 mgrms
the intensity of the action o^ T "^""''^^^ ^^^"^ brucine
trucine bei^g as 1 :Tl 4 pSci f *° «f
'mmimum lethal dose of stryknine Ld ^ '° ^^^Pared the

opium alkaloids, as shoCrthTLtwtg
tible '-^.^

Jlimmum Lethal
I )ose for every

liilogram Weight
of Babbit.

0-6

14 4

23-0

29-6

51-2

20.3-8

Stiychnixie Nitrate,

Thebaine Nitrate,

lirucine Nitrate,

Landanine Nitrate,

-odeine Nitrate,

lydrocotarnine
Nitrate,

24 0

38-33

49-33

85-33

339 -60



for an adult man would

brucine nitrate

Fig. 15. (
From a Photograph.

)

reaction with methyl io<i^^f •

'?i,ie is added, at the end

agent it produces a scaiie
.^^

y^^^'^T" =t for it i

iSto yellow-red
_ gan a mere colour test foi

be made something
^^l^.^^^l ^^^y from the action ot^

possible to o^t-^-,;;\y?if7the U^^^^ be put m a tcst-t

acid on brucine. it a im^^
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and treated with nitric acid of 1-4 specific gravity (immersing
the test-tube in cold water to moderate the action), the red colour
is produced. On spectroscopic examination of the blood-red
liquid a broad, well-marked absorption band is seen, the centre
of which is very near D. [W. L. 589-4]. There is also a develop-
ment of nitric oxide and carbon dioxide, and the formation of
methyl nitrite, oxalic acid, and kakoteUn (0,,H„«N„O, -i- 5NH0
^ G,,II,,-N,0, + N(CH3)02 + 0,lip, + 2N0 f211,0). On diluting
abundantly with water, the kakotelin separates in yellow flocks
and may be crystallised out of dHute hydrochloric or dilute nitric
acid m the form of yellow or orange-red crystals, very insolublem water, but dissolving readily in dilute acid. On removal by
dilution of the product just named, neutralisation with ammonia
ajid addition of a solution of chloride of calcium, the oxalate ofhme IS thrown down. The nitric acid test is, therefore, a com-
bined test, consisting of—the production by the action of
nitric acid, (1.) of a i^d colour; (2.) of yellow scales or crystals
insoluble m water • (3.) of oxaHc acid. No alkaloid save brucine
IS toown to give this reaction.
There are other methods of producing the colour test. If atew drops of nitric acid are mixed with the substance in a test-

w' Ipli^ric acid cautiously added, so as to form alayer at the bottom, at the junction of the liquids a red zonepassing into yellow, is seen.
'

A solution of brucine is also coloured red by chlorine <^aslammoma changing the colour into yellow.
^^^orme ^as,

Fluckiger* has proposed as a test mercurous nitrate in

:rTrnTtr'"'rr"''\\^'*^-'^
'^^^ -i^- ^^^t^hi

I reagent to a solution of brucine salt, and gently warminc a fine
I carmine colour is developed. ^ warming, a Une

""^ff^
*° separation of brucine from organic fluids ortissues, the process already detailed for strychnineSee? It is

IrZr^' ^niportance to ascertain whether both strychn ne

•brucine mav of Z f P^^P^^^^i^^^- The presence of

fonn?in?hJV ''•^".f'^ f^}^g
t« implore strychnine; but if

appears thT'^ i^""
^^^^""'^ little studied - it

extract of
^^^^^^"'^ fr'^"^ tJi« boiling-hot waterv--tract of nux vomica seeds, through precipitatin| the 7^yZ

* Archivf. Pharm. [.3], vi., 404,
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cent, of water of crystallisation

boiling wS^s^SsU hard,
-^.^otca" e^r^S'sTet

*°-"e ij'Tirid'' b ?th"lor/^^^^^ was altered

ffltered,a^dthereBjdne to^^^^^^^ -^^^y^^ „f

S^c^'sTAilSronf gi!^;;s:brn:e as yet imperfectly

studS, Ji probably identical with mal,c ac.d.

^ THE QUEBEACHO GEOUP OF ALKALOIDS. '

|

5 363. The bark of the ,"J1f,tC

ots=^s|s:^^^^
i^^^ffn^'^'Thl^^^^^^^ about 6000 parts of water at

melt at 206. iney aissoivc
onrl 106 mrts of pure ether.

U°--48 parts of 90 per cent. ^l^^^^J',^^^],-^^^^^ acid.

The alkaLd gives a magenta co^^^^^^

Quebrachme (O21H26N2O3) .^^^'^''''Lo^x 215°. The crystals

melting point (with partial
.f^^^^^^^^^^^l^^^^^^^^^^^ i,, cold alcohol,

are soluble in chlo^^^^^^^^

but easily m hot. ihe
, , ^ It also gives with

peroxide of lead, strikes a b a^^^^^^^^^ lour^

sulphuric acid and V'^}^^^^?^^'^.?^^^^

Quebrachin., dissolved in sulpkuuc co
^^^^^^^

violet-blue, passing.^*"
,^™brown; ^ crystal. of

;^=ic«aZ^eSiE^pt^cSUr
CrS^ :ttU%he^":~oro?e—g these^

* Journ. Pharm [3], ^,^049-282 : Ber. dcr Deutsch. OesellscK U, 2189

;

t See Liebig's ^7ma/., 2U,-ilJ-^o^ ,

12, 1560.
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loids for toxicological purposes. He recommends extraction ofthe substances ^vith sulphuric acid holding water, and

bv nl.n?
/^Pidospermine is\ot extractedby petroleum ether or benzene from an acid watery

extract, but readily by chloroform or by amyl alcohol It
IS also separated from the same solution, alkalised byammoma, by either amyl alcohol or chloroform; with diffi-culty by petroleum ether; some is dissolved by benzene

ftm bt""' Tf^
be extracted from an acid solutio/by chWfoim but not by petroleum ether. Alkalised by ammonia it

tltZ ttetrol''''"'^^" ^-^^ ^^-^'l- Tracr'aretauen up by petroleum, somewhat more by benzene A^n^rln

3. PEREIRINE.

with's%fSi;,^a%t^^^^^^ - Pl^y of colours
Prbhde's reagent iSs^S ?t fl^l

*° ^^""^ °f strychnine,
dilute sulphuric add and p ecip tatLrbf.°on S° ^f^^^S perdrine in
a beautiful red, which on ^ c^lo^de, the precipitate is

-y be extractedt^n?aa^effSoXrnTnS '^^^^^^

4. GELSEMINE.

aving affinities with seveSl'w J^^^^^i^^^ a plant
Candolle amonl thffoZriY^^^^^ ^^'^ P^^^^^ by De

by Dec^nrammT fh? ^^^P^
Virginia and PlorX?^

npocynacec.. It grows wild in

*Dr T r
(-elsemine is a strong base; it is

fluorescent b^d^whinh fP^^^*^'^,' 1870, a non-nitroganised remarkable

;e Identical. with '£cT^^^^
^o^^-s afterwards found gelse4 acTt<;

yomJey has, however recen«v .nnf f J
1^76, 1182). Dr.
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pure. It fuses below lOU mto a ^^'^ i . ^ s . its

iiglxer temperatures
.^^

^onden e ou^^^^^^ m m
J^^^,

taste is extremely bitter
,

^^J^^/^^^^^^^^^^
turpentine; it

chloroform, bisulphide of
f^^^^J^'J^'XleU Soluble in water, but

is not very soluble m alcohol and still less so u
^^^^^.^^

it freely dissolves ^^^^ft^^t^owZ in excess; it is

with gelsemine a brown changing to green.
brownish

Sulphuric acid dissolves gel«.^^^^Vj'^^^^^^ warmed on

colour ;
after a time it -^^-^^^^^^f^ur] T. small crystal

the water-bath, a more or l«f ;,aTn the sulphuric acid

of potassic bichromate be slowly stirre m i

Solution, reddish purple streams - P^,^^ Ifmo^re piwptly, ,

the crystal ; cenc oxide
^-^f^^^^^J^^^^^^^ the reaction. Tins ,

so small a quantity as 001 gram snom^^^
^.^^.^ ^^^^ I

reaction is something l^ke^X,^tntsh-^^^^^^^

r?eerir-Arc=^^^^^
'

Jd 8 mgrms. a cat within ^^^^^ -^^thict ^^^^^^^^^ ^ '

an amount of
^^^'^''^'^f^^Z^^^^^ a half ho\rs.

.

11 mgrms. (i gram), and died
'^^^H^Tical Iciion.-Gelsemme

§ 366. Meets on ^»^^T:f^^X ^^^^^^ Drs. Sydney

actes powerfully on the ^^Pf̂ '^^^^^^^^^^^^

Ringer and Murrell"* found on OP^^^^^^^^^^^
slower ; in three

..inutes the breathing
^^en relcetby oi-^^^^^^ and in six

and a half minutes it

^^f ^^^^^^^^^^^^^^ of a quarter of an ho^.

minutes, by one-half; at the ^^.P'.^^^ . and in twenty

Twas o'nl^ one-third
.fj^^Jf^^:^^^^^^^^^

uo lou^J

minutes, it was so shallow and "-r^^ui
.^^^^^ they toimd

SLSf & tUei. toes .c. p,nc.«^

cotyledons much shelter tliaa tue lauccolate, shif'"" „ on(

petioles, nearly P««-f^^^^^f
'

vcs
lo five ia the axil of

«Jf
l^'^'T/g

• Lancet, vol. i., 1J>7G, p. ^i-J-
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days after the most careful observations had failed to detect
the existence of any respiratory movement. The heart was seen
beating through the chest wall long after the complete abolition

of respiration.

In their experiments on warm-blooded animals (cats), they
noticed that in a few minutes the respirations were slowed down
to twelve and even to eight, and there was loss of power of the
posterior extremities, while at short intervals the upper half of
the body was convulsed. In about half an hour paralysis of the
hind limbs was almost complete, and the respiratory movements
so shallow that they could not be counted. In the case of a dog,
after all respiration had ceased, tracheotomy was performed, and
air pumped in : the animal recovered.
Einger and Murrell consider that gelsemine produces no

primary quickening of the respiration, that it has no direct action
on either the diaphragm or intercostal muscles, that it paralyses
neither the phrenic nor the intercostal nerves, and that it
diminishes the rate of respiration after both vagi have been
divided. They do not consider that gelsemine acts on the cord
through Setschenow's inhibitory centre, but that it destroys
reflex power by its direct action on the cord, and that probably
it has no influence on the motor nerves. Dr. Burdon Sanderson
has also investigated the action of gelsemine on the respiration,
more especially in relation to the movements of the diaphragm.'
He operated upon rabbits ; the animal being narcotised by chloral,
a small spatula, shaped like a teaspoon, was introduced into the

I peritoneal cavity through an opening in the linea alba, and passed
upwards m front of the liver until its convex surface rested
agamst the under side of the centrum tendineum. The stem of
the spatula was brought into connection with a lever, by means
ot which Its to-and-fro movements (and consequently that of the
diaphragm) were inscribed. The first eff-ect is to augment the
aepth but not the frequency of the respiratory movements : thenext IS to dimmish the action of the diaphragm both in extentana irequency. This happens in accordance with the general
principle applicable to most cases of toxic action — viz , that
paresis oi a central organ is preceded by over-action. The^inunution of movement upon the whole is progressive, but this
progression is interrupted, because the blood is becoming more

mteTun ^^T^''^
phenomena of asphyxia are

the dru?7f ^
^""^'^^ Sanderson concludes that

procesfo?l
paralysing the^automatic respiratory centre; the

iSual and frf
^^''^ "^^^^^ ^« ^^l-^wise expected t^ be

mtervention ofTf7"' ^^^^^^^^ from being so by theervention of disturbances of which the explanation is to be
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found in the imperfect arterialisation of the circulating blood.

Ringer and Murrell have also experimented upon the action of

<relsemine on the frog's heart. In all cases it decreased the

number of beats ; a small fatal dose produced a white contracted

heart, a large fatal dose a dark dilated heart; in either case

arrest of the circulation of course followed.

§ 367. Effects on Man.—T\i& preparations used in medicine are

the fluid 'extract and the tincture of gelseraine ;
the latter

appears to contain the resin of the root as well as the active

principle. There are several cases on record of gelsemme, or the

plant itself, having been taken with fatal effect.* Besides a

marked effect on the respiration, there is an effect upon the eye,

better seen in man than in the lower animals ;
the motor nerves

of the eye are attacked first, objects cannot be fixed, apparently

dod<ring their position, the eyelids become paralysed, droop, and

canSot be raised by an effort of the will ; the pupils are largely

dilated, and at the same time a feeling of lightness has been

complained of in the tongue; it ascends gradually to the root ot

the mouth, and the pronunciation is slurred. There is some

paresis of the extremities, and they refuse to support the body
;

the respiration becomes laboured, and the pulse rises m fi-equency

to 120 or 130 beats per minute, but the mind remains clear, ine

symptoms occur in about an hour and a half after taking an

over-dose of the drug, and, if not excessive, soon disappear

leaving no unpleasantness behind. If, on the other hand, the

case proceeds to a fatal end, the respiratory trouble increases

and there may be convulsions, and a course very similar to that

seen in experimenting on animals. Large ^^^^^ .^'^^''^l
likely to produce tetanus, which presents some clinical diffeiences

distinguishing it from strychnine tetanus.
^^f^^H^^'^H

is always preceded by a loss of voluntary reflex power res

piratio/ ceases before' the onset of <^onv-l-ons he poster^^

extremities are most affected, and irritation fails to excite

another paroxysm till the lapse of some -conds. as f the

exhausted cord required time to renew its energy, finally, tne

rnnvulsions only last a short time. , ,

""Y^^Extralionf,o.^ Organic Matters cn^ ^^^'^
T^^^o.f^U^^

J5oV-Dragendorff states that, from as little as l^^l^ a gram

theioot, both gelsemine and gelsemic may be xt^^^^^^

with acid water, and identified. On S
^^^^ Hquid

acidified with sulphuric acid, and shaking
^^V^ and

with chloroform, the gelsem c acid
i^^^f^'^ll l ^^^^"^tio^

the gelsemine left in the liquid. The chloroform on e^ apora

* See Lance,, 1873. vol. ii., p. 475 ;
BrU^ Med. and Surg. Journ., Apnl,

1869 ; Phil. Med. and Surg. Reporter, 1801.
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leaves gelsemic acid in little micro-crystals
; it may be identifiedby (1) Its crystallising in little tufts of crystals /(2) i s stronifluorescent properties, one part dissolved in 15,000,000 parts of

addftion oTariTT-^''
flnorescence, which is incr'eased'^by theaddition of an alkah; and 3 by splitting up into su<^ar and

01 geisemic acid the gelsemme is obtained by alkalisin<x thpMi:l-tet-t&
reacti^^rplS

V. THE ACONITE GEOUP OF ALKALOIDS

hoi? oLdlb^S'^V'T;? " ''''
^^T''''"'

napellns-mon^,.

and one cuS~M S^^^^ --^^y,

naSve of the HiX': ruVtrs:t^rt^^^^^^^^^^
^

an^Z~iZe\S Z'^^''^
-tremely^i^onous,

alkaloids^^ The root of J i ^^^^^ f contain different

long, conical in shape bt^vn'e^tT i*^°
to four inches

The leaves are comTletelyTvidST t b"'shaped lobes, each of the fil i v. -
wedge-

three linear ^ejments The . .
' ^''''^

^J""^
^^^^^^^^^ into

irregularly twisted wrinkleS of rrTl'''^' three-sided,

one-sixth of an inch and tpLr,
^/J-brown colour, in length

-hole plant is one of greaHfai^f f
(^'^'•^)-

and having a terminal snS. n?
^' -"^ *° high,

^oot has been Sy S taken Z'S.""'"' ^^Teasily accounted for L^e no S^'f V ™
§ 370. FharmacTutica/ P^^

simi arity exists between them.

tionsofaconitHrdtfmtdSeTrr ^-^^^-^--The prepara-

'SrktiT P^arm7cop»ias.

-ith spirit, an fl .r:: «''°'^^'^^). ^ade fi•om the root
pharmacopeia 11 .

camphor; officinal in the British

evaporated. „fflei„a.
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p.B. tincture. . ,„ rnv,p 5,iVoioids which have been
? ^71 Thp Aconite AUcaloids.—ine aiKaioiub wuxi.

§ 371. I/ie AGoniw
^re—Aconitine, napelhne, acolyc-

stated to exist m^. napeLLus
first is considered to

tine, lycoctine, and -^^J^^ ^^^^^^^ acid {^,0,^.0,) ;

be in combination with aconm^^
4 .^-^ produced by

Z ^teSrab^^^^^^^^^ - ^

temperature
J™^^^^^^^^ the alkaloids contained

The researches of Dr. Alder w ri
^^^^

in the aconites have thrown ^^^^^
summary of results as

are of the S-^^V^"^^^^^^^^
obtained by him can, ot course

information.

ide" ith those -tfg in

AconUum napellus roots yield a f^ys^a^^^^^^^^
apparently not

(033H,3NO,,), of
|-f/fir5y iBe"er base, t'eLed by Dr.

all, contain m addition ^^^^axiy
besides picraconitine and

A.Vright Pier— i
P

He of yield-

^^AclJtu^ fero. contains
^^J^^^.t :^^^,,.. the for-

Wright gives the name of V^^-^^^^^^^^^^ apopseudaconitme

T h pWaconine' (0,,H,KO,) apopseudacomne

other—^^^^^^
alkaloid,

^ gonfining our ^^t^^,^*^"^ resemblance and dil-

AconUine and PseudacomUne
,,e both physiob-

ference between chloride,

gically active, and both give precip^^^^^^
mercuriodide, tannm,a

potassium ^^^'^o-^^^T^.^erprecSS^^^^^ of the alkaloids,

gold chloride, and
^^^^ '[^cSrs in its molecular weight.

^ From aconitine, P^^^^^^,«°^^^"^^^^^ at 189", pseuda-

and in its PTV^ '
'A

conitine at about 104 }-^}^^- ^p into benzoic ax;id

Aconitine by saponifying agents l^ieaKs ui

anfa new alklid, according to the reaction,

* 7oum aem. Society, I, 1877. p. 143 ;
H. 1, ISIS, p.

loL
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Aconitine again, crystallises anyhdrous
; pseudaconitine withone atom of water.

_
Aconitine yields well-crystallised salts with

facility; pseudaconitine, treated similarly, produces amorphous
varnishes, with a few exceptions-e.^, the nitrate.

^

Thi i .^''fri^ Preparations of Aconite.—The yield of total alkaloids from aconite roots is about -U percent when Duquesnel's process is used, but with the oldSmethods the yield is very small-..^., -002 per cent.-the heSdestroying most of the alkaloid. The approximate streSof tinctures liniments, &c., may be determined by MayS'sreagent.* Each cc. of this fluid precipitates Vg/ ofDuqnesnels or Petit's aconitine. The titration, accordingto Dragendorff, must operate upon a fluid containing about o^fpart of the alkaloid m 150 to 200 of water, and a first experiment is necessary in order to ascertain the proper cLief ofdilution. The reagent is then added from a burette and bv the

TprLfucStLr ^'-'^'^ ^ precipirat:trt

P.^^u^'^'i
"^^'^ *^eated with acidulated water

alcoholic extracts appea"tt cltLKU.rprce"SCommercial aconitine may be a=!qavprl +1,^ .

I

0-7895 grain lost at 100° 0-0335 _ . o
2-3040 grains dissolved in hyd'rochloric acid',

~

and treated with ether, furnished 0-010

Srl^- T'lf'
spontaneous eva-

poratzon of ether, consisting of resinous

,
rchuic::^/

'''''' climethyl-proto-

2-0230 grains, heated from 240° to 250° in a
"

wnl"?
^^^enty-four hours with

Tml n ol7'^^ hydrochloric acidan ether 0-3660 grain of mixed benzoicand dimcthyl-protocatechuic acids, with
trace of resin, . , . _ i o i

^M3-546 grmB. of mercuric cWoride and 49-8 potassic iodide in a Utre of
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On distillation with water, 0-002 grm. of

benzoic acid was obtained, melting at
^ ^^^^^

110°, ^
,

Total dimetbyl-protocateclimc and benzoic

nrids and resin obtained, •
•

Deduct r^^sln and pre-existing dimetbyl-proto-

catechuic acid,

Acids due to pseudaconitine and aconitine

present, . • .

•

Benzoic acid due to aconitme,

Dimethyl-protocatecliuic acid due to pseuda-

conitine,

Percentage of pseudaconitine, =
^l^ilt

Ditto of aconitine, . •
•

Psfud^conine and amorphous" unnamed" base.
^

&c., by difference, • *
; ^ and

K 373. The various lands of <^

^"""J^^''' ^ties of acouitin.-

F^tal Dose of ^^o-^-^-^l-
commer«^^^

differ from each other in
-VV^^l^^:'^^^^^^^^ action,

but not, as the researches oi ^J^SSy ,,.1,4 crystals, and is

The French aconitine nitrate of Petit is
,/ ^.onitine is

the purest of all and the
^-^^^f^^^^. fr/e^^s to approach,

pseudaconitine, a Yf^'^^^^ ^^^^ Other aconitincs are either

Lt not equal, Petit's in
^'^''^'^J'.^^^^^^ those of Merck

brown or gWi^^ P^^f^^-l^/J^'/^'J^,'^ e.g.,
Hopknns

and Friedlander-or t^^^P^^S^sess i^ ^1^, researches

& Williams' pseudaconitine. We possess tn = to

of Professor Plugge, * some very .exaci;

T 7 ISSo Trans, of Intcrmt. Med. congr

* Archiv dcr Pharm., Jan. 7, 18b-. i

1881, vol. i., p. 472.

18-1 per cent.

0-4
>

17-7

0-1 ?>

17-6 •)

70-4 ))

0-6 )i

4-2 >!

: 24-8 >>
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the fatal dose (for the lower animals) of Petit's, Merck's and

TABLE XIV.-FATAL DOSES (FOR ANIMALS) OP ACONITINE.

petit's crystalline ACONITINE NITRATE.

Animala Experimented
npou. Dose Given. Dose per

Kilogrm. Result.

A Frog, . .

A Rabbit, . .

A Dog, . . . .

4 mgrm.

•8 „

1-6 „

16 0

•5- -6

•21

Death iii 60 Minutes,

„ 30 „

„ 20 „
J) .... •45 „ •10

„ 140 „
5J • . . . •50 „ •054 Recovered.

9i • . .

A Pigeon, , . .

-

•60 „

•07 „

•075

•22

Recovered.

Death iu 21 Minutes.

MERCK'S ACONITINE NITRATE.

Animals Experimented
upon. Dose Given. Dose per

Kilogrm. Result.

A Frog, . . •4 mgrm. 16 Recovered.

J) ... 1-0 „ 40 Died in 110-360 Min.
" • . . 20 „ 80

75-l.SO „
91 • . .

A Rabbit, . .

40 „

3.5 „

160

2

"50
75

>> • . .

^ Dog, ....
A Pigeon, . . .

10

10

6^50

I^65

1-65

15

15

Recovered.
j
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FRIEDLANDER'S ACONITINE NITRATE.

Animals Experimented
upon.

Dose Given.
Dose per
Kilogrm.

Result.

A Frog, .
• 4 mgrms. 160 Pvecovered.

)S
...

10 „

20 „

400
1

800 y

1

Deatli in more than

60 Minutes.

)) . •
• 40 „ 1600 J

A Rabbit, ... • 6 „
4-11 1 Recovered.

)j , .
•

24 „
18-00 )>

5)
... 50 „

A Dog 28 „
6-00 »»

A Pigeon, . • • 10 „
33-4

The conclusions
^^^^f^^^^^^'lZs

"
Petit's aconitine is at least

^^S^^J^^^J^^f^i^X^^ FriedVander,

Merck, and seventy times more toxic
times

while Merck's "acomtine
,t§"^?.;^^^™^Ld to put seven

stronger than Friedlander s. ^e is^^lj^
^J^^^^^^^

commercial samples which he has
^^^ui^^e aconitine

diminishing order «f "^^^^ ^'''''^^^

nitrate ;
(2.) Morson's l^--^^%f:J:;i,tine ;

(5.) Merck's

:SnJ'iS^^^^ aconitine sulphate, and

,_ , • -n--_ J o/irtni+,mfi nitrate. ..J^o
aconitine niwaLB, V";/. ^^".7"

,

n \ Friedlander's aconitine nitrate.
i,^v,rpvpr made a

Hr::i study of Dr. Harleyjs -P— ^^^Sreuce
few years ago, I

VVtS^s and Morson's aconitine. Dr.

between the activity of ' ^na iuo
-j^t. and nearly

Harley experimented on a young cat
31^^^^^ ,tber

killed it with r^Woi a
S^dfed irseven and a half hours and

. .. 0» the Action and U.. .f Aoomtine," Tk,. H«p. "'T'"-



§ ^^^0 ACONITE.
339

Ww/^*^i4''''/''n.'^°'''*'^''' I'etit's. is some numberbetween -0/5 and -09 mgrm. per kilo.
^iumoer

Man is evidently more sensitive to aconitine than any of the

reTrde7lV m''""'1 P '
to

mm,^rl ' aconitine nitrate, taken by themouth, gave rise to symptoms so violent that it was evidentlya dangerous dose, while 4 mgrms. were rapidly fatalfburff mantook the same amount per kilo, as dogs or cats, he w^uld requiea little over 6 mgrms. to be certainly fatal. It seems to me fromthe evidence obtainable, that -03 grain (2 m<n-m^ U .hi',T
east fatal dose for an adult man ofstandirdTeS Thk d.IS equa to -028 mgrm. per kilo., and, of coure,TeL either to

officinal tincture, althou^^h variablP ?+ t^.
^'^'^ ^^g^^sh

puiposes be regarded araverlgSj'l' p^'r cent^of 'alk:[IS, m' every 100 Tinrt« Ktt * o* alkaloid—that
alkaloid bTweiJht and F^ri^^^^^^^

^'^^ \^ ^ P^^* the

one-third Longer conta^naTf.
tincture may be considered as

alkaloid. Ti.et:aS:^7:S:?tZ7B Zr'''?-r'
asfrom5tol5min.-equalto OOSto oTr'

''^^'^

tweVSours as fou^tirc^^^^ f"^'^*^ the

2 mgrms. (-OS^graS) o^ acon^i.^l
^^^^^^ «t^ted„

this'is equivalent to abltTfe Ao
'"^^ considered a fatal dose

or to 1-2 cc. (20mins )of riemf;
^^°,™) the P.B. tincture,

on these thLreTica
' ™rl? ?^ t Ti*"^^

gerous, and in the absSce nA '^^'^^^^ dose dan-
to an adult man The usual iLT/ T*°^f-t likely to be fatal

toxicoloffical wnT-t« I ^^^^^ '^^""^ l^^d down in medical
CO. (a drfchi) '

greater than this-viz., 3 75

- ease of a wol^L^S:Tr^
J^^^^^^^^.* Zance<, July 19, 1851, p. 56.
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'£^:T^^^^^r.T^<'^Sriora the effects of eighW
male, 01 x.um b

p^tpndinf^ over a period of four days—the

Cs^ratt^^^^^^^^ teJrops, the total ,ua.tity

.olid Vf^V^^^^l^lfZ f r;T:tisfactory preparation

irenath It may be taken to average about
varynag much m ^^^^^S*^^^^^

,^^e reasoning as before,

f '^"V.t^Ttm (ito! Irains) would be a fatal dose.t
On

from -26 to^^ grm. i^yu
^ ^ '^^^^ extract which is very

the o^^f p"r cent, of aconitine : 40 mgrms
powerful

ri:,^eScWould be likely to be fatal. With regard
(•6grain)of this extrac^^ J ^^^^ ^^^^^ ^ ^

to the
™«\f^^^'/f°,nhe average alkaloidal contents it is

•^"f'^Y^ 0/ ^comime on Animal Life.-There are few

§ 375. Meets V ^0 experimented upon m such a

substances wlach l^^^^^^^

,o lny classes of animals, as aconitme

therj^^t: ^^^^— sSrwHchte5^^^^^^ rglsatlon of the

lif^form
"X^Jy ^,de many experiments with the

Insects.—i- have receuty
Wnw-flies An extract was

^^'r r^'tZftTZ^y t^^t^^^ evaporate spou-

made by allowing the oj'^^'^J , ntmosDhere. If a minute

taneousiy at the temprature of the atmosph^^^^^^^^^

dot of this was placed ^^P;>?, fifSen to thiity

of the active principle
result. They con-

minutes, and very f^^^^^^
,^7nability to fly, and to

sisted essentially of muscu ar^
-^^^^^ J'

walk up Pe^Pf^^'^^^^.^r^^^^
curious entanglement f/Jf/g^^ ^^^^ muscular tmtchings were

proboscis; trembling of
^^/^Xsis terminated in from four

ll.o frequent., A
P;,«SX7ea,^^^^^^^^^ so gradual that

•

^t^
tfn;.f:rL event occurred, but^. -

* Mea. aa., vol. xxxv, p. 801. .uoted .y Taylo. PH. o/«

-\ a-S. is a case .cpo^ f^l'^S ? ^

grains of extract of aconite taken P ^« l^^j^ pharmacopcBia ; a com

!he medicinal dose, laid
fj^^f^^^g^^^'^ the use of these active reniedi.^^

tKlZ:ST£<^lt:£^e'^^' until its appvoxiniato sti^gth
plcte revolution la,

No extract or tinctu.v.

active principles is determmea
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delth^^r
"^""'^ movements of the body, and sudden

and Praag. There is rapid loss of power and dLinishedbreathing; the respiration seems difficult, and the fish rapidly

EeptUes-Frogs.-Tho most recent experiment on frogs arethose of Plugge,_and_ although his interpretation of the pWmena m some points is different from that of previous observers

d^e%KZ?r"\""T'fl"^-^^* expLtedTnotdiflerent from those described by Achscharumow, L v Praa-

"tfncrin fhe'^'r
found no qJklSditterence m the action of any of the commercial samples of

Jc^^d^tt t.e action of aconite

Nepalin). 8m Dorjat
^g^'^''"^'""^*". Aconitiuum anglicum,

fScSs7h^/ M^^'^kt^^^^^^ MontpeUier, 1874.

aufs Her. Biss.

^"'io^'-^'ZrimV''' ^^'^ Aconitia. St. Thos.

piT? a-i^S?^^^^^^ 8vo. Wien,1876.

that the% on ^oes'^n '"P""*!"^ 5^^"^^.^'^ °f "S^* ^alf of Sy ^
are curiously bTnt ?omard Tn^.T^' ^'1^*^°^' ^^^^ second pair oUeJ
Seventy.fiveminutes-flTvervfh^^^ "^^s seem fairly stronf
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to IT^Z ^l^ti.^^^-^'^ aJnitine in varying degree.

laboured, and ceases after a few minutes, the hearts acx

Ij electrical stimulation oV^^'^Sv furtLr ^^^^^^^^^^ be
cs^Tiim nor when once arrested can any turtaer ouuu
sinus, nor wne

^^^1^ apparent efforts to

temporaria. tie consiaers i^ubui
the surface

aco^iitine poisoning. A separation ^^^^^^^^^^^^^

dose Required to affect frogs, see
: PP^^f/

'^^^^^^^^^^^ of the

5iri..-There_ s a discrepancy m
^^^^^'JJ^^,^ the

action of aconitme on b^^ds. L-
J„ ^ ^^st while

respiration and circulation but
_

little ^Jfe;*^^/*^^^^^^^^ of

Achscharumow witnessed m Pg^^^^^/y^P^^^
il ^ay be

and convulsions before death.
arcordin" to the dose.

Mammals.-The effects vary
^^^^^^Xll^n their sides,

Very large doses kill rabbits ^^^^^^y- /Sl^^^ condition;

are violently convulsed, and die m an
'^^P^^^^'^^gg^.-ed arc

but with smaller doses the phenomena
f ^ eri-

^Lrally to be referred to
^^^^^^^^^^ XtanLus

ment on the horse. Dr.
-^f^^^ '''^'x' in a weakly colt

administration of -6 mgrm. (-01
f^T^/^^^l paralysis of the

some acceleration of the pulse
^^.f/

P™
g,^ J^^e animal

dilator narium. Double the quantity g ve^n to the^
^^^^^^^

some time after, caused in six bours ajicl
a
J^^f' ^^"^

^j^^ horse

weakness and an ev dent ^^-P-^^^^J^^^'^?^ given in

recovered in eighteen hours. ^ '

"^f™^;,^Suled, at the end

the same way, after a long ^^^erva
l

o^^^^^^^^
«^ the

of an hour, more Pronounced symp oms

commencement 50, rose m an hour and a nai
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respiration became audible and difficult. In an hour and three
quarters there were great restlessness and diminution of muscular
power. Two hours after the injection the muscular weakness
increased so much that the horse fell down; he was also
convulsed. After eight hours he began to improve. In another
experiment, 32-4 mgrms. (| grain) killed a sturdy entire horse
in two hours and twenty minutes, the symptoms commencing
within the hour, and consisting of difficulty of breathing, irregu-
larity of the heart's action, and convulsions.
The general picture of the effects of fatal, but not excessive,

doses given to dogs, cats, rabbits, &c., resembles closely that
already described. The heart's action is at first slowed, then
becomes quick and irregular, there is dyspnoea, progressive
paralysis of the muscular power, convulsions, and death in
asphyxia. Vomiting is frequently observed, sometimes saliva-
tion, and very often dilitation of the pupil. Sometimes the
latter IS abnormally active, dilating and contracting alternately.
L>iarrha!a also occurs in a few cases. Vomiting is more frequent
when the poison is taken by the mouth than when administered
subcutaneously.

ifaw.—I have collected from European
medical literature, of the last ten years, 87 cases of poison-
ing by aconite m some form or other. These comprise only
2 cases of murder, 7 of suicide, and 77 which were more or
less accidental. Six of the cases were from the use of the
Jlkaloid Itself; 10 were from the root; in 2 cases chUdren eatthe flowers; m 1, the leaves of the plant were cooked and eatenoy mistake

;
in 7, the tincture was mistaken for brandy, sherryor liqueur; the remainder were caused by the tincture, the

liniment, or the extract.

§ 377. Poisoning by the Root.—A case of murder which

Xb1 V
^'"^'^

fl?, Irish case

7eop?f .1 ^ ^^^^ ^^'3- ^'Gonkey), were, until therecent trial of Lamson, the only instances among English-speaking people of the use of aconite for criminal purposes^ but

^Jl% ™ 1 ^6 fi^d that it has been largely

Trio T ^^^/^^^est times as a destroyer of human life. In

I ^^^^"^ destined for the use of the British army in

IZTZ-
^?*^ea*i^g Burmese, was poisoned by intentional

fortl rf'? ""'^^ ^^^^^^^^ «f Aconitmn ferox ; it waslortunately discovered before any harm resulted. A preparation

arri T\^' "^^^ hill-districts of India^ to poionarrows for the destruction of wild beasts. A Lepcha described

<lestroying elephants and tigers, useful to the rich for puttiml
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troublesome relations out of the way, and useful to^ jealous

husbands for the purpose of destroying faithless wives. From

the recorded cases, the powdered root, mixed with food, or the

same substance steeped in spirituous liquor, is usually the part

chosen for administration. In M'Oonkey's case, the mans wife

purchased powdered aconite root, mixed it with pepper, and

strewed it over some greens, which she cooked and gave to him.

The man complained of the sharp taste of the greens, and soon

after the meal vomited and suffered from purging, became

delirious with lock-jaw, and clenching of the hands
;
he died m

about three hours. The chief noticeable ^5osi-mor<e«i appearance

was a bright red colour of the mucous membrane of the stomaxsh

The symptoms in this case were, in some respects, different

from those met with in other cases of poisomng by the root. A
typical case is given by Dr. Chevers {Op. cii.), m which a man

had taken by mistake a small portion of aconite root Immedi-

ately after chewing it he felt a sweetish taste, followed im-

mediately by tingling of the lips and tongue, f
face, and severe vomiting. On admission to hospital he was

extremely restless, tossing his limbs about in .^11 directions and

constantly changing his position.
_
He complained of

^

sensation in the stomach, and a tingling and numbness m every

part of the body, excepting his legs. The tinghng was speciaUy

marked in the face and tongue-so_ much so t^^^* h^7f^^^^
stantlv moving the latter to and fro m order to scratch it agamst

the tStk Retching and vomiting occurred almost incessant^^

and he constantly placed his hand over the cardiac region.

Le was anxious, the eyes suffused, the ips pale and ensanguine

the eye-lids swollen, moderately dilated
^^p^^}^^^^^^.

stimulus of light; the respiration was
-V^.t to w.Tfrom

the pulse 66, small and feeble. There was inability to ^^IL from

loss of muscular power, but the man was P<^^ff

The stomach-pump was used, and albumen and milk adminis

tered Three and three quarter hours after taking the root the

;mptoins -ere increased'in severity. The tongue was red and

swollen the pulse intermittent, feeble, and silver. The tm^ung

:irnumbne?s had exteiuled to the legs

condition of the external sensibility
/^f^'l^^^^

was found that, on fully separating the blades a d
^^^^^^

points in contact with the skin over the arms and
^^^^^-^^^

felt them as one, although they were * inches a^^^^^^^

the sensibility of the thighs ^}^\}^^\^''^^
^^^^ ~i nches

could feel the two points c^^tinctly when they ^^ e^cJ m

apart, and continued to do so until the
f^^l^^^^^ the

points fell short of 2| inches. He began to improve abou
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ninth hour, and gradually recovered, although he suffered for
one or two days from a slight diarrhoea. As in the case detailed
(p. 346), no water was passed for a long time, as if the bladder
early lost its power.

§ 378. Poisoning hy the Alkaloid Aconitine.—Probably the
earliest instance on record is the case related by Dr. Golding
Bird m 1848.* What kind of aconitine was then in commerce I
know not, and since apparently a person of considerable social
rank was the subject of the poisoning, the case has been im-
perfectly reported. It seems, however, that, whether for
purposes of suicide, or experiment, or as a medicine, two grains
and a half of aconitine were swallowed. The symptoms were
very violent, consisting of vomiting, collapse, and attacks of
muscular spasm

; the narrator describes the vomiting as peculiar.
It perhaps, hardly deserved that title ; the patient was seized

witu a kind of general spasm, during which he convulsively
turned upon his abdomen, and with an intense contraction of
the abdominal muscles, he jerked out, as it were, with a loud
shout the contents of his stomach, dependent apparently on
the sudden contraction of the diaphragm." On attempting tomake him swallow any fluid, a fearful spasm of the throat wasproduced

J It reminded his medical attendants of hydrophobia.
IJie patient recovered completely within twenty-four hours

r..^.T- t ""-^^^ reported by Dr. Albert Busscher,t ofpoisoning by aconitine nitrate, possesses all the exact details

WdoSrit:^ ''''

somewfrr V y^^^^ «f ^g^' and ofsomewhat weak constitution, suffered from neuralgil and a

Snt"-^™^'*'"' ^^^^ ^^y- prescribed for hi^

R. Aconiti Nitrici, 2 grm.
.

Tr. Ohenopoddii Ambrosioid, 100 grms. M.D.S.

StrSedTi* t'' ^^ily- The patient, was
at ained n

^ ^"^^^ *° ^^^^'^^^^ dose until heattained a maximum of sixty drops per day.

follows:--.
'

^o^^eniently thrown into a tabular form as

* Lancet, vol i., p. 14

,^0- 24, pp. 338, 3567
^"^scJier, Bal. Khmschc Wochenschrlft, 1880,
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No 1 Marcli 14, 7 p.m., 10 drops equal to aconitine nitrate, "4 mgnn.

'

i.' „ 9 p.m., 20 „ „ \\
"

3. March 15, 8 A.M., 20 „ „ » .

4. „ 11 A.M., 20 ,, »' -g
5' 4 P.M., 20 ,, "

, .„

6 '', 9 p.m., 20 „ „ ..

7. March 16, 10 p.m., 10 „

In the whole seven doses, which were distributed over forty-eight

hours, he took 9-2 mgrms. (-14 grain) «f
°^^*;^f. ^^*^f

On taking dose No. 1, he experienced ^.^^^l^^S

tion (Zusa^w^enzielmng\ and burning spreading from the mou^h

to the stomach, but this after a little while ^^^sided Two hours

afterwards he took No. 2, four times the quantity of No. 1.

Thl Wuced the same immediate symptoms, but soon he

i
proauceu

^^^^ anxious oppressive

tr^about he cMth a burning feeling about the throat,

the whole body was covered w.th a cold sweat, his sight failed

Seme, he begau to vomit violently, which reheved b,m

•much • he then fell asleep.
i 4. „u ^r, +lip

Dose No 3, equal as before to 1-6 mgrm., he took m the

mo^S. He 'experienced almost exactly the ^ame symfo^s a

,„f^ri^Sv!lheU«^^^^^

-rceXSKCvolIig^^
Neither he nor his wife seemed all this V'^^/^ "\ , .^.^^<,\i

is terribly cold. I am dying
;
^
^J^^^^^ ^,,Xed, and lost sight

covered with perspiration ;
he was nmN

j^J^ ^^^^ dry, he

and hearing; his eyes
^^^^'^.^^^^^'/^VwL eS^^ ^^^^^'"''^

could scarcely open his mouth, he was ext
y^ ^^^^^^.^^

.

thought he was dying. The breathing
^^^^^^^^^ ^^.^^

from time to time tlie muscular spasms came
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made a large quantity of hot strong black tea, which she got
him to drink with great difficulty : although it was hot, he did
not know whether it was hot or cold. About five minutes after-
wards he vomited, and did so several times ; this apparently
relieved him, and he sank into a quiet sleep

;
during the night

he did not urinate. In the morning the wife went to Dr. Carl
Meyer, described the symptoms, and accused the medicine. So
convinced was Dr. Meyer that the medicine did not cause the
symptoms, that he poured out a quantity of the same, equal to
4 mgrms. of aconitine nitrate, and took it himself in some wine,
•to show that it was harmless, and ordered them to go on with
it. The unhappy physician died of aconitine poisoning five
hours after taking the medicine.* In the meantime, the woman
went home, and her husband actually took a seventh, but smaller
dose, which produced similar symptoms to the former, but of
little seventy ; no more was taken.
The absence of diarrhoea, and of the pricking sensations so

often described, is in this case noteworthy. Both diarrhoea and
tormication were also absent in a third case reported by Dr.
iJusscher in the same paper.

§ 379. The facts of the following recent case are still fresh in
public memory:—At the Central Criminal Court, in March, 1882,
i^eorge Henry Lamson, surgeon, was convicted of the murder of
his brother-in-law, Percy Malcolm John. The victim was a
weakly youth of eighteen years of age, paralysed in his lower
limbs from old standing spinal disease. The motive for perpe-
trating the crime was that Lamson, through his wife (MalcolmJohns sister) would receive on the death of his brother-in-law

+W fi, 1
'

1
2'

^'^''ording to the evidence, it is probable
that there had been one or more previous attempts by Lamson

TJa youth with aconitine given in pills and in

Cct"l 9 i^'' 24, 1880, Lamson

I},, i t ^ff aconitine, came down on Dec. 3 to theschool where the lad was placed, had an interview with his
Drother-in-law, and, m the presence of the head-master, gave

sn^f
capsule, which he filled then and there withsome white powder, presumed at the time to be sugar. Lam-

directW f?^'?
altogether twenty minutes in the house, and

he left
brother-in-law swallow the capsule,

s.v/^^fw T,

minutes Malcolm John became unwell

hen Vat he f
""''^'^ heart-burn, and^nen that he felt the same as when his brother-in-law had
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on a former occasion given him a quinine pill. Violent vomiting

soon set in, and lie complained of pains in his stomach,

a sense of constriction in his throat, and of being unable to

swallow. He was very restless—so much so that he had

to be restrained by force from injuring himself. There was

delirium a few minutes before death, which took place about

three hours and three quarters after swallowing the fatal dose.

The post-mortem appearances essentially consisted of redness of

the greater curvature of the stomach, and the posterior portion

of the same organ. In one part there was a little pit, as if a

blister had broken ; the rest of the viscera were congested, and-

the brain also slightly congested.*

§ 380. The symptoms of poisoning by the tincture, extract,

or other preparation, do not differ from those detailed. As

unusual effects, occasionally seen, may be noted profound un-

consciousness lasting for two hours (Topham's case), violent

twitching of the muscles of the face, opisthotonos, and violent

convulsions. It is important to distinguish the symptoms

which are not constant from those which are constant,

or nearly so. The tingling and creeping sensations about the

tongue, throat, lips, &c., are not constant; they certainly

were not present in the remarkable German case cited at

p. 346. Speaking generally, they seem more likely to occur

after taking the root or the ordinary medicinal preparations.

A dilated state of the pupil is by no means constant, and not

to be relied upon. Diarrhcea is seen after taking the root

or tincture by the stomach, but is often absent. In sHorc,

the only constant symptoms are difficulty of breatlung, pro-

gressive muscular weakness, generally vomiting, and a ^seak

intermittent pulse.
i r* «l

§ 381. Physiological Action.—Acorathie, according to vr. o.

* To these cases of poisoning by the alkaloid '-^eonitine may be added

one recorded in Bouchardat's Annuairc de
'^''fX It'J.fho L'Jt dan4

case in itself is of but Uttle importance, save to
\*Ji;|;''ttrenrtli.

in permitting the dispensing of such active remedies of ^'^rymg strong^

A gentleman, suifering from « angina pectoris. " was P'^f^^'^f , ^f^^^^to
acomtine" iil granule.?, and directed carefully to mcrease the dose up w

four granules, Iccording to the effect P™^^^d. The pr^^^^^^^^^^

to a pharmacist, who, instead of supplying Hottot s acomtme sui^i

some other of unknown origin. The medicme
?ff t^^"\3tbe w^ol^

dose raised to four granules, which
^J^^^i^

*
"fd had a fresh

was exhausted. He then went to Hottot's estabhshment anc^^aa

supply, presumably of the same substance, but
^^^^^ll^'^^ll^^^^^

had taken his usual dose of four granules,
^^irand iu scalar

aconitine poisoning, headache, vci-tigo, feebleness of the ^olce and n

wealuiess. and was alarmingly ill. He recovered after some u

medical treatment.
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Rmger, is a protoplasmic poison, destroying the functions of all
nitrogenous tissue-first of the central nervous system, next ofthe nerves, and last of the muscles. Aconitine without doubt actspowerfully on the heart, ultimately paralysing it; there is first
a slowing of the pulse, ascribed to a central excitation of thevagus, then a quickening due to paralysis of the peripheralermmation of the vagus in the heart; lastly, the heart's actTonbecomes slow, irregular, and weak, and the blood-pressure sSsThe dyspnoea and convulsions are the usual result, seen amongall warm-blooded animals, of the heart affection. Plugge foundthat the motor nerves, and more especially their intra'musculartei^mations, were a ways paralysed

; but if the dose was smallthe paralysis might be incomplete.
. BcBhm and WartmanTonthe other hand, considered that the motor paralysis had a c^Corigin a view not supported by recent research^ The action ofaconitme in this way resembles curare. The muscles themselves preserve their irritabiHty, even after dose? nf !L

which are five to ten times large'r' than th^e by Xc,termmations are paralysed.
nerve

§ 382. Post-mortem Appeamnces.—Among animals (mammals^the appearances most constantly observed have been WrSS]ot the cerebral membranes and brain, a fulne^^ of fW fvems, the blood generally Auid-some'tiLs W^^^
liver, sometimes not. When aconitinp \^^^

ypeisemia ot the

subcutaneously, there hav7Lr noXfltmmnt
,

in the stomach and bowels
inflammatory appearances

\
In the case of Dr. Carl Meyer, who dipd \r. u

the mucous membrane of the stomach t.^\f \ stomach

;

'«m on section .Wed many red bloody pL f " ""^

WpeSffi^-^^^^^^

the other organs being healthy.
^'^^^

alt

i
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S 383 Separation of the Aconite Alkaloids.-lt yfo^x\^ ^VV^BX

\ \-u i «n nnprations for the separation of aconite

:ifa?Sds »r1^^^^^^ matters'which make up the

plant or VTom those constituting animal
f^-^5)' --^^^ .^5^^

^ T i >,^ah heat should be avoided. A modification of M.

extract at temperatures not exceedm ,

^^^^^ ^
extract n water ;

agitation of the
j-^^^^^^^^ ^^^.^^ ^i,,,.

remove -P^^^^^^^^^^^^^ if possible

bonate
^.^^J .f^^"-^^^^ and petroleum, and lastly, converted

convevsion of pseuteomt^e
^„„„taming 8 to 10 per

^T:il^oT^^l bl the Bitrate the alkaloid may be re-

^'T^ (Should any
°Lt;rri::ts l

aconite, or the root itseK have^
SoS^^Uci, if applied

more or less minute f ™ "'Xsfa If k minute quUty
?° on" or pSceT on the tongue.\ ^IS rubbed on tne up, ^ ^ personally

"''"^^ IftfthThis feetrthe tL?«e (ofthe liSiment of

SnS" tri:/t"the same .ay. and the sensation.

compared. . ,
• xi,p T^arn son case was entrusted to

The chemical examination in
^^^^^ ,,,aucted on the

Dr. Stevenson assisted by Dr^ IJup^e
^^^^^^ ^^^^^

principles detaded^ The contents

treated with alcohol, and ^ gestea
^^,^ady

perature of tb^/^-°^P£
' fi^t :;"eratn was added,

acid, so no acid m this tirst p
^^^^^^^

The mixture stood for fvo /ays^^^^^^^^
^^.^tl

The insoluble portion was now exHausteci y

Sulated by tartaric -^-talTa-h^'t^^ Tlie



§ 383.] ACONITE. 351

various impurities; the residue, after being thus partially
purified by ether, was alkalised by sodic carbonate, and the
alkaloid extracted by a mixture of chloroform and ether. On
evaporation of the chloroform and ether, the resulting extract
was tested physiologically by tasting, and also by injections into
mice.

_

By means analogous to those detailed, the experts isolated
acomtine from the vomit, the stomach, liver, spleen, and urine
and also a minute quantity of morphine, which had been admin-
istered to the patient to subdue the pain during his fatal attack.When tasted, the peculiar numbing, tingling sensation lastedmany hours. These extracts were relied upon as evidence, for
their physiological effect was identical with that produced by
acomtine. For example, the extract obtained from the urine
caused symptoms to commence in a mouse in two minutes, and
death in thirty minutes, and the symptoms observed by iniectino-
a mouse with known aconitine, coincided in every particular with
the symptoms produced by the extraction from the urine
in our present state of knowledge, the identification of theactive principle of the aconites must rest almost entirely upon

physiologica evidence, for though the substance mit beisolated and identified as an alkaloid, yet the chemical
ests (such as that it strikes a red colon? with sugar andsulphuric acid, and a violet when stirred up with some drops

the'lT^^^fP^'"' "^^^ ^'^''^ minutes onthe water-bath) are not to be relied upon. If they were thevare deficient m delicacy. J. H. MuU- poisoned I sLrow^v th -1 gram of aconite root; it died within an hourj^nearlTall the root was found in the gizzard, very little beinr ieftm he crop. The contents of the%rop and gizzard were mixedand a separation of the alkaloid was attempted quite S the

ZTSyr'^'^r'^''^ The ultimate ^extrardissolvedn a few drops of water, did not respond either to the taste or

lu1?o'ntnl-V^?/°"^ brLl-crumbs soaked ?n the

^^^ttreZV^. ^'^S "Hfe tests," since in most
to be tdelmfl Jf^^"

of the active principle will have
bettPr. fn '-^^^ '^^''''^ to small animals, and it il

case s
reptiles- In the Lamson

If two Vn administering it by the moutli

meal tn t / "^^'^ ^^^^ ^^e one fed with a J^ttlo^oal, to which a weighed quantity of the extract under experi-

* C'/tem. News., vol. xlv., p. no.
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.ent .a. been added, .Hie t^^^^^^^^f^^^t:^^^
a supposed

obie^^^^^^^ to any operative pro-

tnay be compared ;
and

^^J^iated It is certain that

eee^on su^b ^an— the lips will

S^i^rongl"^^^^^^^^ to Hll a small bird or a mouse .f

administered in the ordinary way.

VT THE MYDRIATIC GROUP OF ALKALOIDS-

ATROPINE-HYOSOYAMmE-SOLANINE-
OYTISINE.

1. ATROPINE.

§ 384. Atrop^ne
f' ofthe Atropa bdladon^r^, or

loid has been found ^^^.^f ^ies of DaLra.
^ ^

deadly nightshade, and may be found

R 385. The ^iZ^'^^'^T lTn^^^^ cannot be said to be very

inlome parts of England althou^^^^^^^
herbaceous plant

common."^ It belongs to the ^ota^^^
W-purple axillajT

with broadly f^Je
^^J'^tire

leav^^^^^
,.iolet-black, and the

flowers on f°^t
stalks the ^erues

^^_
.^.^^

^tole of the plant Hp
colour The seeds are very small,

leaves stains paper a purple c^^^^^^^^^

^^^^ ^^^^ ,re

Hdney-shaped
-^^^f^^^^ ^Jd projections, and are easdy

S t ^oTtfl^^ owes its poisonous pro-

^^SvieTOe different parts of belladonna, according to

Gunther,t is as follows :--

vorhommendeAkonim.
'^"f'^^^., iS69. Dragendorff, 2?>e
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TABLE ^y.-BULLADOm-ALKALOIBAL CONTENT OP
VARIOUS PARTS OP .THE PLANT.

Quantity of Alkaloids in the
h resh Substance, per cent.

Quantity of Alkaloids in the
Dry Substance, per cent.

(a.) By
Weighing.

(6.) By
Titration.

(a.) By
Weighing. I

(b.) By
Titration.

0-2022 0-20072 0-838 0-828

Stalk, 0-0422
0-146

Ripe fruit, 0-2128 0-20258 0-821 0-805

Seed, 0-2C676 0-407

Unripe fruit, .

|

0-1870 0-1930 0-955 0-955
Root,

. ,

1

0'0792

1

0-210

Ji^Jt T'Bri^Sn^I Tkorn-A,,le is also

cannot be considered a oLoflnt k/^
belladonna, it

Solanaceis, it grows from one to txCf\ •
i

^^^""^^
in waste places The 1p?vp« f ^'^'^^^^ is found
the fruit is7ensely spinous (^^^^^^^^^^

^^-^^^ -hite
;

^Uvided into four dSmentr^l T *^^«^^-^PPle), and is

containing many seeds
^ ^^e top, and

coJnty'':'Te;t"toxtool'''"'r-P^^"*^' ^-l- ^-ve in that
"aturaf 0^ i>lrl'7£'''^^^^^^ white-floweid
- specially about MadrL Tl?f

plentifully m waste places,

^^^alabar. The^;eed3 5Ire^tT' ' of
India for tl^o" of caps cum 'The"?!""tlie most marked differences !^

following are some of

* Ber. d. Deulach. Chem. Oea., Bd. 13.

23
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Seeds of the Common or Seeds of Capsicum.

White Datura.

^ -, . 1 Outline rounded.
(1.) Outline angular.

TJtached to the placenta by
(2-) Attached to the

p^^^^^^^^^ ^om a prominence on
a large, white,

^^^^J^^'l border of the seed-

separating easily, i^'ivmo ^
deep furrow along hall the

length of the seed's concave

border.

(3 ) Surface scabrous, almost

reticulate, except on the two

compressed sides, where it has

become almost glaucous from

pressure of the neighbouring

(4 ) Convex border thick and

bulged, with a longitudinal

depression between the bulg-

ings, caused by the compres-

sion of the two sides.

(5 ) A suitable section shows

the embryo curved and twisted

in the fleshy albumen.

Uniformly scabrous, the sides

being equally rough with the

borders.

Convex border thickened,

but uniformly rounded.

The embryo, exposed by a

suitable section, is seen to

resemble in outline very closely

the figure 6. . .

The taste of capsicum is

pungent ; a decoction irritates

^lie eye much, but does not

cause dilatation of the pupil.

(6 ^ The taste of the datura

seeds is very feebly bitter.

The watery decoction causes

dilatation of the pupil.

The identity of the active W^^^f^^
^^"^^ ''''

belladonna tribes is now
^^^^^^^J^ts--^^^

§ 387. Pharmaceutical
^'^^^^^,f

'""^..^^ --The leaves, root,

various pharmaceutical F'f^^^^f ^^plaster mad^
extract of^l^e leaves, an om^^^^^^^^ ^^^^.^^..^eh is practicallv

extract, a
^^^f^^^'^^f/fc^^^^^^ camphor), atropine its. 1

.

,fe.ririno. In the former 1 021 to 1 bO p

BeUado7ina-Wurzel u. des Stechapjel i^a^nen^
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been found
;

in the latter -9 per cent. The alkaloidal contentof the seeds varies extremely; hence, extracts of the seedsmust likewise vary. The B.P. Tincture of Stramonium tsmade by exhausting 21 oz. of stramonium seeds by 20 fl ozs

per^nt -'C ^nf^ ^ Stram'^nium 066

can bl titraterlT ^^-^^t'^ Pharmaceutical prepa^tionscan be titrated by adding Mayer's reagent (dUuted one-half^ to

ZuSitTl'
solution of the active^rinkple/each cc b^^,^^

Se strength of 500 " ^PProxx?mdte swengtn ot 1 : .500 is operated upon. Or the alkalnfrl

niists'Xrn Lu^S^^^^^^^ sublimation; faint

amorphous. ^
'

*
' ^^^y are perfectly

oftmrsT-'ifttW^ «f -Id- water, 300;
3 parts solution ak^hol anT'"'' f< chloroform

almost every pr^rtion 1. ,^ ^^^'^^^^^ it dissolves in

weakly to the left^
^ P^^^« of polarisation^ r -i^-

cold; but on heatinrCe eS^s"^^^^^^ '"'P^T^
development of a peculiar odm,ri-i^ ^T'^'r^

browning, with
flowers, by Dra^enSrff to 'i

'"'^ ^ Gulielmo to orange
and by Otto to Ye ^^'^^^
untrustwor^hiness of thi? ^l^^''*?.-^

«"ffici«^^t evidence of the
indeed, with mall aunnt .

test. The odour,
strongly suggeTtiveS; of%h T^^ P«"^^^"l' is i

'intense odour isXen off if a ^'Z^''?
mentioned. A far more

By the action of fuming hydrochloric acid, or that of caustic

* Bragendorff, Op. cit.
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nlkalies atropine is decomposed into tropine (OgHi-l^O) and
alkalies, auopme

^ ^ is a white, crystalline, strongly
tropic acid (O9H10U3). Y°P;o \,„,l volatilising at 230° unde-
alkaline mass, melting at 60 ,

and
i^es

co^i Tf i« soluble in water, alcohol, and etner, aim i^nc^

i+c I? 910° tn 212 . Atropic acid (09118^2)' meitm pu

action of hydrochlorie -i^-'l;'
^3*',"^^/'^^^^^^^^^^^

masses. ^ P^^^i™.
""^J i^^^ standing, monoclmic

l^s^Sf:^ rXti '.X^l fonS: t,.ey .1.0 tl.0 CO.-

-SKfo&Sroa^^^^^^^^

salts, IS covered with a little lumiUt, ^ potassa

water-bath, and when cold
^^^^JJ^i^,," if instantly pro-

dissolved in absolute alcohol a Molet col^u
^ .^^^^ ^^^^^^

of the eye, a solution of
^^^I,"^?^^^^^^^^^^ the iris has been

1 : 130000, dilating tlie iris. This ^^t
^ ^ It is entirely

tudied byRuyter,!
»°^-^--VTLT c 1^.3^0 + 3H.0=CsH,.N0

* The reaction may be represented thus-CnH^sNO + a

+ C„Hio03. ^ , „^„ie3 of the crystals of the platmun
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a local action, taking effect when in dilute solution only on theeye to which it has been applied; and it has been produced onthe eyes of Irogs, not only in the living subject, but after thehead has been severed from the body and deprived of brain.Ihe thinner the cornea, the quicker the dilatation; thereforethe younger the person or animal, the more suitable for experi-

^""^LJi ^ "'^J'^^^^ 1 •• ^^ilatation commencesin about five minutes
; m pigeons, seven minutes ; and in rabbits

abou?? f-
' 1 commences to act inabout SIX to seven minutes, reaches its highest point in from tento fifteen minutes, and persists more or less for six to eiahtTlavsA solution of 1 : 480 acts first in fifteen to twenty minutes and

HsOOO r'

P"",* minutes ;"; sXtlon of

show S effS"' or '''T'^r''''f ^^^'^ *osnow Its ettect. Dog^ and cats are far more sensible to it=!influence than man, and therefore more suitable for experir^entIf the expert chooses, he may essay the proof upon hW fcontrolling the dilatation by Calabar bean^- but sek om
TsT'^l^'^""';V,^ "^^^ this nSure

J
6 JO. Statistics o/APropme Poisoning.~^ince atropine is the

^^rZJT^^^^
belladonna and datura plants, and everyportion of these-root, seeds, leaves, and fruit-has caused toS

takes^fThlTlTthufi'^r r^r^' ^^^^^ f--
for ash-leaves thJ -PP^-d
of extract of ui^per the alkS f""f.

5''^ ^^'"'^^

mistake for the?ne + a LrJ ^ ^"'^ dispensed in

mistake is one in which T T'''"^
'^^^rvellously stupid

(Schauenstein, S 1/ P 65^7 f'^.T""^ T'*'"^
has been ^^.Ia \ ii

^'
.

>• ^^u^^ther, valerianate of atropine

S^hauenster relnt
^ substituted for quinine valerianateXdauenstem relates a case in which atropine sulphate was ad-

atropineX'tSifT'- ^''"^-'i
^"^^"^ in reproducing

T aom, Be lL£eclu Atropini. Diss. Jhilk, 18G3.
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eye naturally gives rise
^^^^^^^^^^^^"''.^^^^o^^^^^^ reaching the

Serious symptoms have f *^^/no^^ A curioSs in-

pharynx through the l^^^Tf^^l duct and n^^^^

^ collyrium,

Sirect poisoning caused by the
^^^ f^^f"^^ed from aU the

is related by Schauenstem.* A P^^^^^/™^^,! by which it

symptoms of atropine poisoning; but ^^^^
^til it

S£^iltoS£\»t^
terlal applications of atropine --^P^^^^^ the

foot of a rat be steeped foi a
^^^^^ pupils will soon

alkaloid, and the eyes '^^.^"^ may be absorbed to

be observed. If the skin is
^^^^f^' ^Xh S of atropine

cause death. A case is on
^^^ff^ tkin, was fatal-t

sulphate, applied as an ointment
^^^^^^^^ one case, a

Atropine has also been absorbed from
f^^,^ '^^ .gO i^g)

clvster containing the active principles oi - °
enty-seven

of\elladonna root
-^Y/^tr I^wSio the root to have been

years of age, and caused ^eath. AUom^^^^^
^l^^l^id, it would

Lrefully dried and to
^^.f^J^ff-it grain) may even prove

seem that so little as 10 9 "^S^^'/ ^
'

• u ucous membrane,

fatal, if left in contact with the ^i^testinal m
^^^^^

Belladonna berries and ^t^.^'^^^^^.
Jj^^^erie^^^^^ poisonings by

^^Siminal poisoning by at2>t,t ^^h^t^^^
rarity in Europe and America bu^

^^^^^^^^^ d lia.

fully prevalent. In all the
f^^";*^^ '^'^^^ mostly the bruised

been one of the various
fP^^^f ^ttC'seeds. In 120 cases re-

or ground seeds, or a decoction of the see
^ ^^^^

corded in papers and works
^^.^^^^''^'f^^^^^^^^ and

than 63 per cent, of the cases cnmm^^^^^ ^9 .
, ,tb

per cent, accidental.^ ^^"""^^^e. v.ve more certam to b
per cent, accidental, -^^^^^"""t^ . . r-^g are more certam -

Lrne in mind that known criminal cases
^^^^ ^^^^^^.^ ^^^^

recorded than any other cases
J^JJ^J^P ^.^s from most remote

the Sanscrit name of dhatoora by the inui

„ „ ;
tPloss.^eitecAr./.

C/m-.,lS63.

Maschka's Ilandbuch. t ^
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^TT } '^^^la^gely used by the Thugs, either for the purpose
of stupifymg their victim or for killing him

;
by loose wives to

ensure for a time the fatuity of their husbands: and, lastly itseems m Indian history to have played the peculiar rdle of a
state agent, and to have been used to induce the idiocy or in-
sanity of persons of high rank, whose mental integrity was
considered dangerous by the despot in power. The Hfndoos by
centuries of practice, have attained such dexterity in the use ofthe datura as to raise that kind of poisoning to an art, so thatDr. Cheversm his "Medical Jurisprudence for India,"* de-
clares that "there appears to be no drug known in the presentday which represents in its effects so close an approach to thesystem of slow poisoning, believed by many to have been pic

R .00 ^S"'' the daturi"
^

..tf
I>ose —It is impossible to state with precision theexact quantity which may cause death, atropine beino- one of

tolne'n^or" '^"T f-^'.-^^-g - cliffLnt easels, seemsto depend on special constitutional tendences or idiosyncracies

liu^t'^-Il"^""'- ^""^ - comparS'eTlar'eamount with impunity, while others scarcely bear a ve?y
rrtw/°''-T?°"\^^bi*i^g unpleasant symptoms. eISW aii ?2Tlm lo''"^- ^ P-cluce%olonous sy^xoms, and J^29 grm. (2 grains) death. We may therefore inferthat about -0648 grm. (1 grain) would, unchecked W remeSesprobably act fatally; but very large doses have been rec^verSfrom especially when treatment has been prompt

"'^^^^^^^

m^ZTa\"^^'"""'^ Pr^^tice, fim 32-4 to 64-8

potog^^^'"'' """^
'-^ '-'^^ ,'"«t--y of datura cri.niual-
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must not be considered adequately established. Speaking very

generally, the higher the animal organisation, the greater the

sensTbilit; to atropine. Frogs are affected in a peculiar manner

According to the researches of Eraser,* the animal is first

tralysed and some hours after the administration of the poison

£ Snless, the only signs of life being the e-tenc^ of a

sliaht movement of the heart and muscular imtab lity Alter a

SnodTfrom forty-eight to seventy-two hours the fore lirnl^

seized with tetanic^pasms, which develop into a strychnme-

'"^lllriction on Man.-Wl.en atropine is ijf
^texl subcu

taneouslv, the symptoms, as is usually the case with drugs

admiSred in this manner, may come on immediately the

not unfrequently dilating almost before the injection is

Shed Sfs S in no way surprising; but there are instances

fn which decoctions of datira seeds have ^^-J—^^^^
the stomach, and the commencement of ^1^?.^°°^!

.^^^^''^^ge
rapid as in poisoning ^7-1^-7-^^^^^^^

nton^vi^ndL^^^^^^^

water which he was carrying, (y'^^y.-^.^^i,^^^^ plants

.:^n:^rtJr::^fa^S^

Siis."^« ^^r^^^fi^oit nr^du:
entirely dependent on Tissore t

to a spasmodic contraction f .^^J^
P^, ^V ^nly introduce

found in one case such constriction that he coiUd )
^^^^^

emetics by passing a f f^Jf.fj,^^^^^^^^^
to

membrane is reddened, and the
y^^^f J^^^^'^^^tle resemblance to

swallow, and the changed voice, ^^a some
J

«^ ^ by

hydrophobia-a resemblance heightened to the pop

'
Transact, of Min. Boy. Soc, vol. xxv., p. 440. Jour,,, of AnaU

Physiol, May, 18G9, p. 35'/

t Gas. kehd., 1850.
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an inclination to bite, which seems to have been occasionally
observed; the pupils are early dilated, and the dilatation may be
marked and extreme; the vision is deranged, letters and figures
olten appear duplicated; the eyeballs are occasionally remarkably
prominent, and generally congested ; the skin is dry, even very
small quantities of atropine arresting the cutaneous secretion •

in this respect atropine and pilocarpine are perfect examples of
antagonism. With the dryness of skin, in a large percentage of
cases, occurs a scarlet rash over most of the body. This is generally
the case after large doses, but Stadlpr saw the rash produced ona child three months old by -3 mgrm. of atropine sulphate. It

rTS^tfT five hours, and was

wZt-.. ^
1

temperature of the bodywith large doses is raised ; with small, somewhat lowered. The

from ll -STnTon ^^^^T.^i'^.'
^^^^ i« ^l^ays above 100-mostly

at first nbtff' r ^1^'r The breathing isat first a little slowed, and then very rapid. Vomitin- is not

tTonrjrV invoff TJ ^^^^^^^ - tt%vacua-

fZl of f 1.. Y,' T.'^
^« spasmodic contrac-

affected n ZT"^ ^^^^^^ i« profoundly

mtcula; riJ^,if,r?^ ^fu ^'l' ^P^^^^^'t ^^«tlier,t such

T a chli?^ f patient could with difficulty be placedon a Chan. The lower extremities are often partly paralvsed

laTor ^hlrTmavr^'^^i^-"' '-^^ ^^l" Hke'aTuS
hvS'n functionrr/v ^"""""f^ fctitation. The disturbance of the

recordecrr«^^^^^^^ I TJ ™f ^^^"^ * P^^ «ent. only of therecorded cases has there been no delirium, or very little—in the

S rrmous, pleasing form, but every variety has been witnessed

£ n^ees^arTt
the delirium from^Iatura (wh^h it nay

« Hp .?fl ^ F'"" '''P^^* ai^opine delirium), as follows •—

.and moL aTif S ' ^''^ ^"8^^^ -iWly, or is sad

very timid' and whfr, 'Y'^'V,
generally he is observed to be

a supplTcatfnrnnT^
^vord, frequently putting up his hands in

bacHTf app^eC ofT^'"
aPproached he suddenly shrinks

about as ifT
of being struck, and frequently he moves

* Med. Times., 1868 i r , , •

: Jl^id., vol. i.,'l8767p. 340.
^^^l, p. 414.
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bedding, pulls at his fingers and toes, takes up dirt and stones

from the ground, or as often snatches at imaginary objects in the

air, on his bod;, or anything near him. Very frequently he

appears as if amusing himself by drawing out imaginary threads

fr^om the ends of his fingers, and occasionally his antics are so

Taried and ridiculous, that I have seen his near relatives,

IZugh apprehensive of danger, unable to restrain their

lau-hter."* This active delirium passes into a somnolent stateS muttering, catching at the bed-clothes, or at ^o^^-^^f^^
and in fatal cases the patient dies m this stage. As a ru « the

lleev is not like opium coma; there is complete insensibihty m

both hut in the one the sleep is deep, without muttering, in the

other from atropine, it is more like the stupor of a fever. The

:ours'e in fatal cLes'is rapid, death g-erally taking place wi^^

six hours. If a person live over seven or eight hours, he usuaUy

recovers however serious the symptoms may appear. On waking

ihe patient remembers nothing of his illness ;
mydriasis rema^

some tSie and there may be abnormality of speech and weak-

r« nfThe Ihnbs but within four days health is re-established.

^T eases the seTds have been%wallowed, the symptoms

may be much prolonged, and they seem to continue untd all the

Ss have bee'n voidl.d-perhaps this^^^^^"^
continous extraction of atropine by the

"^^Jf^^^^f l^eeu

Chronic poisoning by atropine .^^y' ^^^^^^^^ifthat its

stated, be of great importance m India
^^^^^

J^^^^^^^
continuous effect would tend to weaken the i^^^ilect ana

is unreason for any incredulity with regard to its P?^^^

^

loZ of insanity, \ossbach has -ertam^^^^^^^

day after day, dosed with atropine they ^^ecome em
^

but a certain tolerance is established,
J^^/jJf^ ^^^'kefph^^

raised considerably after a time to produce any marked pi

)

''ft^t?tiolo,ical Action of ^ifV-;;^-^^^^
experiments on animals which have been pe^^^^^,

j^^^

^u^pose of elucidating the action
-^^.^l^^l^^^ ^tSlt ^^^^

terminations of the vagus

and then paralysed. The excitor-motoi
g^^^^

and finally the heart itself; ^eath re ultmgJi^^^^ ^^P
.

The respiratory disturbance is also to
at t^ie same time,

* In an
four hours, —

_ ,

ing, but without uttering a word.
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stimulates it first, and then it also becomes finally paralysed. The
small vessels are generally widened after a previous transitory
narrowing. Organs containing unstriped muscular fibre are
generally paralysed, as well as the ends of the nerves regulating
secretion— hence the dryness of the skin. The action on the
iris is not thoroughly elucidated.

§ 396. The diagnosis of atropine poisoning may be very diflicult
unless the attention of the medical man be excited by some
suspicious circumstance. A child suffering from belladonna
rash, with hot dry skin, quick pulse, and reddened fauces, looks
not unlike one under an attack of scarlet fever. Further, as
before mentioned, some cases are similar to rabies ; and again,
the garrulous delirium and the hallucinations of an adult are
often very similar to those of delirium tr&mens, as well as to
mania.

§ 397. Post-mortem Appearances.~The post-mortem appearances
do not seem to be characteristic, save in the fact that the pupils
remain dilated. The brain is usually hyperajmic, and in one
case the absence of moisture seems to have been remarkable.
The stomach and intestines may be somewhat irritated if the
seeds, leaves, or other parts of the plant have been eaten ; but
the irritation is not constant if the poisoning has been by pure
atropine, and still less is it likely to be present if atropine has
been administered subcutaneously.

§ 398. Treatment.~The great majority of cases recover under
treatment In 112 cases collected by F. A. Falck, 13 only were
latal (11-6 per cent.) The greater portion of the deaths in
India are those of children and old people—persons of feeble
vitality. The Asiatic treatment, which has been handed down
by tradition, is the application of cold water to the feet : but themethod which has found most favour in England is treatment
by pilocarpine, a fifth of a grain or more being injected from
time to time. Dr. Sydney Ringer and others have published a
remarkable series of cases showing the eflScacy of this treatment,
i^mch, ot course, is to be combined where necessary with emeticstne use of the stomach-pump, &c.*

§ 399. Separation of Atropine from Organic Tissues, c&c—Fromtne contents of the stomach, atropine may be separated by acidu-liatmg strongly with sulphuric acid (15 to 20 cc. of dilute H,SO
7no

cc.) digesting for some time at a temperature not exceeding/U and then reducing any solid matter to a pulp by friction'!and filtering, which can generally be effected by tlie aid of a

^^'^ E-inger's cases, iaMC(?<, vol, i., 1876 d "iia -Rof^, „i x
Brtt. Med. Journ., vol. i., 1881, p. 594

; lb., p! 659
^' ^^"^ *°
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filter-pump. The liver, muscles * and coagulated blood &c., may

also be tZted in a precisely similar way. The acid hquul thus

obtained, is first, t^ remove impurities ^hak- up wj^^h amy

nlonhnl and after the separation of the latter m the usual

manner, it is agLted with chloroform, which will take up any

S the remainini amyl alcohol,! and also serve to purify further.

The chWorm°is then removed by a pipette (or the separating

flask before described), and the fluid made alkaline, and shaken

with eTher which, on removal, is allowed to evaporate spon-

i:;"The residue will be found to .conta^ atrop^^^^^

^
^.vP^ent and possibly, sulphate of ammonia, it the latter is

^speft'ed the'residu'e' should be treated with absolute alcohol,

in which ammonia sulphate is insoluble.
i,^ ^.-idifvin-

From the urine, J atropine may be extracted by acidiiym

.viSTulphuric acid, and agitation with
-^^^^^

solvents Atropine has been separated from putrid matters ion

nftlr death nor does it appear to suffer any decomposition by

fe orcWy analytical operations of evaporating solutions

S drvnSs at 100" In other words, there seems to be no

necessity lor operations in vacuo, in attempts at separating

atropine,

2. HYOSCYAMINE.

S 400. This powerful alkaloid is contained in small q^^ntiti^

as its physiological efltects.§

* Neithei- amyl alcohol nor chlorofonn removes atropine from an ac

^

ntt^opine goes into tlie blood

do^na; the
.

separation by the po.son rapul^^tha^^
^^^^ ^^^.^^^

,een

recognised in tlic unne duung tlie nist

'IS. Ber. .Ur D.U.C, O.,.. Oe^U ,3 .549 ». '^i^.S^f^r.-*
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^^l-

rr •
. TT NO "I as separated in the course of

Hyoseyarmne (.017^23^ ^3), I
^igi.ult to dry,

analysis, is a resmoid sticky, ^'^oyP^^'' . ' however, be

and out ot benzene m ™%"«''Si'^„
°

fe^^^^ it dissolves

*rd'iVX~ttToreyeX'i^^^^^^^With difficulty m coia, uui,
. increased. In any

it is hygroscopic, and its ^oluMity is mu

case, it dissolves easily m alcohol, ^ neutralises

^'ttllvC^forms^r^^^^^^^^

§ 401. PharraaoeuUcal
-^^/^J; ; hut the

leaves are alone officinal m ^^^^ ^ope i
occasion-

seeds and the root, oV l^lliT Ve table t (p. 365) will give

ally, especially among
^^'^'^f^^f.jri^^^^

anideaof thealkaloidalconten^^^^ ^^^^^^.^

In order to ascertain
by Thorey has the merit

part of the plant, the process folloyfd ^1^^ \ . petroleum

^f simpUcit^. The substance ^
^f^^ t„ , exU^^

ether, wHch frees it from fat; attei
^f^'^^' ^^^i 40°. The

85 per cent, alcohol at a ^e-pefu-

alcoholic extracts are then umt^^^
.^^^ ^ „^

the residue filtered. The ^1^^?;*;^' ^^^^^^ ammonia, and

tion with petroleum ether, then saturate J
^^^^.^^^ ^^^^.,3

shaken up ^i^l^, ^l^\o™^n'..Ire and ^fter washing with dis-

Sled^^Sfi^^^^^ ^
-^^"^"^

pharmacopcBias ; an extract o^^e seeds m t
^^^.^^^^^^^ pl,,r-

^ ^« oil of hyosoyann^s officinal m
macoposias, but

^^Y\f'^^''^^^^^^ the extract to nine of simple

An ointment, made of one part 01

ointment, is officinal
"^t^'t^f^^^^'^^^^'the spirit) and the extracts

The tincture (after d^^ti^ng oft the s^^^^

(on proper solution)
^fJl'^"^^^^^^^^^^ s^hould be diluted on^

Lge'nt(p.247),wl^^^^^^^^^^ equalluig 6-9S

half; each cc

+ This taWo, taken rom D^^^^^^
,,3earches of Thorey.

finiijcr Slarkivirkenden Diogucn, ciuu
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mgrms. of hyoscyamine. Kruse found 0-042 per cent, of hyoscv-amme m a Eussian tincture, and -28 per cent, in a Russian
^xtract. Any preparation made with extract of henbane will be.ound to contain nitrate of potash, for Attfield has shown the
c^xtract to be rich m this substance. The ointment will require
-^xtraction of the fat by petroleum ether; this accomplished, thedetermination of Its strength is easy.
The oil of hyoscyamus is poisonous, and contains the alkaloidAn exact quantitative research is difficult; but if 20 OTms ofthe oil are shaken up for some time with water acidified^y sui*phuric acid, the fluid separated from the oil, made alkllineshaken up with chloroform, and the latter removed and evaporated, sufficient will be .obtained to test successfully for thepresence of the alkaloid by its action on the pupil of the e^e.
§ 402. Dose and Effects—The dose of the uncrystalline

'ould not read nfi '
i
"^^^ thereupon came into chapel

§ 403. SepamHon J ir
tlie greatest disturbance,

isolation ofthfalUoifr'^'"'-^^^ ^'^^"'^^ Matters.-The
'^vhere a med cinal nre^^^^^^^^ Tf^f °r fluids, in case.
&c Z Ti P^'^Pf^r-^tion of henbane, or of the leaves rnnf

'to so small a quantity as -0083 Lrm I' T ^\

- .»e„ is.jj;, Z^^:^^-.^^^^^

I
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from atropine by tlie fact that the latter giN'es no immediate

the alkaloid.

3. SOLA.NINE.

S 404. Solanine is an alkaloid found in Parts of the plai^^^^

SroT;otg"u£ S'sL^rf»ou* .0^3 p.. cent..

l:r£4ea?rs contain.ut t^^^^^^^^
^,,„

that of the right-angled pnsm. The '^surtion M '
j

weakly alkaline ;
the ^^^^S'^.^^^Z'tL^V^Hs of

ifaiTurs SLri'^rn 'ISg,L not to the degree

possessed by saponine solutions
^^ooerty of gelatinising

^
The amyl ^Ic^hol solution as the pr^

^vhen cold. It does this xf
^,
^« ^^^^^^^^

is so firm that

dissolved in 2000 of hot ainyl olcoho^
any loss.

^ This pecuhar

the vessel may Ss for the presence of

SSI ^^^^j^-^r1^'^

solanine may be obtained "Totals, in m
^^^^^

solanine dissolves freely, and fo^uis

^ f [^hol and in water,

have an acid reaction and f^^^^^^^.t ^vith the acids are

but with difficulty m ether Jhe couipou
^^^^^^^^

not very stable, and several of them aie oio i

*Sc}aoeiz. Wochenschr. rharm., 18CG-S5.
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the solution, solanine separating out from the aqueous solutions
of the solanine salts. The alkaloid may be precipitated by the
lixed and volatile alkalies, and by the alkaline earths. Solanine
will stand boiling with strongly alkaline solutions without dsr
composition; but dilute acids, on warming, readily split it up
into a sugar and solanidine :

—

Solanine might thus be mistaken for a non-nitrogenous gluco-
side. Solanidine has stronger basic characters than solanine.
It melts at 208°, is alkaline in reaction, tastes bitter, is capable
of being sublimed without decomposition, is soluble in alcohol,m ether, and in benzene, but only slightly soluble in water. It
forms with mineral acids scarcely crystallisable salts. By heat-
ing solanine in alcoholic solution with ethyl iodide in closed tubes,
and then treating the liquid with ammonia, ethyl solanine in
well-formed crystals can be obtained. Solanine is precipitated
by phosphomolybdic acid, but by very few other substances
It gives, for example, no precipitate with the followino- re-
agents :—Platinic chloride, gold chloride, mercuric chloride,
potassic bichromate, and picric acid. Tannin precipitates it
only after a time. Sodic phosphate gives a crystalline precipi-
tate of solanine phosphate, if added to a solution of solanine
sulphate. Both solanine and solanidine give with nitric acid at
first a colourless solution, which, on gentle warming, passes into
blue, then into light-red, and lastly becomes weakly yellow
bolanine, dissolved in strong sulphuric acid, to which a little
rohde s reagent is added, at first colours the fluid light-brown •

after standing some time the edges of the drop becomes reddish-
yellow and finally the whole a beautiful cherry-red, which
gradually passes into dark-violet, when violet-coloured flocks
separate.

§ 406. Poisoning from Solanine.—Foisoning from solanine has
been, m all recorded cases, induced, not by the pure alkaloid

Iw uT^!\^^^ "^'^^ laboratory of the scientific
Chemist) but by the berries of the difi-erent species of solanum,and has lor the most part been confined to children. The symn-

meX'";
twenty cases,* which may be found detailed in themeaicai literature of this century, have varied so greatly that the

T?n„l r J?^ y ^"^'^^^ berries are recorded in Lanccf ISf^ft . n
fe^cf '''' ' bei^i/roS^itLS

24
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most owosite phenomena liave been witnessed as effects of

risonSrby the same substance. The most constant pheno-

even catalepsy have
^^^^/^^^tant iton vomiting,

a^pS: TtCWs cLes dilatation of the pupil

""'^aSsSu^d by doses of -1 grm. per kilo. The symptoms
Babbits aie Kiuea uy

J ^ administration, and

Drl«ndo?rCp"otd the poiibility of sepa,atmg solanme

essayed on the solanine thus separated.

4. CYTISINE.

5 408. The laburnum tree, - '"^^fb~oil"

17.1° n^airrottin the alkaloid pure, it is finally crystal-

a bitter, welkly =»ustic tete, and wiH^^^^^^^^ „„a

alkaline reaction, is
"'';2ceCT'ssoWes in anhyd"»s

also very soluble m spirit, l'^^?*'"^, ?,
°' f It may be

other, ehloroform, benzene, and bisulphide of caroon.
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sublimed at 154-5° in hydrogen, in the form of very long needles
and small leaflets ; at higher temperatures it melts to a yellow-
oily fluid, again becoming crystalline on cooling. Oytisine is

one of the strongest bases existing in plants ; it precipitates the
earths and oxides of the heavy metals from solutions of the
chlorides, and even in the cold expels ammonia from its com-
binations.

The nitrate of cytisine(02oH27N30,2NH03 + 2H20)forms large,
thick, transparent monoclinic prisms, losing the water of crystal-
lisation at 100° to 110°, and becoming opaque ; it has an acid
reaction. It is insoluble in ether, and almost so in absolute
alcohol ; but soluble in water and weak spirit. The rest of the
salts.are easily decomposed. A hydrochlorate (02oH27]Sr30,4H01
+ SHgO), a platinum salt of an orange-yellow colour (O20H27N3O
2H01,2PtCl2), a gold salt, at first yellow and flocculent, but later
changing into needles (02oH27N30,2HCl,2AuOl3), a mercury salt
(02oH27N30,4Hg01), and many others, can be olstained.

Concentrated sulphuric acid dissolves cytisine without colour

;

if to the solution is added a drop of nitric acid, it becomes
orange-yellow, and on addition of a crystal of potassic bichromate,
first yellow, then dirty brown, and lastly green. Concentrated
mtric acid dissolves the base in the cold without colour, but, on
warming, it becomes orange-yellow. Picric, tannic, and phos-
phomolybdic acids, potassic, mercuric, and potass, cadmium
iodides, and iodine with potassic iodide, all give precipitates.
Neither potassic bichromate nor mercuric chloride precipitates
cytisme, even though the solution be concentrated.

§ 410. Effects on Animals.—W. Marme found subcutaneous
doses of from 30 to 40 mgrms. fatal to cats; death was from
paralysis of the respiration, and could be avoided by artificial
respiration. Cattle are sometimes accidentally poisoned by
laburnum. An instance of this is recorded in the Veterinarian,
^vol. Iv., p. J2). In Lanark a storm had blown a large laburnum
tree down to the ground; it fell into a field in which some young
heiiers were grazing, and they began to feed on the leaves and
pods, iwo or three died, and three more were ill for some time
but ultimately recovered.
The laburnum, however, does not always have this effect, for

there is a case related in the Gardeners' Chronicle, in which fivecows browsed for some time on the branches and pods of anold laburnum tree that had been thrown aside. Rabbits and

arbr'anches^^
^"""^ ^''"'^ ^^j"'^' P°'i«

o« The sweet taste of many portions ofthe laburnum tree, as well as its attractive appearaiice, has been



372 POISONS : THEIE EFFECTS AND DETECTION. [§
412.

e ^ o^r.5r1m-,+c! V A Falck has been able to
the cause of many accidents, -b

.

a. -l^

„„„es—120 of
collect from medical literature no less than i&O cases i^u oi

which weiS those of the accidental poisoning of children: only

I (or 2 6 pel cent.) however, died, so that the poison is not of

^LnLmi^eS^^^^^^^^^

alLed by its
.^-^^^.f^^^^^^^^^^symptoms, d|ffer^-g o^^^

with especial severity. The

laburnum have been eaten, the "sy"^!?
^^^^''^^X pain in the

rron^Kfs::^trts^{rth„se poions„. the

tree exposed to the influence of sunlight, f

The Josi-«iorie7rt appearances are, so far as known, j

characteristic.

VII -THE ALKALOIDS OF THE VERATRUMS.

§ 412. The alkaloids of the .er^rn^s ha^J
^-n recently

inlestigated by Dr. Alder Wright and Mi. A. -f
•
i^u s

-.oAo + Brit. Med. Joum., 1875.

*
JSJcZ. ilfecZ. /owrn., 1843.

Pnnham iu wliich ten cliildreu eat

t See also a case related by
J^P^^'^l^'' '''^11 recovered. B. and F.

laburnum seeds; the pupds w^^^^ Usher, Med.

ilfed CAir. i?meu;, Ap., 1863 , also a ca i ^
„ „^

Times and Gazette, Sep. 15, Ibb^. Wright, D.Sc, and

§ "The Alkaloids of the Veratrums, by
.f^jfj^^i-aioigs of Veratrnm

A. P. Luff, /onm. f'l''v^''il%' //: isTO
Kirirfe," by C. R. Alder Wright, D.Sc, lb.

,
IS/ J.
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their researches it appears that both the Veratrum viride and the
Verairum album contain several distinct alkaloids, some of which
are crystalline, others amorphous, and two only of which are
sternutatory. The proportions of the different alkaloids in the
V. album and V. viride is given as about the following per kilo, of
roots :

—

TABLE XVIL—ALKALOIDS IN THE VERATRUMS.

V. Album. V. Viride.

Jervine, .... 1 "3 grm. •2 grm.

Pseudo-jervine, •4 •15 „

Rubi-jervine, . •25 „ •02 „

Veratralbine, . 2-2 „ Traces.

Veratrine, •05 „ Less than '004 grm.

Cevadine, Absent. •43 „

oJot-^^oo^f
''"''i^26H37N03,2H20), when anhydrous, melts at

to 2d9 : it forms a very insoluble sulphate and sparingly
soluble nitrate and hydrochloride. Treated with strong
sulphuric acid it dissolves to a yellow fluid, which become!
successively dark-yellow, brownish-yellow, and then greenish
After standing a little time a green tint is developed, afterwards
becoming dark-green. The green shade is immediately developed
by diluting with water.

u^^to^fo"?-^™" (O29H40NO7) crystallises anhydrous, and
melts at 299 , forming a crystalline sulphate and hydrochloride :

It gives the same play of colours as jervine, and has no ster-
nutatory properties.

I
415 Rubi-jervine {O^^H^^l^O^) is a crystallisable base wholly

diflerent from jervme, yet probably closely allied to it. It forms

TTOi^A
1°"^! indistinctly crystalline gold salt (O^oH-^NO,,

ttUl AuOlg)
:
It gives a different play of colours from jervine with

sulphuric acid. The concentrated acid dissolves rubi-iervine toa clear yellow fluid, becoming successively dark-yellow, brownish-
yeiJow, and brownish blood-red, changing after several hours to

Drownish-red liquid, it becomes successively crimson, purple,
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natatory base, gives, when a speck ot the^u
^^^^^^^

in sulphuric acid, a play of
^'^^'J^^^gl, blood-red with a

dark-yellow, brownish-orange, and
^^^^^^^^ ^^fieation.

strong green fluorescence^ ^^^'^'^ -fa crystallis^able alkaloid,

§ 417. Veratrme i^^y^^f ^ll^^ sensory nerves of the mucous
which is a P^^/^f^^;'^^ Treated with concen-
membrane, and excites

-^1^X^17^.^ ^,,^ colour, deepening
trated sulphuric acid,

^^^f^""f . ^^assing into carmine-

into orange, then into l^l««tiul^^^^^^
red. If the freshly-prepared sulphuiic aci^^^

produced,

with bromine ^^ter ^beau^ful purple^ c^^^^^^^^ 1

Concentrated hydrochloric acid dissolves ve^^^^

production of colour b^^*;,-^^^^^ with
beautifully red. -'-h^!„^^^?^';!:__._i„^ vields veratric acid.

''I "^r^r ''X^o'tTo (TrcXratrine).-It has power-

§ 418. Cevadine, 032^46^^9
^^'J^

. influence of saponi-

ful sternutatory properties, ^^d, under t^^^^^

or tiglic acids. It

fvincr acrencies, yields cevadic, methyl c™*^^'''' °'
.906°

rc%'tSline,kJdhasamdti^^^^^^^^^^

The method which Dr bright adopted to extr F^^^^.

these alkaloids from the root of F.
^^^^ ^ Uttle

tially consisted in
^^^^"/J^^^g J^^^^S

tartaric acid had been ^dde^'
^^Ssl^'vith caustic soda, and

dissolving the residue m
^^^^l'^^^^^^^ was next separ

shaking up with ether. The ethereal soi
^^^^^^^ ^cid, so

rated, and then -J^^ed witb -at^^ «onta^ „ ^^^.^ ^

as to obtain a solution of the ^^^^^^ ^ Ultimately a

soluble in it. , hitherto consisted of a mix-

§ 419. Commeraal Vemtnne
^^^^^^^ from l". albrm

tu?e of alkaloids, and is indeed ^^P^^^^^^g/ As me

nor F.^mc^e. but from the se^ds of

^^^^^^^
powder withou

with in commerce it is a y^ite seim c y i'^^
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It is scarcely soluble in water, dissolves easily in alcohol,

chloroform, and ether and amyl alcohol ; it is somewhat in-

soluble in petroleum ether. It dissolves in acid holding water,
and is precipitated by alkalies. The precipitate becomes
gradually crystalline, and is soluble in excess of potash. Com-
mercial veratrine gives the reaction with hydrochloric acid, as
well as that with sulphuric acid and afterwards bromine.

§ 420. Pharmacmtical Preparations.—The alkaloid is officinal

in the English, American, and Continental pharmacopoeias.
There is also an unguentim veratrice—strength about 1-6 per
cent. In the London pharmacopoeia of 1851 there used to be a
wine of white hellebore, the active principle of 20 parts of the
root by weight being contained in 100 parts by measure of the
wine. Using Dr. Wright's results, such a wine would contain
about -084 per cent, of total alkaloids. Of the green hellebore
there is a tincture {tinctura veratrum viride), to make which four
parts by weight of the root are exhausted by 20 parts by
measure of spirits : the probable strength is -016 per cent, of
total alkaloids.

§ 421. Fatal Dose.—The maximum dose of the commercial
alkaloid is laid down as 10 mgrms. (-15 grain), which can be
taken safely in a single dose, but nothing sufficiently definite is
known as to what is a lethal dose. 1-3 grm. of the powdered
rhizome has caused death, and, on the other hand, ten times that
quantity has been taken with impunity, so that at present it is
quite an open question.

§ 422. Effects on Animals—Physiological Action.—Ex.^erime.nts,
on animals have proved that the veratrums act on the sensory
nerves of the skin, and those of the mucous membranes of the
nose and intestinal canal; they are first excited, afterwards
paralysed. It exercises a peculiar influence on voluntary muscle

;

the contractility is changed, so that when excited, there is a
long-contmumg contraction, and from a single stimulus more
heat is disengaged than with healthy muscle ; the motor nerves
are also affected. The respiration, at first quickened, is then
slowed, and finally paralysed. The heart's action is also first
quickened, the blood-pressure at the same time is raised, and the
small arteries narrowed in calibre ; later follow sinking of the
pressure, slowing of the heart, and dilatation of the vessels, and
the heart becomes finally paralysed.

§ 423. Effects on i/ciTi.—Poisoning by veratrum, sabadilla, or
pharmaceutical preparations containing veratrine, is not common
Ji'lenk witnessed a case in which the external application of
sabadilla powder to the head caused delirium, and Lentin also
relates a case in which an infant at the breast seems to have
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died from an external application made for the purpose of

destroying - lice. In both instances, however, there is a possi-

bility that some of the medicament was swallowed.

Bias recorded, in 1861, the case of two children who drank a

decoction of white hellebore, the liquid being intended as an

external application to an animal. They showed serious symptoms,

but ultimately recovered.
. s ^ .

•

A scientific chemist took 3-8 grms. (58 grains) of the tincture

of green hellebore for the purpose of experiment. There foUowed

violent symptoms of gastric irritation, vomiting, and diarrhoea,

but he also recovered.*

Casper relates the poisoning of a whole family by veratrum ;

from the stomach of the mother (who died) and the remains of

the repast (a porridge of lentHs) veratrine was separated.

Fabert recorded the poisoning of thirty cows by veratrum,

eight died, and it is noteworthy that violent poisonous symptoms

were produced in animals partaking of their flesh and milk.

8 424 The symptoms appear soon after the ingestion, and

consist of a feeling of burning in the mouth, spreading down-

wards to the stomach, increased secretion of ^ali- .^^^ dbfficu *y

of swallowing; then follow violent vomiting and diarrhcEa w th

greJ pain in tie bowels, often tenesmus ; there is also headache,

Giddiness, a feeling of anxiety, and the pupils are dilated

The consciousness is ordinarily intact
;
the V^^^^ .'^^^^^^ed

slow and the breathing embarrassed; the skin is benumbea

There maybe also formicating feelings, and twitchings m tl^e

muscles, with occasionally the tetanic cramps, ^^^^^J^^^^^^^^^

stantly seen in frogs. In cases which end fatally the
<J^«^^^^^^^^^

of the breathing and circulation increases, and death takes place

'^iS^lSportant case of slow poisoning is on ^^cord J iJi which

two brothers, aged twenty-one and twenty-two 1^^^^'

nine and eleveS weeks of Ulness, evidently from repeated small

doses of the powder of Veratrum album. They became very w eak

and tht suffered from diarrhoea and bloody stools, sleeplessness,

disturbance of the intellect, and delirium.
.

• . even
S 425. The post-mortem signs do not appear dastinctive ev

in the case just mentioned-in wh ch one ^^^^
expect to^^^^^^

at all events, an extensive catarrh of the intestinal canal

results seem to have been negative
^^o+hod of Stas

§ 426. Separation from Organic Matters.-Tho method ot .

(by which the organic matters, whether the contents of

3Ied. Times and Gazette, Jan. 3, 1863.

+ Zeitschr.f. Slaatsarzneik., lSG2.

t Nivet and Geraiid, Gas. Hebdom, ISbL.
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stomach or the tissues, are treated with alcohol, weakly acidified

by tartaric acid) is to be recommended. After filtering, the
alcoholic extract may be freed from alcohol by careful distilla-

tion, and the extract taken up with water. By now acidifying
gently the watery extract, and shaking it up with ether and
chloroform, fatty matters, resinous substances, and other im-
purities, are removed, and it may then be alkalised by soda or
potash, and the veratrine extracted by ether. The residue should
be identified by the hydrochloric acid and by the sulphuric acid
and bromine reactions; care should also be taken to ascertain
whether it excites sneezing.

VIII.—PHYSOSTIGMINE.

§ 427. The ordeal bean of Calabar {Physostigma faba) is a
large, all but tasteless, kidney-shaped bean, about an inch in
length and half an inch thick ; its convex edge has a furrow with
elevated ridges, and is pierced by a small hole at one extremity.
The mteguments are cofiee-brown in colour, thin, hard, and
brittle

;
they enclose two white cotyledons, easily pulverisable,

and weighing on an average 3-98 grms. (61 gi-ains). The seed
contains at least one alkaloid, termed Physostigmine (first sepa-
rated m 1864 by Jobst and Hesse), and possibly a second,
according to Harnach and Witkowsky, who have discovered in
association with physostigmine a new alkaloid, which they call
talabarine, and which differs from physostigmine in bein<^ in-
soluble m ether and soluble in water. It is also soluble in
alcohol; and further, the precipitate produced by potassium iodo-
liyclrargyrate m calabarine solutions is insoluble in alcohol.

§ 428. Physostigmine, or Eserine, is not easily obtained in a
crystalline state, being most frequently extracted as a colourless
varnish, drying into brittle masses. It is, however, quite pos-
sible to obtain It in the form of partially-crystalline crusts, or
even rhombic plates, by care being taken to perform the evapora-
tion, and all the operations, at as low a temperature as possible
and preferably in a dimly-lit room; for, if the temperature rises
to 4U

,
much of the alkaloid will be decomposed. Hesse recom-mends that the beans be extracted by alcohol, the alcoholic

solution alkalised by sodic carbonate, and the liquid shaken up^ith ether, which will retain the alkaloid. The ether solution

L^r.f^T^.^'f''^ ^^ig'^tly ^ith very dilute sulphuricacia the fluid, of course, separates into two layers, the lower of^vhich contains the alkaloid as a sulphate, the uppe^ is the lther.
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which is withdrawn, and the acid fluid passed through a moist

filter. The whole process is then repeated as a purification.
_

Ac^ain, Vee, who has repeatedly obtained the alkaloid m a

crvstSne condition, directs the extraction of the beans by

ZS^2eTol.olio.ol.tionto be treated as before with sodic

carbonate and then with ether; the ethereal solution to be

rvaporate'd to dryness, dissolved in dilute acid, precipitated by

^ugL of lead, and the filtrate from this precipitate a kalised by

notassic bicarbonate, and then shaken up with ether The

ethereal solution is permitted to evaporate spontaneously the

cJvSne crusts are dissolved in a little dilute acid, and the

Tolut'on is lastly alkalised by potassic bicarbonate, when, after a

few minutes, crystalline plates are formed. . •

The formula ascribed to physostigmme is pi5^2i.-^ 3^2- ^
c+rnLlv alkaline fully neutrallising acids and forming tasteless

far n il eTsi y mJlted, and perhaps partly decomposed, at a

Smperature of d^; at 100" it is certainly changed,—fv
I red colour and forming with acids a red solution it dissolves

Easily in alcohol, etherr chloroform, and bisulphide of carbon,

nhesl^tl'm^^^^^^^^^^^^^
-itl^the acids are generaUy

hv^coS anTuncJystallisable, but an exception is met wath

fn tS hy^drobromide, which crystallises in stellate groups.* K

^ is mssed into water containing the alkaloid m s^fP^/^^*^^'

rcfea?soMtion is obtained; but the slightest -rm
^

^.com^

^oses the soluble salt and^repreci^^^^^^^^^

hvdrargyc hydroiodide (Oi5±l2i-'^.3^2'-^-^'-^-^-^o '
cnbible in

solidify again in the amorphous condition.
Dra^en-

Tb7 most delicate chemical test is probably that ot ^^a

than -06 of a mgrm.t
, . ^ nhvsosti'-mine with the

Concentrated sulphuric acid dissohes
fj^'^'ll^^^^^^^, citric

production of a yellow colour, changing ^-to olu e ree:

Lid (cone.) also gives -
°J ^^^^^^^^^^^^^ ft^m an acetic acid solu-

bonated alkalies precipitate the alkaloK^^
^^^^^^

tion in the form of oily drops. O^^^^^^^
hydrochloride a

^cid, which throws down Irom a solution of

J^^^ ^ble in bydro-

reddish-white flocculent precipitate, not easily soiu

* M. Duquesnel, Pharm. J. to. [3], v.. 847.

t Husemann's Jahresbencht. 13/ ^.
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chloric acid ; chloride of gold, a blue, with quick reduction of

gold ; mercuric chloride, a reddish-white precipitate, easily solu-

ble in hydrochloric acid. It gives no precipitate with platinic

chloride.

§ 429. Pharmaceutical Preparations. — The only preparation

officinal in this country and abroad is a spirituous extract

(Bxtractum physostigmatis), used principally for external applica-

tion, the dose of which is not more than 18"1 mgrms. ("IS grain).

§ 430. Effects on Animals.—A large number of experiments
have been made upon animals with physostigmine, most of them
with the impure alkaloid, which is a mixture of calabarine and
physostigmine. Now, the action of calabarine seems to be the
opposite to that of physostigmine—that is, it causes tetanus.
Hence, these experiments are not of much value, unless the
different proportions of the alkaloids were known. Harnack
and Witkowsky* made, however, some researches with pure
physostigmine, of which the following are the main results :

—

The smallest fatal dose for rabbits is 3 mgrms. per kilo.; cats
about the same ; while dogs take from 4 to 5 mgrms. per kilo.

Frogs, under the influence of the alkaloid, lie paralysed without
the power of spontaneous movement, and the sensibility is

diminished; later, the breathing ceases, and the reflex irritability
becomes extinguished. The activity of the heart is through -5

mgrm. slowed, but at the same time strengthened.
The warm-blooded animals experimented upon show rapid

paralysis of the respiratory centre, but the animal by artificial
respiration can be saved. Fibrillar muscular twitching of all

the -muscles of the body are observed. Death follows in all

cases from paralysis of the respiration. Experiments (first by
Bexold, then by Fraser and Bartholow, and lastly by Schroft')
have amply shown that atropine is, to a certain extent, an
antidote for physostigmine poisoning. Fraser also maintains
an antagonism between strychnine and physostigmine, and
Bennet that chloral hydrate is antagonistic to physostigmine.

Effects on Man.—The bean has long been used by the super-
stitious tribes of the West Coast of Africa as an ordeal, and is
so implicitly believed in that the innocent, when accused of theft,
•will swallow it, in the full conviction that their innocency will
protect them, and that they will vomit up the bean and live.
In this way, no doubt, life has often been sacrificed. Christison
experimented upon himself with the bean, and nearly lost his
life. He took 12 grains, and was then seized with giddiness and
a general feeling of torpor. Being alarmed at tlie symptoms, he

* Arch./. Pathol, u. Pharm., 1S7G, Bd. v.
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took an emetic, which acted. He was giddy Mnt and seemed

to have lost all muscular Po^er ; the heart and pulse were

extremely feeble, and beat irregularly. He afterwards fell into

a sleep and the next day he was quite well.
, , t •

i

SuTust, 1864, forty-six children were poisoned at Liverpool

by eattnlsome of the be'ans, which had been ^^^own on a rubbish

hL" being part of the cargo of a ship from the West Ooa| of

Africa A boy, aged six, eat six beans, and died, in April ot

4e same Year%wo children, aged six and three years, chewed

and rafthrb^oken fragments of one bean ; the usual symp oms

of gastric irritation and ^^^cular weakness
_

followed but both

recovered. Physostigmine contracts the ins to a PO"^^, the

TctionTs quite local, and is confined to the eye to which it s

apXd When administered internally, according to some it

S no effect on the eyes, but according to «W ^^^^^^^^

effect in contracting the pupil. In any
.^'^^f 4™ ^

opinion shows that the effect, when internally administered,

not one of a marked character.
i

•
i

• „i ap+^nn of

$ 431. Physiological Action.-^^^ physio ogical action ot

between physostigmine and nicotine exists m constant con

^live e£s of the former, and in the greater influence on the

heart of the latter.
-Rnt little is known relative

§ 432. Post-mortem ^p^ewes.-But httie is kno

to the post-mortem appearances likely
.^^JZ^^i^vroh^^^l

poisonings redness of the stomach and intestines pro j

the chief sign. ,i extraction of

§ 433. Separation of recom-
physostigmine from the fluids «f

acidified)

mends benzene: the alcoholic fil^eied extract^

maybe agitated with such
^^^^'^^f ^SJed and shaken

in order to remove colouring matter
;

J
spontone-

up with benzene, and the letter allowed to e^ apo^^^^^^^^^^

ously-all the operations being, as befoie
«<;^Jg;/^^^^,,aing

under 40°. If much coloured, it may
^-J^^^^^l ^^,^gU of

to the principles before mentioned. ^ J^X^en taken to

the extract (or other medicinal
P^^P^^^^^^^tould S^^^^^ not

destroy life, the analyst, with proper ^^7'™ ^/of the itive

have much difficulty in separating a small q^^nUty °t
^^^^^

principle. It is rapidly eliminated by the saliva
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secretions. In most cases it will be necessary to identify
physostigmine by its physiological activity, as well as by its
chemical characters. For this purpose a small quantity of
the substance should be inserted in the eye of a rabbit;
if it contains the alkaloid in question, in twenty minutes
at the very latest, there will be a strong contraction of the
pupil, and a congested state of the conjunctival vessels. Further
researches may be made with a small quantity on a bird or
frog. The chief symptoms observed will be those of paralysis
of the respiratory and voluntary muscles, followed by death. If
a solution is applied to the web of a frog's foot, the blood-vessels
become dilated. Physostigmine appears, according to Dragen-
dorff and Pander, to act as an irritant, for they always observed
gastro-enteritis as a result of the poison, even when injected
subcutaneously. The enhanced secretion from all mucous
surfaces, and the enlargement of the blood-vessels, are also
very constant symptoms. But of all these characteristics, the
contraction of the pupil is, for the purposes of identification, the
principal. A substance extracted from the tissues or other
organic matters, in the manner mentioned, strongly contractino-
the pupil and giving the bromine reaction, would, in the present
state of our knowledge, be indicative of physostigmine, and of
that alone.

§ 434. Fatal Dose ofPhysostigmine.~One mgrm. (-015 o-rain) as
sulphate, given by Vee to a woman subcutaneouslyr caused
vomiting, &c after half an hour. A disciple of Gubler's took
2 mgrms. without apparent effect; but another mgrm., a littletime after, caused great contraction of the pupil and vervserious symptoms, which entirety passed off in four hours It

Selv J^h ^ ''^^ (^«. 6 mgrms.) would be

llflJ
^^f^^gerous. If so, man is far more sensitive to

aW SO^^'r 3 mgrms. per kilo.-that is

fetafdose ^
be much beyond the least

IX.—PILOCARPINE.

fj- ^''T '^^''^^ jaborandi, Pilocarpius vmnatnfplms (Nat. Ord. Rutacea^), two alkaloids have beenCmmSdjaborandi and pilocarpine.
separated—

Jaborandi {Q^,11^^^ 0,^ is a strong base, differin.r fron, nilncarpine m its sparing solubility in water and mnr! ^
i-lubility in ether; it! salts are^oluble^t

'wat TnTalcTo?;
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but do not crystallise. P. Ghastaing,* by treating pilocarpine
dut; CIO nui; ^ly^

„f „;+r-lo acid obtained nitrate of jaborandi,
™,th a large

J".''" ''jf^^f
™ """^ "^i obtained

2t onaS hence/it see^s that jaWndi is

S , f rn^TiPrflt acids crvstalbsable salts, ine nitrate

:r?:ct i-g« ^^^^^^^
-- -r;?:

SfcXn^iil -id P^oc„-

fotr'Ts'p— ^.
It ma/ be extracted f-^r.^:"?

solution made alkaUue by ammonia, by sliaKin^ up

°'iT37V«J'-pXcarpine, given subcutaneously in doses of

perspiration and salivation, the iace '^ec°mes ^ ' .

^Je body sweats at
^^^^^^^^^^^^^^ pStiTbe secreted,

much increased that m a few
^°^;%°J,%^/ij,testiL^ secretions

The tears, the bronchial secretion and Jli^
^^^^^^^^^^ ^ ^

are also anl the

desire to P^f^/f % o^^'
.P^^^^^^ s^toms last from two to

temperature falls from 4 *° \^^^^f
^

'^^^^^ over-action of the

five hours. Langley has i^^^^^ fsttion eite of the cMs
submaxillary gland is

^^^/f the aland. Although

tympani, or of the sympathetic
^ recording to

/iloLpine quickens ^ ^ P^l^^^^^^^^^ and that of

Langley,t the heart of tlie warm Diooc
>g researches

the Wg. With re^^^l'o ^:^ S ,f heaS stops in diastol.

are confirmatory. Witn lar e ti"=>^

recently stopped, a

If to the heart thus slowed, or
^^'^.^J^^ f "^.^"^^^^^^

.

Linute quantity —J:X;o\Sm S^^^^^^^
There is also a most complete

^^J^ ie stopping the excess^-e

pilocarpine in other respects, atiopme stoppi „

» Compt. Fend., vol. xciv., P- 223. „ . j j^t_ Langley, B.A.,

t
" The Action of Jaborandi on the Hearc, uy

Journ. Anat. and Physiol, vol. x., p. lb/-
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perspiration, and relieving the headache and pain about the
pubes, (fee. Pilocarpine, given internally, does not alter the size
of the pupil, but the sight may, with large doses, be aflfected. If
a solution is applied direct to the eye, then the pupil contracts.
No fatal case of its administration has occurred in man. The
probable dangerous dose would be about 130 mgrms. (2 grains)
administered subcutaneously. Pilocarpine must be classed
among the heart poisons.

X.—TAXINE.

§ 438. The leaves and berries, and probably other parts of the
common yew {Taxus baccata), are poisonous. The poison is pro
bably due to an alkaloid (as yet imperfectly studied), which was
separated by Marme, and who called it taxine. Taxine is a
snow-white powder, of bitter taste, with difficulty soluble in
water, but dissolving in alcohol, ether, and diluted acids It
gives with phosphomolybdic acid a canary-yellow precipitate
and with tannui a white precipitate, becoming crystalline on
standing. Picric acid gives a yellow precipitate, and iodised
potassium iodide reddish-brown crystals.* It may be extracted
from fluids made ammoniacal by chloroform or benzene. Con-
centrated sulphuric acid strikes with it a red colour The
platinum, gold, and mercuric compounds are easily soluble.

1.1 tf {^J'^i^> Fe^a-Falck has been able to collect no
less than 32 cases of poisoning by difi-erent parts of the yew-9were from the berries, and the rest from the leaves Thev

T/'"'"^ ' P^^^«^^ «r 62-5 per cent
^

§ 44U Effects on Animals-Physiological Action.—Yrom the

Tnetlf c^r'"^r'^"' ^PP^'^^ taxine acts uponthe nervous centres-the nervous trunks themselves and theW afte?rr^^
their excitability unimpaired, ^versome

h J'^^^'
P^^'^ly^i^ «f *he respira-tion, the heart beating after the breathing has stopped The

inSnr^'T"'^? ^^-^ '^'^ actFon on theintestine is referred to this cause.

rJ..u \ -^'^f'
'^'^ 7¥«J^.-Several deaths from yew have

Asvlum \ \ '^rP^'' ^ ^'^"^ *he Cheshire CountyAsylum, a female, aged forty-one, was suddenly taken ill, ap

Journ. ^/^^soc' m^^f^^"}-- PP- 349-355;
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T)arently fainting, her face pale, lier eyes shut and pulse almost

irnerceptM Upon the administration of stimulants she some-3 revived but in a little while became quite unconscious.

ThfpS were contracted, and there were epileptiform convul-

inns^TLCC^ded by stertorous breathing. These convulsions
sions, s^cf

, ,
• the action of the heart became

at the rarksiae i^sy , f
^^^^^ ^^^^ stomach,

epileptic fit. Yew leaves wer^
decoction of the leaves

In a case quoted by -^^^7^°^' "^3';'
mirnose of exciting men-

.as drunk by a girl aged
^^^^^^^^^^ ^ fo^ successive moWgs.

and suffocation. , £ ^^^g who

§ 442. Post-Mortem Served in the

drank the decoction nothing
^^-^J^^ iS^el have been

stomach or organs of the body
; membrane

eaten, usually more or less congestion of the mu

of the stomach, ^^s well as of the boweis

the case of the child who
^^VJ^d SSc^ested pulp of the

r-tairsS mucousm" e reZ injpatches

Sroft:"d t^^^^^^^ intestines were also inflamed.

XI.—CUBARINE.

§ 443. Commercial curare is a
^^^.f

^ ^^^^^^^^^^^^^

abL 83 per cent, of which - - ^^^fV g^^^^^^^ -tracts, from

spirit. It is a complicated mixture oi „

* Phar. Journ. [3], No. 294.
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which, however, a definite principle possessing basic characters
(curarine) has been separated.
The extract is an arrow poison prepared by different tribes of

Indians in South America, between the Amazon and the
Orinoco; therefore, samples are found to vary much in their
poisoning properties, although it is noticeable that qualitatively
they are the same, and produce closely analogous symptoms.
It IS supposed that some of the curare is derived from different
species of strychnia. This is the more probable, because, as
before stated, the South American strychnines paralyse, and do
not tetanise. It is not unlikely that the active principles of
curare (or woorari) may be methyl compounds similar to those
which have been artificially prepared, such as methyl strychnine
and methyl brucme, both of which have a curare-like action
• ^,Z"r7''^ fi^^* separated by Preyer in a crystaLHne form
in 18b5. ile extracted curare with boiling alcohol, to which afew drops of soda solution had been added, evaporated off the
alcohol took up the extract with water, and, after filtration,
precipitated by phosphomolybdic acid, which had been acidifiedwith nitric acid The precipitate was dried up with baryta water,exhausted with boiling alcohol, and curarine precipitated fromthe alcoholic solution by anhydrdus ether. It may also beobtained by precipitating with mercuric chloride solution, and

st;S &c
"'""'^ afterwards by means of hydric

Curarine, when pure, forms colourless, four-sided, very hy<.ro-

ZTle^ir: f "^^^ly -'^^'^^ reaction
;

rlSu ^^^^ alcoiiol in all proportions, but withlifiiculty soluble m amyl alcohol and chbroform, and not alallin anhydrous ether, bisulphide of carbon, or benzene The base

Sr 'gfralt'' ^r''^
with hydrochloric, nitric, and acetSacicls. Ourarme strikes a purple colour with strong nitric acidConcentrated solutions of curarine mixed with dll.e llycerSe

ISaritn P-^P^^ft-^^P^*^^^- bichromLrSthe
?oToT p, '^T'^^ '^^P^^"° ""^'^ ^t"'^^^ a beautiful blue

chromate bv^^" T^*' J'
distinguished from strychnine

easnlb-Ll TAT^^f character, and by its comparatively

Sxec anr (i,

.^he chromates of strychnine and curarine be

stJvchnina
'"'"'''^ chromates be treated with ammonia,strychnine will be precipitated, and curarine pass into solutionthus forming a ready method of separating them.

'

Hnl,.ii ^#ecfe.— According to Voisin and

mn tus: ?n'"rar/ -i-^ions of cuJLe'^n
annlJpaf^ ' .T""^^ irritation at the place nfapplication, swelling, and pain. The temperature of the body is
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raised from 1° to 2°, and the number of respirations increased from

4 to 8 per minute. The pulse becomes somewhat stronger and

more powerful. The urine is increased, and contains sugar. Large

doses aTministered to warm-blooded animals cause, after a short

time complete paralysis of voluntary «

^

ex"Sabn%, and^he animal dies in asphyxia, the heart con-

TM? stat'^e'is best produced for the purpose of experiment on

fro^s and indeed, is the best test for the poison. A very mmute5 inrected benkth the skin of a frog soon paralyses both the

vXntirv and respiratory muscles ; the animal continues to

Wth by the skin; the heart beats normally, or, perhaps, a

ing proof that
1^ J the urine of a frog poisoned

experiment oi bitlcler,
, , t-u,, „rine of tlus

ill effects follow. It is hence presumed that in the
^ ^

the poison is, ««-Pff J^^Tt^ rl, U^d^^^

die is t'hrown suddenly into the cjcuM--
^ ^^^^^ ^^^^

§ 445. Separauon ^^r^r^^'llZ^ ZL it has entered

toxicologist will have to
*°\.\^;^,\"bcutaneous injection ;

so

the body by means of a wound o by
«^ ^ "bought for.

* Arch./. Anat. u. Physiol. 1870, p. 59S.
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acid, to precipitate albuminous matters, &c., by strong alcohol,
and separate, by means of benzene, fatty matters. The liquid is
then made alkaline, and shaken up with petroleum ether, which
removes certain alkaloidal matters. It is now evaporated to
dryness, mixed with finely-powdered glass, and extracted with
absolute alcohol. The alcohol is evaporated to dryness, and any
curarine extracted from this residue with water. By very
careful drying up of this last extract, and taking it up in alcohol,
the alkaloid is said to be obtained so pure as to respond to
chemical tests. The identification may be by the colour reaction
of sulphuric acid described ante, in all cases supplemented by
its.physiological action on frogs.*

XII.—COLOHIOINE.

§ 446. The whole of the ColcMcum autumnale, or common
meadow-safiron, is poisonous, owing to the presence of an alkaloid
(discovered by Pelletier and Oaventou) called Colchicine.

* It is known that curare may cause sUght symptoms of excitation beforethe paralysis comes on. M. Couty has succeeded in isolating these symptomsby employmg feeble extracts of strychnos tripUnervia, or small SHfcertain native preparations. By these means in dogs, a new phase ofintoxication may be present for ten or even twenty m'hiutes Int firstinstance the animal is agitated, jumping, scratchina, barkhi^ as if in pstate of general hyperassthesia. Then it Drespnt-Tl^^lf tif •' I \
^

Jemor3 ,
t,e pupiAate and are altTrnl^^'Sed'fdtXa'cttd"^
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According to Joliannson's experiments, the dried cokhicum

seeds contain M5 per cent, of colchicine ;
the eaves, 1-459 per

cent. : the bulbs, from 1-4 to 1-58 per cent. ;
and the roots, 0-634

per cent. The frequent poisoning of cattle m the autumn by

colchicum, its use in quack pills for rheumatism and its supposed

occasional presence in beer, give it an analytical importance

S 447. (7oZcMcm«(Ci,Hi9N05) may be extracted from the seeds,

&c; in the manner recommended by Hubler :-The seeds are

treated, without crushing, by hot 90 per
^^^^^.f

' , J
alcoholic solution evaporated to

^ ^Jf^^P' ^^^^^^
^^.^^^^.'fJ

twenty times its bulk of water and filtered; the liquid is next

treated with acetate of lead, again filtered, and the lead thi-o^vni

out by phosphate of soda. Colchicine is now precipitated as

a tannate,* the formula of which, according to Hubler, is

30,,H„NO„20o,Ho20,,. The precipitation is best fractional the

and pUons^ being rejected as -ntainmg nnp^^^^^^^

The tannate is decomposed in the usual way with lithaige, and

"'pi- ttod is, however, extraction by chloroform from

an aqueous solution, feebly acidified, as recommended D-^cS
dovS. The parts of the plant are digested m very d^ute ac d

water, and the resulting solution concentrated
^J^^

/haken u^^

with chloroform, which is best done m the separating tube,

described and figured (p. 142).
•

i mimmv
Colchicine is usually obtained as a y^^^^/^.^^^ '

^^^^^^

or resinous mass; but it is also possible to f ^^?fJ^'f;^^^^
needles and prisms. It softens at 130 ,

and at 140 ^^^l^^^^^^^^^^

solves slowly but in every proportion m water; the solution

s neutral It dissolves easily in spirit. Pure colchicine is

said by Hubler not to dissolve in ether-a st^atement contra-

dTcted bvGeiger and Hesse, with whom Dragendorff agrees, and

adc s thlt it it also soluble in benzene amyl alcohol, and chloro-

?orm but not in petroleum ether. Dilute acids and alkalies d^^^

solve it, the solution becoming slowly or quickly cdo red

intlnsei; yellow, whilst a decomposition takes place. Boilmg

;trmutlacid,'and also the P-tracted actio, of b^^^^^^

in closed tubes, forms colchiceme. Concentrated potash lye ,ive ,

nnon heatinc^ with it, a brown resinous substance.
,

, j

""cwSl" crystallises in needta or iu S '"-"8 ^tS«
tastes less bitter than colcMcnie ; it melts at loo

,
dissohes

• The purest tannic acid mast be used TJ,c ^SllStaS'S
!«:j?";?.:l^iarSr»:M ea^pcadi.. ia

water, and separating the lead by SHa-
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little in cold, copiously in boiling, Avater. Its difficult solubility
.

m cold water may be taken advantage of to separate it from
colchicine

; according to Dragendorff, a sufficient quantity of
water for this purpose must be used, since it is more soluble in
solutions of colchicine than in pure water ; is soluble in chloroform
methyl and ethyl alcohols, but soluble with difficulty in ether
it appears to be an acid, forming salts with the alkalies • its
precipitants are—tannic acid, phosphomolybdic acid, picric acid,
chloride of gold, &c.

Colchiceine gives a remarkable series of colours with the in-
organic acids-a property which may be utilised as a test either
tor the presence of colchicine, or, conversely, for the presence ofmineral acid m such liquids as vinegar, &c. Concentrated nitric
acicl ot 1-4 specihc gravity colours either colchiceine or colchi-cetme violet-blue, changing into yellow, and lastly passing into
green. If the violet solution is diluted with water it becomesye low and, on the addition of soda, a beautiful orange-yellow or
red. Concentrated sulphuric acid dissolves colchiceine with anintense yellow and if to this solution a drop of nitric acid beadded, a dark brown zone is produced, passing gradually through
violet and brown into yellow.

'^^qU

rlJJ"^
«f acids is also very distinctive, although slightly

IZ ZIT' 7 ' 'J
^ colchicine be extracted by alcoholand water from a few grains of the seeds, and the yellowishsolution diluted until the colour is scarcely perceptible T^ncentrated sulphuric or nitric acid gives a^ very Cnouncedyellow, which a drop of HCl changes to a blue-violet

tStdTi^h 'tl^:
" ^'f'""? -ncen

Spslforfng^ ^ «f -d-- acetate,

The precipitants of colchicine are chiefly chloride of ^old and

&e Tntnof 'T'"" potassifcadm^

ChWe w t^.
'^^^ ^"^'^'^y^^' precipitate.

precTprtatrlj i^^^^ ? ^ ""^^'^^ °^ colchicine, a yellowprecipitate which dissolves m ammonia with an orange colour.

nal in Au'J^tr^'rr
"''^ ^reparations.-GoMnchie itself is offici-

?hc Ztu l^^
"^'^^ and Dutch, and

coloM
themselves m all the pharmacopoeias. The wine of

Te^7w' •^'^'^y pharmacopeias, is made with

pS shows"
P^°P"^^^°^- °f 0^ bulbs, as the table on next

the%'o\rret\L"nSr;ut*eothic^^^^ °^ -'°>->- gives all
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The tincture of colcHcum is officinal in our own and in all the

OonSientarpLrmacop.^^^ in the British, H oz. of seeds are

exhausted by 20 oz. of proof spirit.
_

,i w Tnhamison con-
A. tincture of ' colchicum seeds, examined by Johannson con

tailed llTer cU. of colchicine, and a tincture prepared from

the bulbs -14: per cent.

TABLE XVHI.-FOUMULAS OF VARIOUS PHARMACOPCEIAS
TABLii. A V i

COLCHICUM WINE.

Dry Colcliicum Corms,

Powdered Seeds,

Vin. Hispanii, .

„ Malaceuse,

,,
Xereuse, .

Spirit-rectifical, .

Oolchic.^ vinegar is not o^^^^^^r^^^^^^l^'^^Z

colchicine. . „i ;„ Britain and France;

.nr.n S:S;\lSJn^^^^^^ - -

analyst will naturally ^=7'' ^ "^ynoWs'

•^•^r^i^t SVtriously ll^vonred and

"^IhrsLngth of the different^^—^^S^^
be ascertained by dissolving -

""Xf™,^; wicidiflef by from

chloroform, dissolving m water (wh"cl is " '^^ ^j,,, Mayer's

7 to 10 per cent, of sulphuric acid), and titratiii„
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reagent (see p. 247). If the solution is diluted so that there is

about one part of colchicine in 600 of the solution, then each cc.

of Mayer's reagent equals 31-7 mgrms. colchicine.

§ 449. Fatal Lose.—In Taylor's "Principles of Medical Juris-
prudence" is mentioned an instance in which 3J drachms of
colchicum wine, taken in divided doses, caused death on the
fourth day. The quantity of the active principle in the colchi-
cum wine, as found by Johannson {Dragendorff), being 0-18 per
cent.,_it foUows that 24-4 mgrms. (-378 grain) were fatal, though
not given as one dose, so that this quantity may be considered
as the least fatal one. Casper puts the lethal dose of colchicine
at from 25 to 30 mgrms. (-385 to -463 grain). It is, however, incon-
testable that there are cases of recovery from as much as 70
mgrms. (1-08 grain). The lethal dose of the pharmaceutical
preparations of colchicum may, on these grounds, be predicted
from their alkaloidal contents, and, since the latter is not
constant, in any medico-legal inquiry, it may be necessary, where
facility is given, to ascertain the strength of the preparation
administered.

§ 450. Uffects of Colchicine on Animals.—The researches of Ross-
bach shows that the carnivora3 are more sensitive to colchicine
than any other class of mammals. Frogs show a transitory excite-
ment of the nervous system, then there is loss of sensation,
paralysis of motion, and of the respiratory apparatus ; the heart
beats after the respiration has ceased. Death follows from
paralysis of the respiration. The mucous membrane of the
intestine is much congested and swollen.

I have seen cattle die from the effects of eating the meadow-
saffron

;
the animals rapidly lose condition, suffer great abdomi-

nal pam and are generally purged. The farmers, in certain
parts ot the country, have had extensive losses from want of care
and knowledge with regard to colchicum poisoning.

§ 451. Effects of Colchicum on iian.—Colchicum poisoning in
man* is not very common ; F. A. Falck was able to collect from
medical literature prior to 1880 fifty-five cases, and he gives the
loJlowing analysis of the cases :—In two, colchicum was taken
tor suicidal purposes

; of the unintentional poisonings, five were
trom too large a medicinal dose of colchicum wine, syrup, or
extract, given in cases of rheumatism; in thirteen cases, col-
chicum was used as a purgative

;
forty-two cases were owino- to

mistaking different preparations for drinks, or cordials-^the
tincture m five, and the wine in fourteen being taken instead of

* For the curious epidemic of diarrhoea which broke out in tht.Gorge lu 1875, and was referred to colchicine, see vohi." '
' l^ods," p 272
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orange tincture, quinine wine, Schnapps or Madeira
;
in one

case the corms were added to mulled wine, in another the

leaves consumed with salad ; in sixteen cases (all children) the

seeds of colchicum were eaten. Forty-six of the fifty-hve died—

that is, 83-7 per cent.
i ^ • • i n ^ • lafto

In the remarkable trial at the Central Criminal Court, m 1862

of Margaret Wilson (Reg. v. Marg. Wilson), who was convicted

of the murder of a Mrs. Somers, the evidence given rendered it

fairly probable that the prisoner had destroyed four people at

different dates by colchicum. The symptoms m all four cases

^ere—burning pain in the throat and stomach, intense thirst,

violent vomiting and purging, coldness and clammmess of the

skin, excessive depression, and great weakness. One victim

died on the second day, another on the fifth a tW on the

eighth, and the fourth on the fourteenth day. Schroff witnessed

a case in which a man took 2 grms. (nearly_ 31 grams) of

the corms; in one and a half hours he experienced general

malaise; on the next day, there were flying muscular pains

which at length were concentiated m the diaphragm and the

breathing became oppressed; there was also pam ^^^^^^^^
bourhood of the duodenum, the abdomen was inflated with

gL; there was a sickly feeUng, ^-^^--^^-^
J^^.^Vv^^^^

I sleepy condition, lasting several hours, followed by iever

wi h eLessive pain in the head, noises m the ears and

delirium; there was complete recovery, but the abdomen con-

tinued painful until the fifth day.

In another instance, a gentieman aged fifty,

^^J^ *f
twenty-eight of Blair's gout-pills in four and a half days foi the

rXf of aRheumatic affection. He suffered from nausea, griping

pains in the belly, considerable diarrhoea, vomiting, and Inccough,

Cards the end'there was stupor, convulsive ^--^^^^^^^'^1
Iscles, paralysis, and death. The fatal

^^^^^^^^^

calTy consisted of nothing else than tl- fi-ly-g-und colclu um

corms ; six pills yielded 8 mgrms. of - f-r^^.u ^ Dr Budd
twoTi+v pio'ht would contain 39 mgrms. (| gram;. J^i-

clnstUed that ^he whole of the pills, which --re of a stony

hardtss^^^^^^^^^ in the bowels for some time undigested, so

See Lancet, vol. i., 18S1, p. 368.
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that the ultimate result was the same as if the whole had been
taken in one dose.

§ 452. The general symptoms produced by colchicum are—more
or less burning pain in the whole intestinal tract, vomitin<^,
diarrhoea, with not unfrequently bloody stools; but sometimis

cases tenesmus, dysuria, and, in one
case h£ematuria have been noted. The respiration is usually
troubled, the heart's action slowed, the pulse small and
weak, and the temperature sinks. In a few cases there have
been pains m the limbs; cerebral disturbance is rare; but in two
cases (one described ante) there was stupor. Muscular weakness
has been observed generally. In a few cases there have beencramps m the calves, and in the foot, with early collapse and death.

Fost-moTtem Appearances.—^chvoS found in rabbits poisonedwith from -1 to 1-0 grms. of colchicine, tolerably constantly
enteritis and gastritis, and always a thick, pitch-like blood inthe heart and veins. Casper has carefully recorded the post-mortevi appearances in four labourers, ages ranging from fifteen toforty years, who, finding a bottle of colchicum-wine, and sup-

Thev^nn 11 ^^'^
°i

^^^^^y' '^'^ ^^^^^k ^ wiAe-glassfuLThey all died from its effects. In all four there was greathyper«,mia of the brain membranes and of the kidneys Thelarge veins were filled with thick, dark, cherry-red blood verysimilar to that seen in sulphuric acid poisoning^ There wal lnacid reac ion of the contents of the stomach.
"
The luLs weremoderately congested. The mucous membrane of the stomach

ttn w'h t: '^''''^ with conges-tion, with the second, there was some filling of the vessels at

tt:Tu teTrmT T^^f thirdVrfou^ttwere quite normal In five cases described by Roux there was

instant niL ' ^^ff"^' ^^^^^ ^^'^ "^an noconstant pathological changes from colchicine poisoning.

soluticfn of
' f (Colchicine from Organic Matters.-Th^

s tst els rl h
«f the body!

Sntration nf ?i
^ ^'^T^^tion with alcohol, filtration, and co£

it \ ^

"Iting filtrate by evaporation. When cool

whTch wnf r'^^f
'".yP

'"T'''
'^-- ^^^^^ petroleum etherwmcii will not dissolve the colchicine, but will remove some nf

olut
^^''^ ««P->'^tion of ^he petroleum X' thtsolution IS shaken up witli chloroform, the latter removed L titusual way agitated with pure water once or twice a^lin Ir.rated, and astly evaporated to dryness. The ol'cSebably mixed with colchicetine, will now be in a ^ ' ^ ^"

state to admit of the successful 'applicaUon of tests
^
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In cases of poisoning by colcHcum at Berlin, Wittstock used
ill cases 01 P»^==>"

.
° mf,„ contents of the stomach were mixed

the following process ^^he content^^^^^
^

with a large amount of
^l^°}^°^^,^^•''^i'''S,en filtered, and the

the whole well shaken; the A^^^^.
J^^'i^o ^.^g^l^m

filtrate evaporated to a ^yr-Py
««-^^tTt\e f!^^ "J filtered off,

residue was dissolved m distiUed water, the
^^^^^^^^^^^^^^

and the liquid carefully
^-^t ^^^^^^ nt^w^^^^^^ and

matter was agai^
^^X'^^^^.^^'l^^^ to a syrupy con-

^TT'Thetr^iS -Ttaken up by distilled water,

sistence. The «y™Py
J ^ 2 grms. of calcined magnesia

filtered, evaporated to 60 grms., anu «

wHh 90 c^rms. of ether were added. Alter a time, dub
.

,

remaining in the bowels, with the faeces.

XIIL-MUSOARIl^E AND THE AOTIYE PRINCIPLES

OF CERTAIN FUNGI.

conspicuous fungus, common ^
f^^.^J^^^^^^^^^^

surface of the

shape of the common mushroom
,

Ji^^^Jfof a vellowish cast, and

pileL is of a bright red or sometimes of a yeUo^^

studded over with warts. The co^mo^
.^^^^^^

denotes that it was ^^^^l^^nteeped i milkf and the milk

icide; the fungus was
^^^f^^^^'

'^^'P^p^^

exposed, in the same way as
i^ng been known

Some peculiar properties of
^^^^/f\\^;\„rt^^^^^

part of

to the natives of
i^^^^^^jf ^^^^^^^^ hottest months,

Asia generally. They collect the ^^^^^^^ ^..n.^ up in a

and hang them up to c ry.
f^'^^^f.^^wing. One large, or

kind of bolus, r^-d f
wallowed w^U out « «

,,1,^,1, lasts

two small, fungi will produce
«;>^^'f "^^hours' time, and is vor)

a whole day. It comes on
.J^; ddy feeling, the spirits

similar to that of alcohol,
^^^^^^^^^^'jf^.^i.ed, involuntary actions

are exalted, the countenance ^'^^'rOim.s llusne
, . ^^^,^5. It 1

and words follow, and sometimes los of co^
^.^^^^ ,

renders some persons remarkably active,
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stimulant to muscular exertion
;
by too large a dose violent

spasmodic effects are produced. " So very exciting to the nervous
system in many individuals is this fungus, that, the effects are
often very ludicrous. If a person under its influence wishes to
step over a straw or small stick, he takes a stride or a jump
sufficient to clear the trunk of a tree. A talkative person
cannot keep silence or secrets, and one fond of music is per-
petually singing. The most singular effect of the amanita is
the influence which it has over the urine. It is said that
from time immemorial the inhabitants have known that the
fungus imparts an intoxicating quality to that secretion, which
continues for a considerable time after taking it. For instance,
a man moderately intoxicated to-day will, by the next mornincr,
have slept himself sober, but (as is the custom) by taking a tea-
cup of his urine he will be more powerfully intoxicated than he
was the preceding day. It is, therefore, not uncommon for con-
trmed drunkards to preserve their urine as a precious liquor
against a scarcity of the fungus. The intoxicating property of
the urine is capable of being propagated ; for every one who
partakes of it has his urine similarly affected. Thus, with a
very few amanitas, a party of drunkards may keep up their
debauch for a week. Dr. Langsdorf mentions that by means of
the second person taking the urine of the first, the third of
the second, and so on, the intoxication may be propagated
through five individuals," * r f a

§ 455. A few cases of poisoning by the fly-blown agaric fromtime to time have occurred in Europe, where it has been eatenin mistake for the edible fungi, or taken by children allured bythe bright attractive colours. In these cases the poisonoussymptoms noticed have been those of gastro-intestinal irritation,
as shown by vomiting and diarrhoea, dilated f pupils, delirium,
tetanic convulsions, slow pulse, stertorous breathing, collapseand death. In a few cases epileptic attacks and trismus havebeen observed The course is usually a rapid one, the deathoccurring withm twelve hours. In cases of recovery, conva-
lescence has been prolonged.

The post-mortem characteristics are not distinctive, a fluid con-

tTeen notice^''
'^P"""'' ^^^^^^

tovlTrr-~^^''f^ f
^^''^ P'^^^^y ^^'^^ *° a" undiscovered,toxic substance—which seems to be destroyed at the temperature

* Lindley'a "Vegetable Kingdom."

T+ T,
^^^'^ curious, for muscarine stronolv cnntrantQ +>>o -iIt, however, tends to prove what is stated in the text-vi^ thai th^vf""more than one poisonous substance in amanita. ' * ^'^^'^
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of boiling water, and is probably of rather easy_ destructibility-

and of a very definite poisonous alkaloid {muscarine) ii^st separated

by a complex process by Schmiedeberg and Koppe m 1869^* It

isVtrimethylammonium base, and has lately been formed syn-

thetically bi Schmiedeberg and Harnack,t by treating cholinS n^ric acid. Muscarine is isomeric with betaxn and oxy-

Tholin, from which it is separated by its fluorescence and

^"Muilr^^^^^^^^^^^
strongly alkaline, syrupy fluid,

whicS
"
Sowed to stand over sulphuric -id, becomes graduaUy

rrystalline, but liquefies again on exposure to t^^e a mosphei .

It dissolves in water in every proportion and also ^l^o^^o^'

but is very little soluble in chloroform, and insoluble m ethei
.

It

is not pxecipitated by tannin; it forms salts with acids, and

lives precipitates with auric chloride, phospho-tungstic and

?hosphomolybdic acids, and also with Vot-^^^^^^^^^^^^^^

The last precipitate is at first amorphous, but giaduaUy

becomes crystalline. This was the compound used by the dis

cowers to separate the base. With many other gener^

Xloidal reagLs muscarine ^0™%- .^"dii^
insoluble, and therefore gives no precipitate such, e.g., loc

w'thpot^ssic iodide, picric acid, and platinic
^^^^^-"^^^^^

rineis a stronger base than ammonia, and P^ec^^t^^^^^

„T,rl irmi oxides from solutions of their salts. Muscarine ib ncij

^0 sonous fto 4 mgrms. are sufiicient in subcutaneous mjecUon

TES cat; in from two to twelve hours-larger closes
^^^^^^^^^^^

minutes ; but with rabbits the action is less intense^
^el the

salivated, their pupils contract, they vomit, and aie pur ea,

breathing becomVfrequent, and there is --^^'^^0 0^^^
a later stage the respirations are slower, and there are

sions, and death.
_ -n^^oc of from 3 to

The alkaloid has also been tried on man. Dose^s of ^^om

5 mgrms., injected
--^^-'-^--f^'^^^'J^ nausea

Drofuse salivation, increased frequency ot tlie
P^i^Y+in^ and

S c diness, confusion of thought and myosxs, b^t -o^l^^..^-^^ ^

no diarrhoea. Small quantities applied to the eye ^caus^

few minutes, a derangement of the
--"X^^^^^^^^^^

in the size, of the P"P^1 '8^%^^^^^*^!^^^^^^^^

Avhich depends upon an excitement of the sphmctei

the oculomotorius. . „+^^r.MiP qre to a great

* Das Muscarin, da. o'.ftioe Alkaloid des Fliegenpll^. LeiP^ig- 1S69.

t Arch./. Exper. Path., Bd. 4, u. o.
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strated by the effects of the two substances on the frog's heartThe action of muscarine upon the heart is to excite the inhibitory

into aW ^r.f
°f ."^"^^ariiie, injected subcutaneouslyinto a frog, arrests the heart in diastole, but if a suitable dose ofatropine is apphed to the heart thus arrestod, it beo-^s to beatagain; or, if atropine is first giyen, and th^i nuSarine theheart does not stop. The muscarine heart, whe^it has cl ed

.ith stroni alcohol and ,L I'W""''' '"-o^ted

taken up with water "^^"^ evaporated and
intofrogl ancHt:t«on"rthe'S:: !?'°r

'"J"'^""'

remove fatty matters ami othS ^-Tl'"'
^^^^^^kably easy to

present stat^ of ourLo 'leet lif^
available.

o^^^ieci^e, Iite-tests for muscarine are alone

§ 458. The Agaricus Plmllnirlpo w,-fi,
Tery common autumn fl^n'us Ind^ - T""^ ^
mushrooms. Falck ha. onlW ^^^^""^ ''^^^ mistaken for

than 53 cases of poisLTni bv ,?'^^
fatally. Its chemiSyTs ^t fullv

'
T!' «^ded

sidered that he hanUscoverp? ^
?f ^''^^^^er con-

named Uaioisin J^^Zrlr^:}^^^^^^^^ ""''^y' "^^'^^

poisonous bodies, one an Li^nt ^anrS
^'""^

principle, which they nampd .1 \ ^l"""
^^''^^^^ ^ narcotic

an alkabidal substaLe^eli-~'?' ^^'^ ^^^^^ to be
agents, as one ofT^roduoA^

'''' treatment with saponifying
separated a body whTdi ^e 7,

.^^ j^-^tigator, bre^
substances have Len nronerfv !f f''f<^^dm ; but none of these
state pure enough £ S^*'^^^^^^
poisonous symntoms ,^„oTi

suitable examination. The
but in one c^aTth"; werfcfeS f'fo'?" '']T.

^^^^
^s violent vomiting (in one S e thiJ

^here
^-W, and Pain1n^theXlorn,lterrnci

*Annal. d'lhjrj. Publ., 1867.
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o nl.n1Pra aspect with cramps in the legs, cyanosis and
assume a cholera aspect

^^^^1^ phenomena, convulsions,

collapse. i here are
. JLg The pulse, m seven

trismus,
'-^fl';-?;^%Sil^Ti::^ l^tn. thA. and quick,

cases described by iViascuKa, w j ^^^^
but in others agam, smdl a^d bIo- The pup^^^^

^^^^^^^

oases been dilated, 'U otl^ers uncuag^^^^^
^^^^^^^

rreeoW'«SSi; " ^
^^^^

cases were-absence of cadaveric ri la
7^ ecchymoses m

a dark-red fluid condition of
pericardium, the

the pleura, in the s^^f ^^^^^ ^^^^'l^ and spleen. The

substance of the ^J^^^.Zl^ nothing

mucous membrane of ^^^^
J^^^^'^^^^^^^ ^ere a few ecchymoses,

characteristic. In two
«f^^^^Xanl of the stomach was

and in one the
^.f^f^^^^^^ one case only w

softened, red, and easily detache h ^^^^^ mature of the sub-

remnants of the f^^ng^f 5^ The bladder in each case was

stance eaten could be determinecL Th^^^^^^^
^^^^ ^^^^

full. In three cases a
^^^%^^lfl'^^^^^^^ lith in some of the

menced. The same appearance was mei.

older cases related by Orfila. •

^ ^ he poisonous,

§ 460. The "
although Hertwig found ^ ,^Xed fun^^^^^ Vro^^^'^J

The Agaricus Euher, a ^^^^ '

on the Hampshire coast
J^J^

extending down be

matter not only covering tlie piiens, mi
investigated

stipe-is poisonous
^^I'^'^^l^^^^^^

by Phipson,t wlio has
^'^^^f^^^^..^^e is ^e^ated by macemtnig

an ^Iklloid agarythrine^ .^S SaiX^ the colouring-matter

the fungus (from which th^.^^owT bosSw in water acidulated

has been removed) f , jf^^^eF^^ filtered solution 35 .

with 8 per cent, of l^jf^^li^;"*;fihe alkaloid shaken up with

neutralised by sodic
«!^^^°f,^*«'Xr eaves a white, somewhat

ether. On evaporation the ethei lea^ es
^^^^^^ ^

greasy-looking substance, leaving a biu
^^^^^ , hbe

easily fusible into yellow gl^^^^^'
''^^'J.er From Phipsons :

qSnoleine; it is soluble m f^oho\^^^
o^v

^^^^^^^g.

observations it would appear piobable tn

» Lancet, 1879.
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matter is derived from a decomposition of this alkaloidal sub-
stance. A rose-red colour is produced by the action of nitric
acid and ch orinated lime first reddens and then bleaches itJ^uchwald * has recorded three cases of poisoning by this fun-us'the patients were labourers, who, after eating the fungus, sufferedfrom vomiting, thirst, a "drunken" condition, c?amp, albu-minuria, and disturbance of the sensory functions. The fun-us

''^TAi'' 0^,°'^'' ^""^ "'^^^ *o effect rabbits. .

§ ^bl Ihe boletus Satanas, or Luridus (Lenz), is poisonous-very small quantities of the uncooked fungus caused inLenz^whaexperimented upon its properties, violent'vomiting. In easel inwhich this fungus has been eaten accidentally, "the symptomshave been very similar to cholera.
symptoms

belofsL^t' ^r™'"" -^T^l' ''r' conditions tobe poisonous. From six to ten hours after the injection therehave appeared depression, nausea, jaundice, dilated pupUs andm the worst cases at the end of the first day, delirium somnolence, and muscular cramps, followed by collapse and rath^ I^^^

fresh young morelle; the animal died on the third day and th^canahcuh of the kidney were fmmrl m^A -ii i

^
partly amorphous, and pLt7y crySXe!^^^'

"^'^ Hemoglobin,

DIVISIOif Il—GLUCOSIB^S.

I—DIGITALIS GROUP.

Induatr. Bl, \m

!>chw.mme » in Ma.chk.', Handi.J, II ' Scliauensteui, " Giftige
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veined, and downy, -Pf ^ „tfainf^d^^^^d a S£
is a duU green ..d

^ ^^^l^;^^,^^ Its epi-

rrswhrfresris---.^^^^^^^^^
colourless eells, beneath

I'JJath these again a

a,re round eelk of a magenta tmt and benea

l,yer of eolumnar ceUs and near the b
^^^^^^^

parenchyma. The
ju,4ce; each is composed ot

-t&^telfa^eTt^KrSaSlar hairs, .he root

consists of numerous lo^g.^^l^^XTnow generally accepted that

§464. GheinicalGompostM--Ltj^ n^^^^ y
principles-

there exist in the foxglove,
^^f'J^^'J^^ Besides these

digitcdin, digitonr. d^g^ioxm -nA^
composition,

there are several others of mje or i

^ ^^^^^

Hh; following is the tWetical percentage -1^^^^^^^^^^

digitalins, the identity ^^^^S^
They are arranged according to their percenu «

TABLE XIX.-COMPOSITION OF THE DIGITALINS.

Name. Formula.

Digitalein,

Digitonin, .

Digitalin, .

Digitaletin,

Digitoxin,

Digitaleretin,

Paradigitaletin,

Percentage Composition.

C3iH520ir

C44H30O18

C21H32OT

CuHgaOis

C44H340l4

C. 53-16 percent. H. 8-OS percent.

C. 53-44 ,

C. 58-16

H. 7-46

H. 3-65

C. 62-41

C. 63-63

C. 66-05

C. 67-17

H. 3-54

H. S-08

H. 4-58

H. 4-3
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soluble in cliloroform, and insoluble in etiier. It is precipitated from

acids spi ts It up into glucose and digitaleretin. It has a sharp acHr^taste, and the watery solution froths on lhakincr
^"^"^

^466. ntgitonin, a white amorphous body, ''has many of the charactersof saponin Like saponin, it is easily soluble in water^ and solutionfroths, and, like saponin again, it is precipitated by absolute akoC bvbaryta water, and by basic lead acetate. It mav be readn/distinShedfrom saponin by treating a watery solution with" sulphuric or hySloric
Troiin^reS^^' ' -d colour develops'? ^t doeT n'o't'^g":?^

§ 467. Digitalin, when perfectly pure, forms fine, whiteglittering, hygroscopic needles, or groups of crystamne tuft. • it
IS without smell, but possesses a bitter taste, wLh is at once ^slow development and of long endurance. On warmi^o itbecomes soft under 100°, and, above that temperaturI,Treadilvdecomposed with evolution of white vapours. It is TnsXble
solXl^' in benzene It i^so uble m chloroform, especially in chloroform and alcohol, anddissolves easily m warm acetic acid ; 12 parts of cold RTid .i.
boiling alcohol of 90 per cent, dissolve oL 5 d g tL D Kite

ai^iteletm (0,,H3oOj8) if the action is prolonged, digitaleretin

chloric acid dissolves it with the nroductinn •

206-. U di.,„,„, i?848 pirtf rS aS^^^^^^ "'T "parts of cold, .nd in from 2 to 4 of hoS\,,T Jfl ! fj ™ ^'^
solnble ia other. It dissol ves in oLv.fe i Vt ?' " ™"> <Iiffi«iilty

ted-brown eolour, wM™r?heaS™ S ''P'"!™ »<!i<l, developing i
On boi.n, .itb dilate aeids? ^n^S^^SS^^'-
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Of tl.e plant. Toxiresin ^^^^^^^^
obtained in crystals by extracto^^^^^^

^^^^ ^^^^^^^^ ^^^^

alcohol of 50 per cent., V^^^'^^^'l'^^^,,, solution of sodium

washing the precipitate
JJ'^^^^^r), and then with ether,

carbonate (to remove cdourmg matte
^^^^^ ^ .

tenzene, ^^Cl afc^^^^^^^^
digitoxin may be obtained

on decomposing the ieaa 1
crystals.

in colourless scales or needle snap y
^^^^^^ ^

yeUowish-white, amorphoi^ pow , ^^^^^ ater.

io°, soluble in ether or m a cohol, lOQ ,
and

Paradigitaletm is veiy simud-i

insoluble in ether.
obtained and

g 471. Several
f.^^^S^^^,^^^^^^^^^^

described, such as the inert digUi^^ y .^^^^^^^^^^ly studied.

others, but their V^'^f^^^.^'^^''ZsA^oht^in^^ P^re from

Di-italin, as well as digitoxm, may no
commerce is, for the

Certain firms, but the ordmary^^^^^^^^^^ distinguished as

most part, of two k!^l!',jXe French digitalin, or the
^

French and German digitalm.
• ^^eous extract of

Salin of HomoUe, is P^^Pf^^'^.^^ .^"J the filtrate from

Kgitali^ plant with 1-d acetate
-^^^

lead, lime, and ^--fXhosphaCand then precipitatmg with

carbonate, oxalate,
^^'^^P/StTis treated with litharge and the

tannin. The tannin
P^^^^JA'ffro^th^ mass by means of alcohol

digitalins boiled and
^^.^f ^^^^^^^..^oal. Crystals are m this

and lastly, purifying with
^^"J^. f^Xtances soluble in ether by

tayobtaLed, and by removing aU^^^^^^^
German digitalm

tha^t solvent, digitalm may be ^^P^^^^^^^^ exti;ac ed

is prepared according to
P^^^c^^^l of -852. The alcohol is

from the plant by treatment with alcoho
^^^^^

removed by evaporation, and tho a^^^^^^^
^^^^ acetate and

water; the
-t7.o'St^teW ^^^^^ ^"l^nTu

litharge, 61^^^^' by ammonia, and then taimm
and the excess of acid neutialisea y

.gcipitate is collected

aSded to complete preciptat on. The P
p^^^^ ^^^^^

S rubbed with \^y^ -^«%te Vobi , on evaporation, leaves a

extracted by hot alcohol The a col _ ^^^^j^,,^
^.atter.

xnixture of digitalm mix d with oth^^^^^ J ^ to 3 P^r
-^^^^

If sold in this state, it
\ ting the mixture with etiier

digitalein and digxtonmS; C^ntieati^^^
b«i"g.

^^Zlo "i

dilitalin with some digitah^-
^TfCwSt "f

soluble m ether, ^l^^^l, .^i^ture with 8 parts of its ^^ ei„

cold water, by treating th.jxt
.^^ ^^^^.^^ ^ p^re state,

cold water, digitalm is dissoivcu
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may be further purilied by treating the solution with animalcharcoal, recrystallisation from spirit^ &c.
§ 472. Reactions of the Diffitalins.—Bisitonin is dis^nlvprl l.^

applies to hydrochloric acid; on warming with either of the<,Pacids a violet-red colour appears; this reaction thus seLes to

as froTiponr
'''-^ ^^^^^ constituentsriIweU

Sulphuric and gallic acids colour the glucosides of diVit^lnr.

tne most important chemical ^ • ^ j.nis,

•+ ^1^^^' £h^'""^<^eutical Preparations of DiaitaJin -n;„-+ rItself IS officinal in the French V,v\\\^\. „ ;r^^'^"7*.-—-^igitalm

copcBias. Itisprenared in i ' T-"^
Austrian pharma-

of the leaves atSp t£ spirit is tif
"'^'"^^ " ^'1°^^ ^^^^^^^"^

extract heated with acetic S rWnl • "Tr^^*':^
off, and the

and filtered. After neuSaWio! ^^''"^ ^-^^^ ^^^^^^^L
is precipitated with t^im^ 3^^^^^ 7'*^ ammonia, the digitalin

into tainate of lead anj free dtt *'T*' t ^^^^^^^^^

of lead and spirit
digitalm, by rubbing it with oxide

Digitalis leaf is officinal in most nf f ^i.
Tincture of digitalis t !!ffl i

Pharmacopoeias.

parations
; wlX in th. l t v'*^'^ Pre-

digitalein are present ^^^gi^^^^n, Ld

oonlitlfng^'o?^^;;;:-^^^^ commercial digitalin

digitalein^ rendlrsT^diCit 7o be t^^'^f^' ^^d
likely to destroy ik Ssides wittT ^ '^^^

Pnscs take place- mrl v r • .
heart-poisons, sur-

resultwhena^mJnisSlir'^^^^^^^^^^ - fatll
«r to such as, owing to some^coStuHni 1 ^''^'v ^^^^rt
Heart easily affected^, -ic l^e^^^^^^^^^^^^
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4. •= fr-n-m six to ten times stronger than

Kopp's* experiments ^« ^^^
J^^^,. ,^^secl intense poisonous

digitalin or digitalem. .J-"^" °. . larger proportions m
symptoms. Digitoxm is

<^°''^^^2o\le'B or in the German
Sati^elle's digitalin f ^^^^X is ^scribed in 1 mgm.
digitalin. The digit^^."^

f^^^^^
(-015 grain) doses, and It IS thought aa^^^^

^^se from
^ Lemaist4 has, indeed,

f^u^Sstered ^ a W fi^^en years

2 mgrms. (-03 .7-)' j'^^^^^ caLs and from

old. It may be P^®^^?'^^®';, ^ , _„obablv be fatal to an adult

experiment, thf cligitoxin wouU p obab^^
^.

xnan in doses of 4 mgrms. jram)^ « commercial

in doses of 20
^g™J;^^\f,^72 mgrms. (-1% to 43 grain) have

digitalin, as much as f
to ^^m V^^^^^^,

^^^^^^ 2 ^g,ms.

hein taken without a ^oman (Battaille) Such

gave rise to poisonous «y^P^°"^^^^^
the grounds already men-

discrepancies are to be explamed on « ^^^^^

^mSll^i^^SS"^ v^y dangerous to an

must also, in considering^^ of djit^^^^^^^^^

remembered that it is a
^^^^^^f^^^^^^^^iy repeated, becomes

dose-harmless if t.ken once-ret^
^

J^J^ affectmg the

deadly : this peculiarity ^«

f^^^^^^^
/aximum safe dose for

heart' When it is desired to settle th
^^^^

the various tinctures,
^^^^^f^VeTter difficulty, a difficulty not

in pharmacy, there is ^^^^^^ ^f^^^^^th of the preparations

arising --ely from the
--ly^-^^f^.^^.t -variably excited

but also from the fact of tl^e™, ° quantities without death

by large doses. Individuals expelled ;
whereas,

;Jsulting, simply ^^<^-^'^.^^XriX T • :
if the oesophagus was 1 g^^u

<j^' French school of toxico-

ower animals formerly tavouied^^^^ s a

Inm^ts^ death must rapidly ensm
• amount safe to

general rule, it may

dose is likely to be dangeious.
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TABLE XX.—MAXIMUM SINGLE DOSE, AND MAXIMUM QUAN-
TITY OP THE DIFFERENT PREPARATIONS OF DIGITALIS,
WHICH CAN BE ADMINISTERED IN A DAY.

Single Dose. Per Day.

Grains or
Minims.

Grammes
or oc's.

Grains or
Minims.

Grammes
or oc's.

Powdered Leaves, . 44 gi-ns. 3 grni. 15-4 grns. 1 "0 grm.

Infusion, . 480 m. 28-3 cc. 1440 m. 84-9 cc.

Tincture,

.

45 m. 3 cc. 135 m. 9 cc.

Digitalin, 03 grn. •002grm. •09 grn. 006grm.

Extract, . 30 „ •2 12-0 „ s „

§ 47.5. Statistics.—The mam knowledge which we possess of
the action of digitalis is derived from experiments on animals,
and h'om occasional accidents in the taking of medicines ; but in
comparison with certain toxic agents more commonly known, thenumber of cases of death from digitalis is very insignificant Of
lorty-two cases of digitalis-poisoning collected by Husemann, onewas criminal (murder)

; one the result of mistaking the leaves for
those of borage

; forty-two were caused in medicinal use—in
tliirty-three of these last too large a dose had been given, in three
the drug was used as a domestic remedy, in two of the cases
the prescription was wrongly read, aaid in one digitalis was used

Ztll
^'^^^^^y-*^^^ per cent, of the forty-five were

§ 476. ^fects on Man.—It was first distinctly pointed out by
lardieu that toxic doses of digitalis, or its active principles, pro-duced not only symptoms referable to an action on the heart, but
also m no small degree, gastric and intestinal irritation, similarto that induced by arsenic. Tardicu also attempted to distinguish

ri;^-/^°'?.r'!-P'°'^'''"'^ pharmaceutical preparations ofdigitalis (the tincture, extract, etc.), and the glucoside digitalin •

but there does not appear a sufiicient basis for this distinction'i.ne symptoms vary m a considerable degree in difi-erent persons'
" TP"^ '^''"^ development,^accord:mg to the dose. Moderate doses continued for some time ^asfor example, m the persistent use of a digitalis medicinermay
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produce their first toxic effects even at the end of many day.?;

Lt when a single large dose is taken, the symptoms are rarely

delayed more than three hours. They may commence mdeed,

in half an hour, but have been kno^vn to
1 pIT^^S

than twenty-four hours, and the longer periods may be e^xpected

if di-italis is given in hard, not easy soluble pills. There is

commonly a fefling of general maZai««, and then ^^o^^^l^^^^^
and vomiting- The pulse at first may be accelera ed but it soou

is remarkably slowed—it sinks commonly down to oO, to 4U,

anc has e^en' been known as low as 25. To these symptoms

referable to the heart and to the digestive
^"^^^^ ^^vh^^^^^

nervous troubles ; there are noises m the ears, and distuibances

of vision. In a c'ase related by Taylor, a red-coal fire seemed to

the patient to be of a blue colour; m another, related by

Lersch * ihere was blindness for eighteen hours, and for some

time a coXsion in the discrimination of colours
;

quiet

deTrium hi also been noticed. As the case P-ceeds the

gastric symptoms also increase in ^--'^^'J
^'^iJ'^f^'^^{te

son, in one case, noticed to be enormously «
e^' ^^^^^

brekth foetid Diarrhoea is commonly present, although also

LmttimS absent. The action of the kidneys is suppressed.

Hiccouo-h and convulsions close the scene. nil
In ti cumulative form, the symptoms may d-ljj^-^^^

out and the person pass into death in a fainting-fit without any

warning. As a rare effect, hemiplegia
^"^f^ttrated

This brief™ of the symptoms may be fW the following typical <^ases :-A recruit, aged
22^^

d^^^^^^^^^

to escape from military service, went to a so-called ^'
to escape iiu j „ j .

j ^^as to take eight m two

Is^sS Eleven'^^^^^^ the use of the pills, he became

m ind was received intJ h^pital, where he
^^^^^l^^^

three weeks' treatment. His malady was at ^^^\^^^'\''^^

gastric catarrh; for he -flered from loss o^^^^^^^

and constipation. He complained of pain " *^e

akldiness His breath smelled badly, and the le^^o^) "
,

giclcimess. xii^
,.vpssure The pulse was slow (ob), t^e

stomach was painful on pie^^^^^^^^^^ i P^,^^^
^^^^ ^^^^^^ ,1^^ p^l,e

temperature of the ^ocly nonnai.
^^^^

sank to 52 ; he suffered from
^^^^^^^^^^ ^^.^.^li

troubles of vision, great weakiiess, and later, 1^"=<=« ^^^^ ,1,,,^

in the neck. The mere act «*^^^";g
day on which

his throat caused him to
f*^^^*^

5 ^.^Hii the^^^tV to the

this occurrence took place he suddenly ^^^^ju th^ .^ y

nightstool. Thirteen of tlie pills were
^^^^^^^^^^^ it

clothes, and from a chemical and
^'''''''^'^^'f^^^"^^^^^

* lih n. yVest. Corr. Bl., 15. 1848. Husemann m Maschka
s
/f««rf^H<^
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was found that they contained digitalis leaf in fine powder. The
•quantity which the unfortunate man took in the four weeks was
estimated at 13-7 grms. ( = about 211 grains).

Two of his comrades had also been to the " Freimacher" and
had suffered from the same symptoms, but they had left off the

use of the medicine before any very serious effect was produced.* t

An instructive case of poisoning by digitoxin occurred in the

person of Dr. Koppe, in the course of some experiments on the

drug. He had taken 1-5 mgrm. in alcohol without result; on
the following day (May. 14) he took 1 mgrm. at 9 a.m., but
again without appreciable symptoms. Four days later he took
2 mgrms. in alcoholic solution, and an hour afterwards felt

faint and ill, with a feeling of giddiness ; the pulse was irregular,

of normal frequency 80 to 84. About three hours after taking the
digitoxin. Dr. Koppe attempted to take a walk, but the nausea,
accompanied with a feeling of weakness, became so intense that
he was obliged to return to the house. Five hours after the
close, his pulse was 58, intermittent after about every 30 to 50
beats. Vomiting set in, the matters he threw up were of a
dark-green colour; after vomiting he felt better for a quarter
of an hour, then he again vomited much bilious matter; the
pulse sank to 40, and was very intermittent, stopping after
every 2 or 3 beats. Every time there was an intermission,
he felt a feeling of constriction and uneasiness in the chest.
Six and a quarter hours after the dose, there was again violent
vomiting and retching, with paleness of the face. The muscular
weakness was so great that he could not go to bed without
assistance. He had a disorder of vision, so that the traits of
persons well-known to him were changed, and objects had a
yellow-tint. He had a sleepless night, the nausea and vomiting
continuing. During the following day the symptoms were very
similar, and the pulse intermittent, 54 per minute. He passed
another restless night, his short sleep being disturbed by terrible

* Kohnhorn, ViertdjhrsscJtr /. Ger. Med., 1876, n. f. xxiv., p. 402.
t There is an interesting case on record, in whicli a woman died from

•the expressed juice of digitalis. She was twenty-seven years of age, and
took a large unknown quantity of the freshly expressed juice for the
purpose of relieving a swelling of the limbs. The symptoms came on
almost immediately, she was very sick, and was attacked by a menorrhagia.
Ihese symptoms continued for several days with increasing severity, but
It was not until the fifth day that she obtained medical assistance. Shewas then found semi-comatose, the face pale, pulse slow, epigastrium
paintul on pressure, diarrhoea, and hiccough were frequent. She died on the
tweltth day. The posl-mortem appearances showed nothing referable to

J^mrf' ''^ spots of iiiflainmation on the stomach.— Caussi? Bull

tl.^xvi.fS"p. 523.^''''' ^' '^^«"'<^«''
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dreams. On tlie third day he was somewhat better, the pulse

was 60, "but irregular and still intermittent; the nausea was

also a little abated. The night was similar m its disturbed

sleep to the preceding. He did not regain his full health tor

A third case may be quoted, which differs very markedly

from the preceding, and shows what a protean aspect digita in

poisoning may assume. A woman, twenty-three years old

took on June 26th, at 7 a.m., for the purpose of suicide, 16

<rranules of digitalin. Two hours later there was shivering and

giddiness, so that she was obliged to go to bed. In the course

of the day, she had hallucinations. In the evemng at b p.m

after eating a little food, she had a shivering-fit so violent that

her teeth chattered; there was cold sweat, and difficulty m
breathing: she became gradually again warm, .but could not

sleep. At 1 a.m. the difficulty of breathing was so great that

she dragged herself to the window, and there remained until

3 a.m., when she again went back to bed, slept until /
a m^

and woke tolerably well. Since this attempt of ^elf-d^^^^/^^^^

had failed, she took 40 granules. After one hour she became

giddy, had hallucinations, chilliness, cold sweats, copious vomiting,

Ld colicky pains ; there was great muscular weakness, but no

diarrhoea. Towards evening the vomiting became worse. iHere

was no action of the bowels, nor was any ™%Pf
^^f^
J'

^^^^^^

felt as if her eyes were prominent and l^^ge. Tl^e suffeii^^^

described lasted during the whole night ^^^^^
.f; j^^U

following day, when the vomiting ceased
^^^f

*
f.?^-^^^^^^^^^

nations, chilliness, and cold sweat continued ;
^^^d. ^^^^^^^jV^

feeling, and weakness increased. The next morning, a physiciim

found'her motionless in bed, with pale face, notable douUe ex-

ophthalmus, dilated pupils, and cold skm, covered with s^^^^^^

the pulse w'as small and intermittent,
«o^«*^^^f,^Xn1fre s.re.

felt (46 to 48 per minute); the epigastrium was pamtul mi p^essme

She passed this second night without sleep and m the moinm

thep'^ilse had risen from 56 to 58 ^--^^-'^Z^l'^C ^
intermittent. There was some action of the

^^^f^J^^^^^^
urine was passed, nor had any been vo^^^j^^ Zrd day
ment ; the bladder was not distended. The folio s

'
^^.^

some red-coloured, offensive urine was P'^^f .^^^^^^^^^
warmer, and the pulse from 60 to 64 still

f "^'f,1^^"^^
from this time she began to improve, and made a good leco^c j

* ArcJi./. Exp. Path. u. Pharm., vol. i"-'
P-^^.^^^Jf ':f^

t Related by Ducroix : De VHmpol^onnement par laD^gitaie ta^ y

Paris, 1804.
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§ 477. Physiological Action of the Digitalins.—Whatever other
physiological action this group may have, its effects on the
heart's action is so prominent and decided, that the digitalins
stand as a type of heart poisons. The group of heart poisons
has been much extended of late years, and has been found to
include the following :—Antiarin, an arrow poison

; helleborin, a
glucoside contained in the hellebore family; a glucoside found
vo. the ApocijnacecB, Thevatii neriifolia, and Thevatia iccotli ; the
poisonous principle of the JVerium oleander and K odorum; the
glucpside of Taghinia venenifera; convallamarin, derived from
species oiconvallaria; scillotoxin, from the squill; superbin, from
the Indian lily; and the alkaloid erythroephloein from the
Er^jthrophlcetim judiciale (see p. 413 sea.). This list is yearly
increasing. •'

_
Local .Action. digitalins have an exciting or

stimulating action if applied to mucous membranes—e. (7., if laid
upon the nasal mucous surface, sneezing is excited; if applied to
the eye, there is redness of the conjunctivae with smarting ; if to
the tongue, there is much irritation and a bitter taste. The
leaves, the extract, and the tincture have all this directly irritat-

^An^^^\
^^''^ ""^^ ^^^^^TL and inflame mucous membranes.

_ ^ 479. Action on the Heart.—The earlier experimenters on the
mlluence of digitalis on the heart were Stannius and Traube
btannius* experimented on cats, and found strong irregularity,
and, lastly, cessation in diastole, in which state it responded nolonger to stimu i. Eabbits and birds-especially those birdswhich lived on plants-were not so susceptible, nor were frogs.

adm^^S^"^ '"''t
' researches on dogs, using an extract, Indadministering doses which corresponded to from -5 to 4-0 -rmMe divided the symptoms witnessed into four stages

of the Wood^Ss
^"^^^^ freqi^ency diminishes, while the pressure

^v^!![^^y'~^^^ 'I? 'T^'^'' ^"'^S^ employed
;
pulsefrequency, as well as blood pressure abnormally low.

frequency
^"^^""^ ^^^^^ normsX

'^lo^^ing of the heart f is attributed to the stimulus of theinhibitory nerves, but the later condition of frequency to their
* ArcJi.f. Physiol.
t ^nn. d. Charili-Kranhenhauses, vol. ii., p. 785

tU F^jl^^e Ion?'' nsTf "^^^^/r"'^ ^/Z*
Witbcring. {An Account of

bcrea^Pf] rto f '4. P ^edcloes afterwards observed that digitalisMcreasecl the force of the circulation, the slowincr of tho 1. •
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paralysis. After the section of the vagi the slow pulse frequently

=S and this is explained by the
^-^^'^^^^l^^^^^^

cardiac centre. The vagus, in pomt of time, is paialysed earlier

than the muscular substance of the heart.
mcreased

The increased blood pressure, Traube attributed to mcreaseu

enlrgy of he heart's coLaction, through the motor centre Wg
stimulated later; the commencing paralysis explains the abnor

"
T^^irisTowrver, also an influence on vaso-motor nerves

What Dr Johnson has described as the « stop-cock" action of

riSl a tties co-^
-0^^^^^^^^^^^^

other Orrjans.-ln addition to that on
J

eart^^^^^^^^^^

actions of the digitahns ; Even in

poison is introduced, vomiting l^^s been observed

iTOgs this, in a rudimentary manner, occurs. -^1^^.
^^^^^ 1^,3 a

which has been noticed in man is wanting m animals.

of the albuminoids. recently

§ 481. Tl. Action of DnntaUn onf^onr^onB
o^c^^^

studied the effects of digitahn, Thevelve at once great si<rns

applied to the head of the oommoii blow^%. 1
He.e

of irritation, the sucker is extvuded to i s fuU ^ The next

fore feet, attempting to brush or
^^;''f,,,aicular glass surface. Tha

symptom is a difficulty in wa lung up ^ P^at weakness and paralysis

* DevUch. Arch. f. Klin. Me<L, vol. xix p.
125.

+ Arrhivf. d. Ges. Phj.^.. vo
. P; yrine." Lend., 1S6S.

i
" On digitali-s, with some observations on tue uri

§ Intoxication, p. 404.
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wings become paralysed also, and the fly, if jerked from its support, falls
like a stone. The insect becomes dull and motionless, and ultimately dies
in from ten to twenty-four hours. I also noticed that a dose, in itself
insufficient to destroy life, did so on repetition at intervals of a couple of
hours. The observation is not without interest, inasmuch as it shows that
the digitalins are toxic substances to the muscular substance of even those
life-forms which do not possess a heart.

§ 482. Action of the Digitalins on the Frog's Heart.—The
general action of the digitalins is best studied on the heart of
the frog. Drs. Fagge and Stevenson have shown * that, under
the influence of digitalin, there is a peculiar form of irregularity
in the beats of the heart in the frog ; the ventricle ultimately
stops m the white contracted state, the voluntary power beino-
retained for fifteen to twenty minutes afterwards ; in very l&r^t
doses there is, however, at once paralysis. Lauder Bruntonf
considers the action on the heart to essentially consist in the
prolongation of the systole.

Atropine or curare have no influence on the heart thus
poisoned. If the animal under the influence of digitalin be
treated with muscarine, it stops in diastole instead of systoleUn the other hand, the heart poisoned by muscarine is relieved
by digitalm, and a similar influence appears to be exercised by
atropine. The systolic stillness of the heart is also removed by
substances which paralyse the heart, as delphinin, saponin, andapomorphm. '

Large doses of digitalin, thrown suddenly on the circulationby intravenous injection, cause convulsions and sudden death,from quick palsy of the heart. With frogs under these circum-
stances there are no convulsions, but a reflex depression which
accorchng to Weil J Meihuizen,§ disappears o^i dec'piratn!ihe central cerebral symptoms are without doubt partly due tothe disturbance of the circulation, and there is good ground for
attributing them also to a toxic action on the ne?vous substance.

Sfb^ ^? ^f'*"'^
^'^ ^"^^ 1^^^^*' ^^'^ reduced incalibre; the blood-pressure is also increased.

||
This is essen-

* Gvy\s Hospl. Reports, 3rd ver., vol. xii., p. 37.
T Un digitalis, with some observations on the urine." Lond. 1S6S+ Archivj. Anat. u. Physiol., 1871, p. 282
?!r-^,™/' P'n/-'^i»l., vol. vii., p. 201.

fcL J ^•'""'^'"g
\« * brief summary of observations on the blood pressure-
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tially due to the firm, strong contraction of the heart, and also

to the " stop-cock" action of the small arteries

^SrLf:f the'heart were filled with

UooiteYe&y; the hrain and its

^l^^^^^;^ ^
the stomach and mucous membrane of tte/ntesti^^^^ were

^

covered wa^ a few hyperKmio pomts '-^

"^^""J^^S^ t|,,t
r.f fTiA «tnmach and small intestines, it is tnen oeiuai^^

l*:g":r less redness od^^ ^^^g^^^^^-^^'^J^,
intesttoe track may be present, yet on the ^"^^^^

principle of the digitalis may destroy life, and lea^e no pp

tSL'itiiri^urrtets^^^^^^^^

and, lastly, with chloroform. The benzene dissolves .

and the chloroform, digitahn and digxtoxi^^^ On
^^^^^.^^^^

solyents to evaporate spontaneously residues^re^
^^^^

wiU-ive the reactions already detailed
. • u^luis;

lor a^y other chemical test is sufficient
^^//^fi^^^:^^^^^^^^^

it is absolutely necessary to have -soui;ce to ph^^^^^^^^^^

xnent. The method used by Tardieu in t^^e
^j^^^^^^^ .^^ on

case may serve as a model, more especiaUy e expe
^

frogs. Three frogs were P^P^^^^
and the beats counted, ihe ^^^^J^^' ^uch conditions

fairly equal. Frog No. 1 ^^^^
.^^^^^-^JJ^'^l f poisoned

that the heart was constantly moist^ Fiog ^o. . P^.^^^

intervals of time as follows :—
^

* According to Boehm iArch f. ^f'^ff'^'r^ of p'lfre U

Williams {Arch./. Exper.
^f,;,^,^;'^i,tctious of tl^e small artcri^^

duo entirely to the
^^^.f^^^^'Vif ':^ef ^^^^^^^^^ and yet not hmghteu

bnt T fail to see how the small aiteucs can ^

the pressure.
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TABLE XXI.—ACTION OP DIGITALIN ON THE FROG'S HEART.

Frog No. 1.

Unpoisoned.

r rog JN 0. J.

Poisoned by a Icnown
quantity of digitalin.

r vog JN 0. -3.

Poisoned by the suspeoted
extract.

No. of beats per minute. No. of beats per minute. No. of beats per minute.

After 6 minutes, 42

„ 10 „ 40

„ 28 „ 38

,, 31 ,, 36

20

16 irregular.

0

0

26

24 irregular.

20

12 very irregular.

0
1

In operating in this way—which is strictly comparative, and,
with care, has few sources of error—if the heart of the froo-

poisoned with the unknown extract behaves in the number and
irregularity of its contractions similarly to that of the digitalin-
poisoned heart, it is a fair inference that at all events a " heart-
poison " has been separated ; but it is, of course, open to question
whether this is a digitalin or one of the numerous groups of
glucosides acting in the same way. If sufficient quantity has
been separated, chemical reactions, especially the bromine test
(Grandeau's test), may decide, but with the larger number
(yearly increasing) of substances acting similarly on the heart,
great caution in giving an opinion will be necessary.

IL—OTHER POISONOUS GLUCOSIDES ACTING ON
THE HEART.

§ 485. Several members of these glucosides have been recently
studied by Schmiedeberg,* and his convenient divisions will be
followed here :

—

1. CRYSTALLI.SABLE GLUCOSIDES.
Antiarin C14H20O5.—Antiarin is an arrow poison obtained from themilky juice of the Anliaris toxicaria growing in Java. Antiarin isobtamecl in crystals, by first treating the inspissated milky juice with

* Jieilrage zur Kentnias der Pharmakol. Gruppe des Digitalins.



414 POISONS : THEIR EFFECTS AND DETECTION. [§ 486-488.

petroleum ether to remove fatty and other matters and then dissolving the

active nrinciple out with absolute alcohol. The alcoholic extract is taken

up with w^e ! precipitated
with lead acetate, filtered, and from the hltrate

antilrin obtained by freeipg the solution from lead, and then evaporatmg.

De Vi^cand Ludwig obtaiScd about 4 per cent, from the jmce Antiann

is crystalline, the ci^stals containing 2 atoms of water. Its mel mg point is

liverar^^O 6° • the crystals are soluble in water (254 parts cold 27 "4 parts

^oili^a) Sey are Bot soluble in benzene, and with difficulty m ether
;
I part

^^Thftili^ySnS'i^rJ^^S^Sd by metallic salts. On warming

with dUute mineral acids, antiarin splits up into a resm and sugar. Con-

Ten rated sSphuric acid gives with autiar n a yeUow-bro.vn solution,

Iwdrochloric and nitric acids strike no distinctive colours.
.

V486 Sell -Antiarin is essentially a muscular and a heart poison.

When^vfn in a sufficient dose it kdls a frog m from half an hour to an

hour ?ts most marked effect is on the cardiac muscle, the heart beats

more and Tore slowly, and at last stops, the ventricle being firmly

Ztracted As with di^italin, there is a very marked prolongation of the

svstole and as with digitalin, after the beats have ceased a forcible dilata-
systoie ana '^^

w t ^ , (Schmiedeberg). It is doubtful

whether ly l^t,^^e.,e.iu.ent antiarin could be differentiated from

digitalin.
Aniiarin.-ln any case of poisoning by antiarin, it

r ^ nnd thefafter Xusing mth ammonia, shake the filtrate successively

and tl^e 'Iry
"^^^y^^^^ finally the extract dissolved m

rSutu-tity of"Jal°e^ Slubmitt^d to physiological tests.

5 488. The Active Principles of the ^^«^.^j?''''-^f:-The Chm^^^

roLiHelleborus niger) as well as K v^r^d^s, H. Mf^^^^^^;"^^
V + oil +hP qnecies of hellebore are poisonous, and if the lOOt

ftfekSll, Sot from the alcoMic'e.tract may be separated

Uelleborm
l^^^st tasteless, but if dissolved m

2:„dIS"Mo;'^^^^ a while becomes eolouriess, and a

^•'tiSt foSuries. cryms, mostly consisti,,g

^
neS they have a bitter taste,

hygroseipic. The
„ absolute alcohol, and

tt^^'^: -IS^-rrt fatty oil. Hellebore.a
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splits by the action of mineral acids into sugar and amorjohous
helleboretin.

Hellehoretin is in the moist condition of a beautiful violet-blue
colour becoming, when dried at 100°, dirty green. Concentrated
sulphuric acid dissolves it with the production of a brown-yellow
colour, which on standing passes into violet and then into brown.
Marme separated from H. fce,tidus, in addition, a white,

intensely odorous substance, but too small in quantity to
thoroughly investigate its properties.

§ 489. There is little doubt that hellebore owes its properties
to the glucosides just described. There are several instances of
poisoning by hellebore root,* and by the pharmaceutical prepara-
tions, but none of poisoning by the pure active principles.
Morgagni mentions a case in which 2 grms. (nearly 31 grains) of
the watery extract of E. niger caused death within eight hours ;and Ferrari saw, after the use of the wine in which the root
had been boiled, two persons poisoned with a like result. A
more recent case was recorded by Eelletar, in 1875, in which
a person died from an infusion of hellebore ; there was, however,
old standing heart-disease, so that there may be a doubt as to
the real cause of death in this instance. Schauenstein mentions
a case in which the roots of hellebore were accidentally used in
soup, but the bitter taste prevented any quantity being eaten
The physiological action, especially of helleborein, is that of
an intense heart poison, and the symptoms produced by the
hellebores are so strikingly like those of the digitalins that it
might be difficult to distinguish clinically between them In
any case of poisoning, the active principle must be separated in
the lorm of an alcoholic extract, and identified as a heart poison
by physiological experiment.

J^^^- ^'.'"'^^"l
is found in a resin obtained from the Euony^nus atropur-pureus; it is crystalhne, crystallising in colourless, cauliflower-like massesconsistmg of groups of steUate needles, which are solubirTn water but

riri ^'"".f ^1^ S^"^^^''^^ ^''^ ^ powerful heart poison,

ff,^- ''rn?^'^^
of a frog to cease in diastole, f

^

thp'/'/!;,,.r
"''*M•S=*^*«^-'^Sl"<=°^ide which has been separated from

and ;hpn
^"l^^'^^by sulphuric acid red-brown, passing into cherry-red.and then, m a few hours, mto violet. On boiling with diluted acids, it

nf*Tr"'-r^^-^ ^°J'^ % tincture officinal in our pharmacopeia; the rootof //. vir,h, IS officmal in the Ge.n.an pharmacopceia, niximum siSClose 3 grm
; maximum total quantity in twenty-four hours 12 annThe tincture is also officinal on the Continent. ' ^

Meyer, Sorpat!'^'
^'""^ ""Published researches of Professor H.
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splits up into sugar and tlieveresiii. Both tlievetia and theveresin are

powerful heart poisons.*

2 SUBSTANCES PARTLY CRYSTALLISABLE BUT WHICH

ARE NOT GLUCOSIDES.

has been investigated by several observers^.
gtrophantin acts

T^ZtZl' pXetltr ritvisi^ pa?alyfs, with
primarily on tlie neari,

, ir, ^ TTe found the pulmonary
^ermanenee of the ventricular systole,

^
Respiration to eontmue m

^^^^^^^^ the\ody are affected,

heart was paralysed. (30
-f^Stv is exac^gerated, and finaUy their

and twitches occur m them ;
their

-f to an action on

functional activity IS destroyed T^^^^^
^^^^^^

the muscular structure itself, ^^^P®'^'^^^^^, " ^
(4 ) The reflex action

independent of the cerebro-s^nal nervous s^^^^^^^^^

but the motor

of the spinal cord IS suspended aftei^
ti-unks continue after

conductivity of ^le spmal cord and of t^^^^
lymph-hearts of

ZStSt^'^^oTl^^^ iftlr the Lod-heart has

it:^ ^
^^^^^^^

similar to that of the digitalms.J

3 NON-CRYSTALLISABLE GLUCOSIDES ALMOST

INSOLUBLE IN WATER.

Adonidin, a very .^^^^1^^,.^^,^*^
^V^^^^^^^ to wliich

Paris ; Pelikan, Com.;,^ /Je^^., t. 60
1^^^^^^^^^

'X Hardy et Callois,

also
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colourless substance, without odour ; soluble in alcohol, but with
difficulty soluble in ether and water. It is precipitated by
tannin, and on saponification by mineral acids, splits up into
sugar and a substance soluble in ether. The effects on animals
are identical with those of digitalin. The root has been used
recently in medicine, and found to slow the heart and increase
the urinary secretion ; in this also it is like digitalis.

§ 495. Oleandrin.—Oleander leaves contain two chemically-
different, nitrogen-free substances. The one is probably
identical with digitalein

; but as this is not certain, Schmiede-
berg proposes to call it provisionally neriin. The other active
substance is essentially the same as the oleandrin of Lukomske*
and Betelli. f Oleandrin has basic properties, and is separatedm the form of an amorphous mass, soluble in alcohol,
ether,_ and chloroform, and slightly soluble in water,
fechmiedeberg obtained a third product from African leaves,
which he calls nerianthin. This, on treatment with sulphuric
acid and bromine, gives a beautiful colour peculiar to oleander
leaves. It is very similar in physiological and chemical properties
to digitalm, and is probably derived by decomposition from one
of the principles already described. There is also a product
similar to digitaliresin.

The active principles of the oleander are separated by digestion
of the leaves with alcohol of 50 per cent., and precipitating the
alcoholic extract with lead acetate and ammonia. The first pre-
cipitate IS yellow, and is probably composed of a tannin-like
substance

;
the next precipitate is white, consisting of the leadoompound of neriin. The precipitates are filtered off", and the

filtrate concentrated
; nerianthin, after a while, separates in light

flocks, and the filtrate from this contains some of the other
products.

§ 496. Nerim or Oleander Digitalin.—Neriin is, in the presence
ol much free mineral acid, precipitated by potass-bismuth iodide,a reaction first pointed out by Marme,t as useful in the isolation
of the helleborins

;
or it may be precipitated by tannin, and then the

precipitate decomposed by dissolving in alcohol, and evaporating itto dryness with zmc oxide on the water bath. It is next extracted

etcher Tl^% !?,
''^' '-^^"^ precipitated by the addition of much

etner^ ihe further purification consists of resolution in alcohol,

bSnuth T precipitation by ether. If, however, the potass-bismuth iodide process is used, tlie liquid must be acidified

t Bull Med. di Bolonna, t. xix., p. 321, 1805. ^ '

+ ZcUschr.J. Rat. Med. [.3 R.], Bd. xxvi., S. 1, 1866.

27
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Strongly with sulphuric acid, and the precipitate washed with

diluted sulphuric acid. The precipitate may be decomposed by

Wyta filtered, and the filtrate freed from baryta by carbon

dSe the mtrate from this contains neriin with banc iodide
;

ft S herefore, treated -ith silver sulphate then again
..^^

baryta, next with carbon dioxide, and also with SH^ te get rid

^^it fitltewilf :iro^:ontain some oleandrin which b^ evapor^

may S precipitated pure by fractiona precipitation. Its

rontracted, and the pulse slow a«ular. ^^"^

;^r=at ~Sf;t''crLd. on the tM.d da,

the symptoms -re aUogethe. pe^^^^^^^^

and belonged rather to the
<=-™l7|„;^J:_,,^osro^^^^^^^

aged thirty.five, near KhfP"e '"O^
^^^^ .iiTthe oleander,

a little over an ounce of fP,'«ff „„t time to %™lk

The symptoms began
fJ'^^^^^^ .'tX'^ ^"'.gU to the

five yards before he iell inseiisiDie
, ^ ^M ii^'tej?^

left side threw him on
1«= fe" ""^^^

M. ii.. NO. 17. 1860. iJH,.
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watery; the man Avas insensible, with frequent convulsions of thekind described for two days, but on the third day became con-
scious, and made a good recovery.
In any case of poisoning, the methods by which nerium and

flT^ l"^ ^It
separated from the plant can be appHed to separate
tissues with more or less success. Here, as in allthe other digitahn-like glucosides, physiological tests are aloneof value m the final identification.

§ 498. The Madagascar Ordeal Poison.-To this group mav also belongthe poison of the Tauchinia veneni/era, a tree in the EW^Mada^ascar^

4. SUBSTANCES WHICH, WITH OTHER TOXIC EFFECTS
BEHAVE LIKE THE DIGITALIS.

§ 499 ErytliTovhUin is an alkaloid, not a ^lucoside and i=!3 to plr^Lin.
'"^^ ^'^^'^'"'^

III.—SAPONIN.

^tlt^lJZTK^"^''^''^^^) ^ glucoside, which, in an impure
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cases of poisoning -^ich have ocour^d from to

:;^4X^St' o°™SeXSne and o^ciina., n.ott,ocU

of toxicological research.
amorplious powder,

very soluble m water, to which it ^^^^ ^. ^^^^^ there

frothing just like soap solu ion.

J- -^^'\f^^^^ neutral

ot 'itta no'odour! bVt—nting Ff applied to the

m reaction, it has no oc oui,
sweet, and

Hiucous membrane Of the
^^^os en^Sely into^^^^^ in absolute

then sharp and acrid. It is a^^^f ^^^'^^^^ ^030 ^ separate again

alcohol, but dissolves m hot
^l^^^fJ^^^^^^^^^ tasic lead

nearly completely on cooling. ^V', case it is advisable

acetate, and also by baryta water but m each case 1

to operate on concentrated
; , S> precipit^*^-

chloride, and alkaloida " group
^'^^^Sf^^^*^^^^^^^^^^

When a little of the solid substance is
^^^^^^^^ ^ drop

reagent, there i- g-nish
-J^f^ f^^^^^^^ of

of strong sulphuric
. "^^^^f^^^^^^^

heating,

saponin, strikes slowly a ^"^^^ [^^^^^7 l,^ric acid shows

deepens to maroon-brown Nordha^^^^^^^^^

this better and more rapidly. If ^^P^^"^
^^^^^ therefore the

acids it breaks up into sapogenm and sugai,_ ai
^^^.^^^

liquid after neutralisation reduces Fehhng.

after the following equation

Saponin. Sapogenm. Sugar^

CsoHmOis + 2HoO = C14H00O2 + SOcHioUc

Sapogenin may be ^eparaWl by ev^J^n^^^^^
liquid to dryness, treating the

^}
^ ^^^^^^^^^^ the substance

dissolves out the sapogenin, and h^^^^^^^^^

J'^^
^,^,,l,oL

from the ethereal solution, ^n^ crysta
1^^^^^^^^ ^

Crystals are readily obtained ^he
f^f^^^^

exposed to

^r^T^XAi^o. diokle; not unf.-

saponins on frogs. One to two drops of a sa^^^^^^^^^
,

of saponin applied «^^eutanem y to tlK^

^^^^ , ^ loss 0

to 6 minutes, great ^^^kncj, accomi
-^.^^l stiuiHh

sensibility; but strong mechanical, chemical,

* Berl Kl. ]VocIif<chr., 36, 186.
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applied to the foot excited reflex action, for the ischiatic nerve
still retained its functions. Nevertheless, from the commencement,
the excitability of the poisoned muscles was much weakened,'
and just before death quite disappeared. Section of the ischiatic
nerve delayed the phenomena. Ourarine did not seem to have
any effect on the poisonous action. A concentrated solution
applied to the heart of a frog soon arrests its beats, but weaker
doses first excite, and then retard.*

I have recently studied the general action of saponin on
kittens, insects, and infusoria. Small doses, such as from 13 to
•7™^™^; to 1- grain), were injected beneath the loose skin
at the back of the neck of a kitten, when there were immediate
symptoms of local pain. In from 5 to 10 minutes the respiration
notably quickened, and the animal fell into a lethargic state,
with signs of general muscular weakness; just before death
the breathing became very rapid, and there were all the signs
ot asphyxia. The pathological appearances after death were
fulness m the right side of the heart, and intense congestion ofthe intestinal canal, the stomach generally being perfectly normalm appearance, and the kidneys and other organs healthy. The
least fatal dose for a kitten seems to be 13 mgrms., or -04 o-rm
to a kilogram, t .

^ s^"^-

. § -^OS. Action on Man—The effects of saponin on man havebeen but little studied; it has been administered by the mouthm doses of from -1 to -2 grm., and in those doses seems to havedis inct physiological eff-ects. There is increased mucous secretion

bl'oSvfd f""%'i ^^^^P^"^'^^^^ diuresTs has

that , an f
.foregoing study it may be predicatedthat . b grms. (40 grains), if administered subcutaneously to anadult, would endanger life. The symptoms would be Ireat

faatorv aof,-i'
^''^''1^'"' '"^'^ i^"*^^* or inflam-

inSZeTtruirbe^Tbr^ ^^^--^

JJ^t'J'^—f"''
Q/;'S'a/.o«i.2.-Saponin is separated from bread,

"Foods » von %r^'''"''' P^°^«^^ P- 153

with hot In ^J P^ff'
essentially consists in extractingwith hot spirit, allowing the saponin to separate as the spirit

* J. Hoppe, Nervenwirhing dcr TTeilmiUel, H. 4, 37
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cools collecting tlie precipitate on a filter, drying dissolving

• wntPr and precipitating with absolute alcohol. In

/have successfully proceeded as
g^^-^^^^.X^^^^

organ is digested xn ako^^o ^0 to 90 per cen
g^^,

with chloroform, which will extract ^^P^^^;
of the case,

in one of my own experiments, m a P°™
i^eoside

cutaneous dose of saponin (-2 grm.) ^^^0 after death at

was obtained from ^^^y
^^^^^i^ S^^Sd i^^

which it is probable that saponin could be detected
^

i+ is a substance easily decomposed, and, tnereiore,

animals, can be no other than saponin:

DIVISION IIL-OERTAm POISONOUS ANHYDRIDES

OF ORGANIC ACIDS.

I._SANTONIN.

§ 506. Santonin (0 ,H,0,) ? ^^^^^^^^LT^^^^
from the unexpanded heads of various sptcies o
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Ord. Compositce). The seeds contain, according to Dragendorff,
2-03 to 2-13 per cent, of santonin, and about 2-25 pei' cent, of
volatile oil with 3 per cent, of fat and resin. Santonin forms
brUliant, white, four-sided, flat prisms, in taste feebly bitter.
The crystals become yellow through age and exposure to light

;they melt at 169°, and are capable of"being sublimed; they are'
scarcely soluble in cold water, but dissolve in 250 parts of boiUno-
water, freely in alkaline water, in 3 parts of boiHng alcohoj
and in 42 parts of boiling ether. Santonin is the anhydride of
santonic acid (O^^H^oO^). Santonin unites with alkalies to form
santonates.

_
SocHc santonate {0,,B:,,mO^ + 3^Iip) is officinal

on the Continent; it forms colourless rhombic crystals, solublem 3 parts of cold water.

§ 507. Poisoning hy Santonin.—Eighteen cases of poisoning
either by santonin or santonin-holding substances, which F a'
J^alck has been able to collect, were nearly all occasioned by its
use as a remedy for worms. A few were poisonings of childrenwho had swallowed it by accident. With one exception those
poisoned were children of from two to twelve years of age • inhve the flower heads, and in thirteen santonin itself was taken.

s^^o'^^l ""^^^^^^^ ^^"^ '''^^'^ ^^^^ (^bout 11 per cent.)
§ 508. FafM Dose.—Bo small a number of children have diedfrom santonin that data are not present for fixing the minimum

iatal dose. -12 grm. of santonin killed a boy of five and a half

auantHv ' ? ^^^'^ ^ied from aquantity of flower heads equal to -2 grm. of santonin. Themaximum dose for children is from 65 to 194 merms (1 to 3
grains), and twice the quantity for adults.

§ 509. Ejects on Animals.—Exj^eviments on animals withsantonin have been numerous. It has first an exciting action onthe centres of nerves from the second to the seventh^pairs, and

affected t\
excitability. The medulla^ is \Traffected. There are tetanic convulsions, and death followsthrough asphyxia. Artificial respiration lessens the nuXr

or etW^S convulsions, and chloroform, chloral hydrate,

s Ki n ' i^J P^^^®^* o^ slio^ten the attacks,

santonin f£''^' T ^7—0^^ of tl^e most constant effects ofsantonin IS a peculiar aberration of the colour-sense, first observed

iL ^: Zi:V''l ^^Y^--/--
yeHow.and this mlylast for twenty-four hours, seldom longer. According to Rosethis apparent yellowness is often preceded by a violet hue oxSall objects If the lids are closed while th^' ye low s^ht » 1^present, the whole field is momentarily violet.^ De MaVtly*

* Gaz. desIIdpU., 1860,
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in a few cases found the "yellow sight" -^-^^^^ ^^Jf
other colours-6.^., after -3 grm. t^^^]^^^

J.^. ^^^^^ a^? ob ec^s
Tiprcet)tion then giving the same individual b g™-, all objects

LeSriour^^^ red, after half an hour orange and then again

yeTow In Mother' patient the effect of the drug was to give

^'"S^T^S^^:^^^^^ curious effect as a direct

actfof:; t nervous elements o^^- reti„n^^^^^^^^^

give the percep ion °f

^ f^f^^^.tSLl'^^

colours observed m a ceases To the attea^^^^^^^

also often added hallucinations
'Jn^^^ obser-'

ache and giddiness, and in ^
^ fs Lreased.

vations vomiting occurred. The ^^^^.'^^''^fT . ^dv clonic,

Tn lar<^e and fatal doses there are shivering of ^^^''/'^y;,";'^?.-'

andX tetanic convulsions ; the—sne-

is cool, but covered with sweat, the P^P^^^'^^'^^^f ^^^'^d death
becomes stertorous, the heart's ^^^^^^

I'jfJ^^^tm T fifteen

occurs in collapse-in the case
^^^^^^^^^[Xt liours. In

hours, in one observed by ^^^^^^^^.^^^^^^
a so been noticed

those patients who have recovered there has also
^^^^^^^

convulsions and loss of con«cio«
taS's) santonin; an

the case of a child who took 12 f
'^ra

;
j^.^^

eruption of nettle rash showed itself, but disappeare

Post-^norter. Appearances.-Tl.e post-morte.n appearances

are not characteristic.
rnnfents of the Stomach,

S 512. Separation of Santomn from the
it has

^i_It is Specially i-P^^tant
--^^^^^^^^

been observed that P^^^^^^i"^^^^^^^ taken santonin,

tinal canal. The urme, also, of peisons
„f ^ .culiar

possesses some important P^^^^^^^"^^*;^-,/^^^^^^ ingestion of

yellow-green, the colour appearing oon attei .

the drug, and lasting even ^.^^7'. Xh is produced by

imitated^ and therefore confused -^h tha wlncl
p^_^^^^

the bile acids; a similar colon
^^^^^f;,'';'o'\,rine c^^^^

been taking rhubarb. Alkalies added to xn i

.^^^

santonin or" rhubarb strike a red colour it
^^^^^^^.^

reddened is digested on zmc dust, santonin uime

• Brit. Med. Journ., 1S71.
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urine remains red. Further, if the reddened urine is precipi-

tated by excess of milk of lime or baryta water and filtered, the
filtrate from the urine reddened by rhubarb is colourless, in that
reddened by santonin the colour remains. Santonin may be
isolated by treating substances containing it with warm alkaline

water. The water may now be acidified and shaken up with chloro-
form, which will dissolve out any santonin. On driving off the
chloroform the residue should be again alkalised, dissolved in
water, and acidified with hydrochloi-ic acid, and shaken up with
chloroform. In this way, by operating several times, it may
be obtained very pure. Santonin may be identified by its

dissolving in alcoholic potash to a transitory carmine-red, but
the best reaction is to dissolve it in concentrated sulphuric
acid, to which a very little water has been added, to warm on
the water bath, and then to add a few drops of ferric chloride
solution in the warm acid ; a ring of a beautiful red colour
passing into purple surrounds each drop, and after a little time,
on continuing the heat, the purple passes into brown.

II.—MEZEREON.

§ 513. The Daphne Mezereum (L.)—Mezereon, an indigenous
shrub belonging to the Thymeleacece, is rather rare in the wild
state, but very frequent in gardens. The flowers are purple and
the berries red. Buckheim isolated by means of ether an acrid
resm, which was converted by saponifying agents into mezereic acid;
the acrid resm is the anhydride of the acid. The resin is pre-
sumed to be the active poisonous constituent of the plant, but
the subject awaits further investigation. There are a few cases
of poisoning on record, and they have been mostly from the
berries. Thus, Linne has recorded an instance in which a little
girl died after eating twelve berries. The symptoms observedm the recorded cases have been burning in the mouth, gastro-
enteritis, vomiting, giddiness, narcosis, and convulsions, endingm death. *=*



426 POISONS : THEIR EFFECTS AND DETECTION. [§ 514, 515.

DIVISION IV.—VARIOUS VEGETABLE POISONOUS

PRINCIPLES—NOT ADMITTING OF CLASSIFICA-

TION UNDER THE PREVIOUS THREE DIVI-

SIONS.

I.—ERGOT OF RYE.

6 514 Ergot is a peculiar fungus attacking the rye and other

graminaceous plants;* it has received various names, Claviceps

Purpurea (Tulasne), Spermeedia clavus (Fries), SderoUum cl^vus

(V, 0 ) &c. The peculiar train of symptoms arising from the eat-

inc^ of ergotised grain (culminating occasionally m gangrene o

the lower limbs), its powerful action on the pregnant uterus, and

its styptic effects, are well known.
, +n

The very general use of the drug by accoucheurs has, so to

speak popullrised a knowledge of its action among aU classes

of society%nd its criminal employment as an abortive appears

to be on the increase.f
. ^ . tiihi

The healthy grain of rye, if examined microscopicaUy m thm

sections, is seln'to be composed of the -ed-coating made u^
two layers, beneath which are the gluten-cells, ^l^^^* *1^\S\^^

bulk of the seed is composed of cells containing starch. In the

er^otisec grafn, dark (almost black) cells replace the seed-coat and

the Suten-cells whilst the large starch-contammg cells are filled

lith the small 'cells of the fungus and numerous drops of od.

§515. The Chemical Constituents o/ ^r^^oi are a fixed od tn

Trimethylamine is always present ready fomed m eigo.,

can also be produced by the action s
P°f^^ °

\^^^gfd,rable con-

With regard to the active principles of ergot ^o^sKleiaDi

fusion stilf exists, and no one has
^^f^'-'^jff^^^^^

substance in such a state of purity as to uispue confidence

* Some of the Cypcraceoi are also attacked.
purpose. Vide

t The Russian peasantry use the drug for the same p i

Mackenzie Wallace's "Russia," i., p- Uv.
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its formula or other chemical characters. They may, however, be
briefly described.

0. Tamet,* has separated an alkaloid, which appears identical
with Wenzel's ergotinine. To obtain this the ergot is ex-
tracted by alcohol of 86°, the spirit removed by distillation,

and the residue cooled ; a resin (which is deposited) and a
fatty layer (which floats on the surface) are separated from
the extractive liquor and washed with ether ; the ethereal solu-
tion is filtered and shaken with dilute sulphuric acid, which
takes up the alkaloid ; the aqueous solution of the sulphate is

then filtered, rendered alkaHne by KHO, and agitated with
chloroform. The ergotinine is now obtained by evaporating the
chloroform_ solution, care being taken to protect it from contact
with the air. It gives precipitates with chloride of gold, potas-
sium iodohydrargyrate, phosphomolybdic acid, tannin, bromine
water, and the chlorides of gold and platinum. With moderately
concentrated SO^H^, it gives a yellowish-red coloration, changing
to_ an intense violet, a reaction which does not occur if the alka-
loid has been exposed to the air. The composition of the base is
represented by the formula and a crystalline sul-
phate and lactate have been obtained, f

Wenzel's Ecboline is prepared by precipitating the cold watery
extract of ergot with sugar of lead, throwing out the lead in the
usual way by hydric sulphide, concentrating the liquid, and
adding mercuric chloride, which only precipitates the ecboline.
The mercury salt is now decomposed with hydric sulphide, and
after the mercury precipitate has been filtered ofi", the filtrate is
treated with freshly precipitated phosphate of silver, and refil-
tered

;
lastly, the hquid is shaken up with milk of lime, again

filtered, and the lime thrown out by CO2. The last filtrate con-
tains ecboline only, and is obtained by evaporation at a gentle
heat. It is an amorphous, feebly bitter substance, with an alka-
line reaction, forming only amorphous salts.
The most recent research by Dragendorff' on ergot tends to

sfiow that Wenzel's alkaloids, ergotinine and ecboline, are inac-
tive. Dragendorff" describes also («.) Sderomtocin, a slimy sub-
stance which goes into solution upon extraction of the erc^ot
with water, and which is again precipitated by 40 to 45 percent
alcohol. It is colloidal and soluble with difficulty in water It
contains nitrogen, but gives no albuminoid reaction, nor any
reaction of an alkaloidal or glucosidal body; it yields to analysis—

* Compt. liendus, vol. xxxi., p. 896.
+ Compt. liendus, April, 1878.
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8-26 per cent. Water.

26-8 „ Ash.

39-0 „ Carbon.

644 „ Hydrogen.

G-41 „ Nitrogen.

(b.) Sclerotic Acid.—A feebly-acid substance, easily soluble m
Avater and dilute and moderately concentrated alcohol. it

passes, in association with other constituents of the ei;got extrax;t

iiito the diffusate, when the extract is submitted to dialysis; but

after its separation in a pure state it is, like scleromucm, col-

loidal. It is precipitated by 85 to 90 per cent, alcohol, together

with lime, potash, soda, silica, and manganese ; but after macerar

tion with hydrochloric acid, the greater part of the ash con-

stituents can be separated by a fresh precipitation with absolute

alcohol. The sample gave 40-0 per cent, of carbon, 5-2 per cent

hydrogen, 4-2 per cent, nitrogen, 50-6 per cent, oxygen, ^^th <3-4

per cent, of ash. Sclerotic acid forms with lime a compound that

is not decomposed by carbonic acid and which upon combusti^^^^

leaves from 19 to 20 per cent, of calcium carbonate Both these

substances are active, although evidently impure.

is sold in commerce, and has been employed subcutaneously m
midwifery practice in Russia and Germany for some time.

The inert principles of ergot are-(l.) A red co ouring ma t i

Schrerythrin, insoluble in water, but soluble m dilute and stiong

alcohol, ether, chloroform, dilute solutions P«^^^^'

&c. It can be obtained by dissolving m an alkali, ^eutmlismg

with an acid, and shaking up with ether. Akohohc solutmn of

sclererythrin gives with aluminium sulphate, and with zmc

rhlorTd'e, a splendid red mixture ; with salts of calcium b-.u^

and many of the heavy metals, it gives a blue precipitate
,

the

yield is only "l to -05 in a thousand parts.
^

(2 ) Another colouring-matter, dissolving m concentrated

sulphuric acid with the production of a fine blue ^olct colour^

thrdiscoverer has named Scleroidin. This is not soluble m

alcohol ether, chloroform, or water, but dissolves m a ka me

Sutbns potash producing a splendid violet colour ;
yield about

^fs^TTwo crystalUne substances, which may obt^med

from ergot powder, first treated with an aqueous solution of

tartaric acid, and the colouring-matters ex^-acted
^J^^'^J^^,

Dragendorff names Sclerocrystalhn (Sj,q^-^xo^.,) ' ^ .^^Xe in

needles, insoluble in alcohol and water, with
^^"/^^ ^^^^^^

ether, but dissolving in ammonia and
'^^^^^^l^^^^f^^^^^^^^

other crystalline substance is thought to be meiely a lija
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compound of sclerocrystallin. Both are without physiological
action.

§ 516. Detection of Ergot in Flour (see vol. i. "Foods," p. 154).
The best process is to exhaust the flour with boiling alcohol.
The alcoholic solution is acidified Avith dilute sulphuric acid, and
the coloured liquid examined by the spectroscope in thicker or
thinner layers, according to the depth of colour. A similar
alcoholic solution of ergot should be made, and the spectrum
compared. If the flour is ergotised the solution will be more or
less red, and show two absorption bands, one in the green, and a
broader and stronger one in the blue. On mixing the original
solution with twice its volume of water, and shaking successive
portions of this liquid with ether, amyl alcohol, benzene, and
chloroform, the red colour, if derived from ergot, will impart its
colour to each and all of these solvents.

§ 517. Pharmaceutical Freparatioois.—Ergot itself is oflicinal in
all the pharmacopoeias, and occurs in grains from 1 to 1 inch in
length, and about the same breadth, triangular, curved, obtuse
at the ends, of a purple colour, covered with a bloom^ and brittle,
exhibiting a pmkish interior, and the microscopical appearances
already detailed. Ergot may also occur as a brown powder
possessing the unmistakable odour of the drug. A liquid extract
at the is. F. IS prepared by exhausting the ergot of fat by ether,
digesting the marc in water at 160°r., and evaporating : spirit
IS then addec^ and the liquid filtered from the precipitate which
IS formed The extract of the Continental pharmacopeias is
very similar. It has been found in practice that the addition of
a little sulphuric acid aids in preserving the strength of the
extract which will, therefore, be generally found acid, containing

. ™noQ
*° -'"^"^ matters, and yielding from -022

to -UJb of albuminoid nitrogen when distilled with alkaline
pei^manganate of potash. A tincture and an infusion are alsoomcmal; the latter is very frequently used, but seldom sold, for
it is preferable to prepare it on the spot. The tincture experi-
ence has shown to be far inferior in power to the extract, and it
is not much used.

§ 518. ijose.—The main difficulties in the statement of the
meclicinal dose, and of the minimum quantity Avhich will destroy
lite, are the extreme variability of diflerent samples of er-ot and
Its readiness to decompose. A full medicinal dose of ergot itself

eve?vT.lf°lf """""T
in labour, is 4 grms. (Gl-7 grains),*repeatedevery half hour. In this way enormous doses may be given insome cases without much effect. On the other hand, single dosesot tiom 1 to 4 grms. Iiave caused serious poisonous symptomsThe extract and the tincture are seklom ^ven in laiei^cW
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than that of a drachm as a first dose, to excite uterine contrax;-

tion In fact, the medical practitioner has m many cases to

experiment on his patient with the drug m order to discover

not only the individual susceptibility, but the activity of the

navicular preparation used. From the experiments of Nikitm,

TiS probSe that the least fatal dose of sclerotic acid for an

adult man is 20 mgrms. per kilogrm.

flS i:rffotism%-^riotM cereals have played a great part

in various epidemics, probably from very early tmes, but the

oniraccurate^ records respecting them date from the sixteenth

century According to Dr. Tissot,* the first recorded epidemic

wTs i7i596, when a strange, spasmodic, convulsive disease broke

out n Hessia and the neighbouring regions. It was probably

Z Surred rye In Voigtlander, the same disease appeared

?n 1648^649, and 1675; in 1702 the whole of Freiberg was

attacked In Germany and in France successive epidemics are

described throughout the 18th century. In France m 1 aO, Oh

S, phyician at the Hotel Dieu, had no less than fifty cases

^1t\~airs^a% Thuillier, in describing an

er"t epidemic which broke out in Cologne, first referred the

cause of the disease to spurred rye. .

Tt is interesting to inquire into the mortality from this

disease ?n 177?^ in an epidemic described by Taube in which

?00 we affected, 16 percent, died. In a rnneteenthW^^^^

epidemic (1855), in which, according to Husemann, 30 were lU

l^^Ver cent died. In other epidemics, according to Heusinger,

St ^102 12 per cent, died ;
accorcUng to Griepenkerl, out of

155 25 or'l6 p^er cent, died; and, according to Meyer, of 283

^^TirVaTero £s of chronic poisoiung by ergot-one a

body There is also very commonly
^^ff.^l^^f^^ even of

an7toes, and later of the extremities of
of

the tongue. Diarrha3a vomiting
^^^^ ^^^^^^^ also

intestinal irritation seldom ^^1^ ^^^^^^P'^f,^'^ to well-marked
tetanic spasms of the muscles, rising m some cases t^

tetanus
;
epilepsy, faintings, aberrations of

^J^^^^^'
earthy

amblyopia are frequent; the skm becomes of a yeUo^^

infi iVf.-i This is a Latin letter

* Dr. Tissot in PhU. Trans vol
l^j'J^". ' epidemics of ergotism,

by Dr. Baker, and gives a good history of the vaiious ei
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colour, and is covered with a cold sweat ; boils and other erup-
tions may break out

;
blebs, like those caused by burns or scalds,

have in a few cases been noticed. Death may occur in from
4 to 12 weeks after the eating of the spurred grain from exhaus-
tion. In those individuals who recover, there remain for some
time weakness, contractions of groups of muscles, anjemia, or
affections of vision.

§ 521. The Gangrenous Form of Ergotism.—In this form there
is generally acute pain in the limb or limbs which are to
mortify

;
and there may be prodromata, similar to those already

described. The limb swells, is covered with an erysipelatous
blush, but at the same time feels icy cold ; the gangrene is o-en-
erally dry, occasionally moist; the mummified parts separate
ivom the healthy by a moist, ulcerative process ; and in this way
the toes, fingers, legs, and even the nose, may be lost. Durino-
the process of separation there is some fever, and pyemia mav
occur with a fatal result.

Fontenelle described a case in which a rustic lost all the toes
oi one foot, then those of the other; after that, the remnant of the
first foot, and lastly the leg. But probably the most extra-
ordinary case of gangrene caused by the use of ergot is thatwhich occurred at Wattisham, Suffolk, in the family of a labour-
ing man named John Downing. He had a wife and six children
of various ages from fifteen years to four months. On MondavJanuary 10th 1762, the eldest girl complained of a pain in the

SrllpTif °' "^'^^^S ten, also ex-perienced the same symptoms. On the following Monday themother and .another child, and on Tuesday all the rest o^f the

violent'" T^e ff l''^"^'
^ff^^*^^^- The pain was v ryviolent. The baby at the breast lived a few weeks, and died ofmortification of the extremities. The limbs of the family now

dS t f ^ on theJ con-dition made by an observer. Dr. 0. WoUaston, F.KS., on April

moi^^iT""*^""' . ^^^S^* ^^kle, the left legmwtified
; a mere bone left, but not off

^

Elizabeth, aged 13. Both legs off below the knees.
barah, aged 10. One foot off at the ankle.
Kobert aged 8. Both legs off below the knees.
Kichard, aged 4. Both feet off at the ankle.
iniant, four months old, dead."

f.3i
^""^^^ ^""^ ""^'^ attacked a fortnight after the rest of thpfamily, and in a slighter degree-the pain being confined to the^gers of his right hand, which turned a blackish coloun and werewithered for some time, but ultimately got better
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1 -Pnnf if soeciallv noted that the family were

ofpoisomngbyergotofrye rec^^^^^^^^^^^

symptoms were mainly

shows, on the one hand symptoms of § on

irritation, as vomiting, ^o^^^^^^^P^^'i^fNervous system, weak-

the other, of a secondary affection of the ^
^^,^tion of

ness of the limbs, aberrations ot MSion, cieuriu ,

•urine, coma, and death,
TPyo^evhnpnts on Animals.

§523. Physiological ^«^^^'^«^^^^^"^;\^^/Ss and Bian, the

Jin spite of numerous «?^P«^^"^«,^^^^. °^X^^T It l^as been

action of the ergot principles remains obscure^

found in medicine to exert %\P^^7^'^^^ in labour,

causing powerful contractions of that "^S^^' ^'P^'^';^^^^
from the

Tt is ^Iso a haemostatic and is u-cUo ch ck ^^^^^^^^

\ L the PMl. Tran... for 1762 tlK^e two^tnc% ^oni^^^^
of this case; and in the pansh serves to

memorial tablet, which
™,^^„„^'/"\Sv m^^^

authenticate the truth of a
^^"fj^f^^";^^ lost their feet by a mortifi^

poor family in this parish
pj/'^f i\ ;,.,.,tive of their case is recorded m

k^:Si"Si^errJ^^^o«o4ii^ Tra„sac,ons for 1702."

rSa^^$

r,:^n^i^;:f^^^
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narrowing in the calibre of the small arteries, but this has not
received the necessary experimental sanction. Holmes,* Ebertj,
Kohler,t and Wernick,f all observed a contraction in the part to
which the ergot was applied, both in frogs and in warm-blooded
animals ; but L. IIermann,§ although he made many experiments,
and used the most different preparations, never succeeded in
observing a contractipn. It would also seem reasonable to
expect that with a narrowing of the vessels, which means a
peripheral obstruction, the blood-pressure would rise, but on
the contrary the pressure sinks, a fact on which there is no
division of opinion.

ISTikitin has made some researches with pure sclerotic acid,
which certainly possesses the most prominent therapeutic effects
of ergot ; but since it is not the only toxic substance, it may not
represent the collective action of the drug, just in the same way
that morphine is not equivalent in action to opium. Cold-
blooded animals are very sensitive to sclerotic acid; of the
warm-blooded the carnivoraj are more sensitive than the
herbivorte. The toxic action is specially directed to the central
nervous system—with frogs, the reflex excitability is diminished
to full paralysis

; with warm-blooded animals reflex excitability
is only diminished, and continues to exist even to death.

_

The temperature falls, the breathing is slowed, and the respira-
tion stops before the heart ceases to beat ; the peristaltic action
of the intestines is quickened, and the uterus (even of non-
pregnant animals) is thrown into contraction. The terminations
of the sensory nerves are paralysed by the direct action of
sclerotic acid, but they remain intact with general poisonino-
The heart of frogs is slowed by sclerotic acid. Eberty observed
that this slowing of the heart (he used ergotin) was produced
even after destruction of the spinal cord ; he therefore considered
It as acting on the inhibitory nerve apparatus of the heart
Itself Rossbach, using Wenzeln's ecbolin, has also studied its
a^ion on the heart of the frog, and observed that the slowing
aff"ected the ventricles rather than the auricles, so that for one
ventricle-systole there were two contractions of the auricles;
besides which, the contractions themselves were peculiar and'
abnormal in character. The cause of death from sclerotic acid
seems to be paralysis of the respiration. It is said not to affect
animal foetal life. With regard to the effects produced by
leeding animals with ergotised grain, experiments made durino-

* Archiv d. Physiol. Norm. u. Pathol., iii., p. ,384.
t TTc.bpj- die Wirktmf/en dc:s Secale Corniilum. Disserb. Halle 187^
t Arch./. Pathol. Anal., Ivi., p. 505.

'

§ Lehrbuch der Bxper. Toxicologic. Berlin, 1874, p. 386.

28



434 POISOSS; THEIR EFFECTS AND DETECTION. [§
624-526.

the last century have proved that it t^oiuc^^J^^ll'^^ou.

disease-^.?., 0. Salerne mixed one part °'
/PJ'«^J.y''^Xw

t„o of good barley and M^^^^^^^

is doubtful.

TT PTPROTOXIIT THE ACTIVE PRINCIPLE OF THE

ZTu%fllj^lCU.S (INDIAN BEEEY. LEVANT

NUT).

s r..-)K hprries of the Menispermum cocculus comprise at

,eal^tre?deS^rystamne.priL^^^^^
menispermvne (nitrogen containing bases), ana 2ncro

possesses «f .^^^ ^^^-^
cUscovered in 1820 by BouUay.

8 526. Picroioaji?^ (O12H14U5) was ciiscove
boiling

It'is usually prepared
r/lSlin^ tt a^^^

alcohol, distilling the alcohol off, boilm tiie a

with a large quantity of water, purifying the ^vatery

Courbe, IS associated with a ^econa ^ y
picrotoxin removed

powdered berries are extracted ^^yj^l^^^^^^^^^^^^^^
and parameins-

L hot water from the alcoholic f
^ract the memspe

^^^.^

plrxnine dissolved out together
^^^^^^^^^^ iu acetic acid,

precipitated by ammonia. .The broM n pre^^^^^^^
precipitate is dried

mtered, and agam P-^f^ftated by ammonia i
.^^ 1

SJ^Iv^Vel? Sr^iuSolvero^t ^ menispermine, but leaves the

^=|SrLms white semi-tiun^parent f^^^
melting it 120% decomposed at

'^^"Sjt^i^J^^^lcou bin^d with 8. atoins of

but dissolving m warm '^^^"j^"!
^^^^.trnJ' The crystals ai-e without any

water it crystaUises in ^^1'^^%'''^^.^^'^!^; i,e\ovmed.
taste ; in combination with acids salts may be t^^^^

Para^nenisperviine forms f9'i'^-«"^^lpr
sm^^^^ la

J^^^^^^ ^^.^ soluble m
melting at 250°, and sub iming ""decomposed. X y

^^^^^

absolute ether, insolub e in water,
[f^'^'^'^^f a^^

without forming

Paramenispermine dissolves m acids, but apparc j

definite salts.
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with sugar of lead, concentrating the colourless filtrate by
evaporation, and crystallising the picrotoxin out of water.

Picrotoxin crystallises out of water, and also out of alcohol,m colourless, flexible, four-sided prisms, often arborescent, and
possessing a silky lustre.' They are unalterable in the air,
soluble in 150 parts of cold, and 25 parts of boiling water,'
dissolving easily in acidified water, in spirit, in ether, in amy!
alcohol, and chloroform. They are without smell, but have an
extremely bitter taste. Caustic ammonia is also a solvent.
The crystals are neutral and bitter. They melt at a gentle heat

to a yellow mass ; at higher temperatures giving ofi" an acid
vapour, with a caramel-like odour, and lastly carbonising
Picrotoxin m cold concentrated sulphuric acid dissolves with
the production of a beautiful gold-yellow to saffron-yellow
colour, which becomes on the addition of a trace of potassic
bichromate violet, passing into brown. An alcoholic solution
turns a ray of polarised light to the left [a]j = - 28-1°.

Picrotoxin behaves towards strong bases like a weak acid
Its compounds with the alkalies and alkaline earths are gummyand not easily obtained pure. Compounds with quinine, cin-
chonine, morphine, strychnine, and brucine can be obtained inthe crystalline condition. Dilute sulphuric acid transforms it,with assimilation of water, into a weak gummy-like acid

jtlfitTTf'
to the formula C^.H^A- Nitric acid oxil

fc TT moTo Tn T^N^^T?™*"^"^ ^''^ bromopicrotoxin

be obtaSd. " ^i^HioBr^O-), can by appropriate treatment

Concentrated aqueous solutions of alkalies and ammonia

tTr^roLSor'T 'l"^
-.----g- It reduces aTaHn:

'reen C bT«V t I
bichromate of potash a beautiful

The
best test for Its presence is, however, as follows :-

ack n.rl fh
°i ^^Itpetre, the mixture moistened with sulphuric

IS iocfucer^J'/ ^'^P^'f •''.''^ '"^^'"^y^ excess, when thereIS produced a transitory brick-red colour. For the reaction tosucceed, the picrotoxin should be tolerably pure.
bolutions of picrotoxin are not precipitated by the chloridesof
p atinum mercury, and gold, iodides of potash, ferro- and
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Ealck's -03 grm. (-46 grain), injected into a vein, destroyed a

Tt^ong hound within 20 minutes; -016 grm. (-24 grain) injected

under the skin, killed a guinea-pig in 22 minutes; and -012 grm

M Strain) a hare in 40 minutes. Hence it may be inferred

kat from 2 to 3 grains (12-9 to 19-4 centigrms.) would, in all

probability, be a dangerous dose for an adult person.
_ _

n 528 Effects on ^mmaZs.-The toxic action of picrotoxm on

fish and frogs has been proposed as a test. The symptoms

observed £ fish are mainly as foUows :-The fish, according to

?he dose, show uncertain motions of the body, lose their balance

and fina ly float to the surface, lying on one side, with frequent

of the mouth and gill-covers. These symptoms are,

however in no way distinguishable from those induced by any

Srou's'uLtance in the water, or by many diseases to which

fish are liable. Nevertheless, it may be conceded that in certain

cases the test may be valuable-if, e.g., beer be the matter of

research none of the methods used for the extraction of picro

SrwiU be likely to extract any other substance having the

po^sonrus action described on fish, so that, as a confii-matory

n'ro'i' undC the Suence of picrotoxin, become fixst uneasy

.nd Sstless and then somewhat somnolent; but after a short

to tetlic convulsions set in, which might lead

irimagine that the animal was poisoned by
^fj^^; • ^^^'^^

Vmwever one marked distinction between the two— that

n Stoxin poisoning an extraordinary swelHng of the abdomen

has^Cen observed, a^ymptom which, so far as known, is c ue

to picrlxYn alone. The frog is, therefore, in this instance, the

most suitable object for physiological
*f .n.^.,. definite

Beer extract containing picrotoxin is fatal to flies but no d^hn

conclusion can be drawn from this, since
^^^J^^^Jl^^'^'""

I ^+oWTr nm^^ia^ are in a similar manner fatal to insect me.

^itS^ '^^rL^/».-On,y faU. cases of po^«.g^^..y

cirinKin
recovered. Ia the second case, a boy, agea

TelvtsVS^w^fsro^f
poisoning fish, the active principle of Which as ooc

L a few^'minutes the boy
f-P^"^^^^^'^,;.^;;^^^^^^^ 'Sing, and

pains in the gullet and
.^^^^^^^^^

diarrhoea. A violent attack of
S^;^f^^i^^^J^'^.l^Xv The post-

fever and delirium; he died on the
^^.^^^^f^^^^^^^^^

,nor-«em signs were those usual m porjtomtis
f^^^^^^^^

discoloured, and its coats thinner and ^of^ei than >uis
^^^^

there were also other changes, but it is obvious that.
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death took place so long after the event, any pathological signs
found are scarcely a guide for future cases.

§ 530. Physiological Action.—The convulsions are considered
to arise from an excitation of the medulla olalongata; the
vagus centre is stimulated, and causes spasm of the glottis and
slowing of the heai-t's action during the attack. Rohrig also
saNv strong contraction of the uterus produced by picrotoxin.
According to the researches of Orichton Browne, chloral hydrate
acts in antagonism to picrotoxin, and prevents the convulsions in
animals if the dose of picrotoxin is not too large.

§ 531. Separation from Organic Matters.—Picrotoxin is ex-
tracted from aqueous acid solutions by either chloroform, amyl
alcohol, or ether; the first is the most convenient. Benzene
does not extract it, if employed in the same manner. On
evaporation of the solvent the crude picrotoxin can be crystallised
out of water, and its properties examined.

III.—THE POISON OF ILLICIUM RELIGIOSUM—
A JAPANESE PLANT.

§532, A new poison belonging to the picrotoxin class has been described
by Dr. A Langaard. In 1880, five children in Japan were poisoned by the
seeds of the ItlirAum religiosum; three of the chUdren died. Dr. Laniard
then made yanons experiments on animals with an active extract preparedby exhaustion with spirit, and idtimate solution of the extract in water,^ylcmann has also imperfectly examined the chemistry of the plant, and
has succeeded in isolating a crystalline body which is not a glucoside : it is
soluble m hot water, in chloroform, ether, alcohol, and acetic acid, but it
IS msoluble m petroleum ether ; it melts at 175°, and above that tempera-
ture gives an oily sublimate. Langaard's conclusions are that all parts ofthe plant are poisonous. The poison produces excitation of the central
apparatus ot the medulla oblongata and clonic convulsions analocrous tothose produced by picrotoxin, toxiresin, and cicutoxin. Before the occur-
rence of convulsions, the reflex excitability of fi-ogs is diminished, therespiratory centre is stimulated, hence frequency of the respiration. SmallCloses cause slowing of the pulse through stimulation of the vagus and of

T.otiit?P f
tp^ip'itioiis of the vagus

;
in the heart the functional

llr^'ll^Tlf'''^- 1 t^'^
paralysing the respiratory

chloral tenf^
^eart paralysis. The proper treatment seems to be by

n^r?.?
y^rate, for when animals are poisoned by small lethal doses it

^F£w-*^vr- ^^'^'^ t^'^ dose is large it lias no effect _
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IV.—CICUTOXIN.

§ 533. The Gicuta virosa, a not very common umhelhferous

plant growing in moist places, is extremely poisonous it is

from 3 to 4 feet in height, with white flowers ;
the umbels are

large, the leaves are tripartite, the leaflets linear lanceolate

acute, serrate decurrent ; the calyx has five leaf-like teeth the

petals are obcordate with an inflexed point; the carpels have

five equal broad flattened ridges with solitary stipes i^ohm

succeeded, in 1876, in separating an active principle from this

plant The root was dried, powdered, and exhausted with

ether: on evaporation of the ether the extract was taken up

with klcohol, and after several days standing the filtrate was

treated with petroleum ether ; after removing the petroleum, the

solution was evaporated to dryness in a vacuum ;
it was iouncl

to be a resinous mass, to which was given the name cicutoxm.

It was fully soluble in alcohol, ether, or chloroform, and was

very poisonous, but what its exact chemical nature may be is

^^^fQdi'^M'eds on ^?iimaZs.—Subcutaneously injected into frogs,

cicutoxin acts something like picrotoxin, and something like the

barium compounds. Ten to fifteen minutes after the "^ection

the animal assumes a peculiar posture, holding the legs so that

the thigh is stretched out far from the trunk, and the leg at

right angles with the thigh ;
voluntary motion is only induced by

the strongest stimuli, and when the frog springs he falls down

plump with stiffly stretched-out limbs The frequency of breath-

in<. is increased, the muscles of the abdomen are thrown mto con-

Section, and the lungs being full of air, on --l^^-^
/"^^^^^^^^^

there is a peculiar loud cry, depending upon the air ^^^S Voiced

under the"^ conditions detailed through the
^^^^^J^^^'^

Tetanic convulsions follow, gradually
V'^'^^'l,''^ .f^l^^^^

appears, and, lastly, full pamlysis and d*^'^^^,
^^^.^^^J^^"^

are seen after doses of from 1 to 2 mgrms. The 1^^!^^^.
,f nml

:its is about 1 centigrm. per kilo, ^iarrhc^a^^ saln^^^^^^^^^

frequent breathing are first seen, and are f^ll^^^^^^^^i^fX there
clonic convulsions, then there is an interval,

^^^^/"f
is heightened excitability of reflex action, so

JJ^J^w the
excite%onvulsions. Small doses by

^^^.^f" /^Xr al

pulse
;

larger doses quicken the pulse, and raise the arter a

pressure. Cicutoxin is supposed to act specially
^^^^^ ^^con-

oblongata, while the spinal cord and the brain aie onl) secon

darily affected.
* ArcJi.f. Exp. Path., Bd. v., IS/G.
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§ 535. Effects on Man.—F. A. Falck was able to collect thirty-

one cases of poisoning by cicuta ; of these 14 or 45-2 per cent,

•died. The symptoms are not dissimilar to those described in

animals. There are pain and burning in the stomach, nausea,

vomiting, headache, and then tetanic convulsions. These, in some
cases, are very severe, and resemble those induced by strychnine

;

but in a few cases there is early coma without convulsions. There
is also difficulty or absolute impossibility of swallowing. In fatal

cases the respiration becomes stertorous, the pulse small, the

pupils dilated, and the face cyanotic, and death occurs within some
four hours, and in a few cases later. The fatal dose is unknown.

§ 536. Separation of Gicutoxin from the Body.—An attempt
might be made to extract cicutoxin from the tissues on the same
principles as those by which it has been separated from the
plant, and identified by physiological experiments. In all

recorded cases, identification has been neither by chemical nor
physiological aids, but by the recognition of portions of the plant.

v.—^THUSA CYNAPIUM (FOOL'S PARSLEY).

§ 537. This plant has long been considered poisonous, arid a
number of cases are on record in which it is alleged that death
or illness resulted from its use. Dr. John Harley,* however,
in an elaborate paper, has satisfactorily proved the innocence
of this plant, and has analysed the cases on record. He has
experimented on himself, on animals, and on men, with the
expressed juice and with the tincture. The results were entirely
negative: some of the published cases he refers to conium, and
others to aconite.

YL—CENANTHE OROCATA.

§ 538. The Watei- IIemloclc.-\—This, a poisonous umbelliferous
plant, indigenous to England, and growing in moist places such

* St. Thomas'' Hasp. Reports, N.S., 1875.
t The earliest treatise on poisoning by the water-hemlock is by Wepfer,

€imke Aquat. Ilistoriu et Noxce, 1679 ; for cases see Trojanowsky Dorn
Med. ZUj., 1875 ; Meyer, Med. Zeitg. /. Preussen, 1842 ; Schlesier in
Casper s Wochenschrift, 1843; Maly, OMer. Med. Wochenschr., 1844-
Badgeley, Montreal Med. Qaz., 1844; Lender, Viertelj. f. Ger. Med'
1865; Gampf, Coin. Pharm. Zeitg., 1875 ; and the treatises of Tavlorand others. •'
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as ditches, &c., is in flower in the month of August. It resembles

somewhat celery, and the root is something like the parsnip, tor

which it has been eaten. All parts of the plant are said to be

poisonous, but the leaves and stalks only slightly so, while the

TOot is very deadly. We unfortunately know nothing whatever

about the active principles of the plant, its chemistry has yet to

be worked out. M. Toulmouche {Gaz. Med., 1846) has recorded,

as the expert employed in the case, an attempt to murder by

using the oenanthe as a poison ; a woman scraped the root into

her husband's soup with evil intent, but the taste was unpleasant,

and led to the detection of the crime. The root has been mistaken

several times for parsnip and other edible roots, and has thus led

to poisonings. The case of 36 soldiers poisoned m this way m
1758, has been recorded by Orfila; there was one death. In IbO^

3 soldiers were poisoned at Brest-1 died. In Woolwich, Bossey

witnessed the poisoning of 21 convipts who eat the roots and

leaves of the plant-6 died. In 1858 there were several sailors

po'Ioned in a similar way-2 died ;
while there ^ave been

numerous cases in which the plant has been partaken of by

''^sS " The effects of the poison may be gathered from a case

of poisoning* which recently occurred Plyniouth; a Gr^ek

sailor, aged'thirty, found on the coast what l^e considered

celery
" and eat part of the root and some of the stem, i^^ o

hourl after this he eat a good meal and felt perfectly well, but

fifteen minutes later he suddenly and vio ently vomited the

whole contents of the stomach were completely evacuated In h^ e

minutes he was completely unconscious, and had
^J^^^'

ings about the limbs and face. There was a copious ^^f^
thick tenacious mucus from the mouth which hung about he

lips and clothing in viscid strings. Twenty-four hours gtei he

poisoning he was admitted into the South De^ on Hosp tai

^^parently semi-comatose; his legs dragged, ^

feeble control of them ; the extremities were cold, but th^ej as

general free sweating. He could be roused ^^^^^
There were no spasms, the pupils were dila ed ^j^^ /l^^^i^J^
resniration only U per minute. Twelve hours aftei admission

iXame wTrLr,aLl perspii-ed freely ;
slept oo,_^

but could easily be roused. On the following day he ^^^^ qim

conscious, and made a good recoveiy. Two

also eateA a smaller quantity of the
j^^^^^^f

/^^P
'.feft^^

with some numbing sensations, and
^^P^^'^^^^ to have

, extremities. In the Woolwich cases the symptoms seem to Ha^

• Lancet, Dec. 18, 1SS2.
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been something similar ; in about twenty minutes, one man,
without any apparent warning, fell down in strong convulsions,
which soon ceased, although he looked wild ; a little while after-
wards his face became bloated and livid, his breathing stertorous
and convulsive, and he died in five minutes after the first
symptoms had set in. A second died with similar symptoms in
a quarter of an hour, a third died in about an hour, a fourth in a
little more than an hour ; two other cases also proved fatal, onem nine days, the other in eleven. In the two last cases there
were signs of intestinal irritation. The majority of the others
fell down in a state of insensibility with convulsions, the after-
symptoms being more or less irritation of the intestinal canal.

§ 540. Fost-mortem Appearances.—It was noticed in the Wool-
wich cases that those who died quickly had congestion of the
cerebral vessels, and, in one instance, there was even extravasa-
tion of blood, but the man who died first of all had no congestion
ot the cerebral vessels. The lining membrane of the wind-pipe
and air tubes was intensely injected with blood, and the lungs
were gorged with fluid blood ; the blood in the heart was black
and fluid The stomach and intestines were externally of a pink
colour. The mucous membrane of the stomach was much cor-
rugated, and the follicles particularly enlarged. In the two pro-
tracted cases the stomach was not reddened internally, but the
vessels ol the brain were congested.

VII.—OIL OF SAVIN.

§ 541. The leaves of the Sabma communis, or common savin,

tolo/r^'f'''u'\™? gardens, contains avolatile oil, which has_ highly irritant properties. Savin leaves

7ZT.r'T ^'''f
niedicine, maximum dose 1 grm. (15-4

S^T^fV' ^

""^'^ ^ tincture-maximum dose, 3 cc. (about 45

with W r T^"^^* ^^^"^g ^^gl^t Pa^'t« of «a^in tops

dil.t f
of yellow wax and sixteen parts of lard, melting anddigesting for twenty minutes, and then straining through calico,

cent +1? f
™ contained to the extent of about 2 per

pecu lar odour, its specific gravity is -89 to -94, and it boils at 155°

with the
of savin leaves (the loaves being drunk

It is stn?nr ? % '''''^ ''^^y dangerous abortive,

save JLt ^."^^^^ ^^^^^ l^as no abortive effectsave that which is to be attributed to its general effect upon the



442 POisoKs: their effects and detectiox. [§542-544.

pain, vomiting, and diarrh<ua, and the person dies m a kind

'"'inTcase in wliicli I ^as engaged some years ago, a ^vonlan

SSta=inS,- d ,
^t£:

distillation a few drops ''^^''""K^^,'^^^^^^^

lTt^tmr:i?ets^ortr;f}^^^

:!:i^Si^r^;roTth:r:r|^.?5^^^^^^^

S^nid and the sensation of eonsiderahte to^^^^^

it\ laid down in some 7*^'™ oZ'etlfor s veral hours.

that commonly the symptoms do
^""'"^""^^.es are-some

Symptoms which have been no K^d - --^X^ ,t,,„,„y,
considerable irritation of the uiinaiy 01 au ,

Woody urine, Ac; in a few cases ™"'*'"S o^W""*' '

^jty,,
anesthesia, convulsions, and "•7. ^^'f' days.
twelve hours, or may be postponed f"' «

less inflammation

^LlStlofkeUidneysaret,^^^
S 543. Separation of the 1 oison

^ic\nx<- of the savin

reliance has been V^-^f-^'^f^^^^f^l^^^
tops, or on the odour of the oil. Theie is

VIII.—CROTON OIL.

§ 544. Croton oil is an oil
'^''V^^'^^'tuZ^olZv^^^^^

Tillium, a plant belonging to the natuial order i
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growing in the West Indies. The seeds are oval in shape, not
unlike castor-oil seeds, and about three-eighths of an inch in
length. Both the seeds and the oil are very poisonous. The
chemical composition of croton oil can scarcely be considered
adequately settled. The most recent view, however, seems to
be that it contains a fixed oil (OgH^^O,) with certain glycerides.*
On saponifying and decomposing the soap a series of volatile
fatty acids can be distilled over, the principal of which are
methyl crotonic acid, with small quantities of formic, acetic,
iso-butyric, valeric, and perhaps propionic, and other acids.
The peculiar properties of croton are due rather to the fixed oil
than to the volatile principles. The only officinal preparation
in the British pharmacopoeia is a " croton oil liniment," containing
one part of croton oil to seven of equal parts of oil of cajuput
and rectified spirit.

§ 545. Dose.—The oil is given medicinally as a powerful
purgative in doses up to 65 mgrms. (about a grain). It is used
externally as an irritant or vesicant to the skin. A very
dangerous dose would be from fifteen to twenty times the
medicinal dose.

^^ec^s.—Numerous cases of poisoning from large doses of
croton oil are recorded in medical literature, but the sufterers
have mostly recovered. The symptoms are pain, and excessive
purging and vomiting.

In the case of a chemist,! who took half an ounce of impure
croton oil instead of cod-liver oil, the purging was very violent,
and he had more than a hundred stools in a few hours ; there
was a burning pain in the gullet and stomach, the skin was
cyanosed, the pupils dilated, and great faintness and weaknes.s
were lelt, yet the man recovered. A child, aged four, recovered
from a teaspoonful of the oil given by mistake directly after a
lul meal of bread and milk. In five minutes there were vomitin<.-
and violent purging, but the child was well in two days. A
death occurred in Paris, in 1839, in four hours after taking two
and a half drachms of the oil. The symptoms of the sufferer, a
man, were those just detailed, namely, burning pain in the
stomach, vomiting, and purging. Singularly enough, no marked
cnange was noticed in the mucous membrane of the stomach^Hen examined after death. An aged woman died in three daystvom a teaspoonful of croton-oil embrocation; in this case therewere convulsions.

t Eivue de TliArapeut., May 1881.



444 poisons: their effects and detection. [§ 546, 547.

In the case of Heg. v. Massey and Ferraud * the prisoners were

charged with causing the death of a man, by poisoning his food

with Sap and six dfops of croton oil. The victim, with others

wh^hid^partakJn of^he food, suffered from -miting and

purging; he became better, but was subsequently affected with

inflammation and ulceration of the bowels, of which he died In

htret was not clear whether the inA-mation had an^thmg

+.^ rin with the ialap and croton oil or not, and the prisoners

were arqStted l7a criminal case in the United States, a man
were

f^^^^^l^'^ ^j^en intoxicated two drachms of

^SoiU. f^iXfii;. He von^ited, l^.*w^rged
nnd in about twelve hours was found dead. The mucous mem

bran^of the stomach and small intestines proved to be much

Samed, and in some parts eroded, and croton oil was separated

'TsS' J^;,«..-Inflammation of the stomach

ani intsfines are the fns usually found
^^-^^^J^tr.

S 547 Chemical Analysis.—The oil may be ^eparatea u

applied to the small quantities likely to be separated m

cological examination.

Orfila, t. i., p. 108.



PART VI.-POISONS DERIVED FROM LIVING
DEAD ANIMAL SUBSTANCES.,

OR

DIVISION I.—POISONS SECRETED BY LIVING
ANIMALS.

I.—POISONOUS AMPHIBIA.

§ 548. The glands of the skin of certain amphibia possess a
secretion that is poisonous ; the animal is unable to empty the
poison glands by any voluntary act, but the secretion can readily
be obtained by pressure. Zalesky found the juice in the skin
glands of the Salamandra maculosa, milky, alkaline in reaction,
and bitter in taste. He isolated from it an organic base, which
he named Samanclrine (Og^HgoNgOg), it is soluble in water and
in_ alcohol, and forms salts. Samandrine is a strong poison

;

injected subcutaneously into rabbits it causes shivering, epilepti-
form convulsions, and salivation ; then tetanus, followed by
oppressed respiration, dilated pupils, and anassthesia. Death
occurred after a kind of paralytic state. When given to dogs,
it caused vomiting. In frogs, tetanus occurred first and then
paralysis—the result of all the experiments being that saman-
drine acted on the brain and spinal cord, leaving the heart and
muscular substance unaffected. A similar secretion obtained
from the water salamander, {Triton cristatus) caused, according to
Vulpian, the_ death of dogs in from three to eighteen hours ; the
symptoms being progressive weakness, slowing of the respiration,
and depression of the heart's action.

§ 549. The secretion of the skin of the common toad contains
according to Fornara, an alkaloid which is soluble in alcohol,
and to which the name of phrynine has been applied ; its action
is toxic on all animals experimented upon, save toads. Adminis-
tered to frogs, It causes rapid paralysis of the heart, and the
breathing soon after ceases ; the muscles become early ri-^id
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II.—THE POISON OF THE SCORPION.

S 550. There are several species of scorpions. The small

European variety {Scorpio, europeus) is found m Italy, the south

of France, and the Tyrol ; the African scorpion {Bothus afer, L.)

?vhich attains the length of 16 cm., is, found m Africa and

The East Indies; Androctonus hicolor in Egypt; and the A^^roc

tonus occitanus in Spain, Italy, Greece, and North Africa

In the last joint of the tail the scorpion is provided mth a

poisonous apparatus, consisting of two ova glands, the canal of

wS leads into a rUd bladder, and this last is connected with

rStinV When the sting is inserted, the b adder contracts, and

expek the poison through the hollow sting into the wound. The

S er kinds of scorpion sting with as little general effect as a

hornet but the large scorpion of Africa is capable of producing

ea?h There is first irritation about the wound, and an

erysLlatous inflammation, which may lead to gan™
vSng and diarrhoea then set in, with ge-ff

-^^kne^

a feTer which may last from one to one and a half days
,
m the

niore serTous cases there are fainting, delirium, coma, convulsions,

'"valTnL made some experiments on frogs with the Androctom^s

occitanus B.e found that'^soon after the sting the animal remains

nu et bSt on irritation it moves, and is thrown into a tm^^^J^jy

SoTvulsfon ; to this follow twitchings of single muscular bun^^^^

tTpW is progressively paralysed, and the reflex irritabihty is

^radSb, ex'Sn^^he Lm belind forwards ;
at first muscles

Slav Jxcited by electrical stimuli to the nerves, butlatei they

are only capable of contraction by direct stimuli.

III._POISONOUS FISH.

^ 551. Many species of fish possess Portions o^^^^^^^^^
body a

property whic^i ^oduces -hen
^^^^^^

This is true, for example, of the peiches^^
including two

spares, gobies, sardines, and globe-fishes, the i^^t inc »
^^^^

forms, czloc^on and telrodon. The parts most daj^§erous a
^^^^^^^

spawn and liver. Not a few fishes can be eate-
l^^}y

young, but afterwards they become
^^I'oJonous pro-

Lethrinus viambo. Sometimes it would seem that a poi
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perty is imparted to an otherwise wholesome fish from its food
;

thus it has been noticed that the Meletta venenosa is only poison-
ous when it feeds on a certain green monad. The usual
symptoms of poisoning by fish are nausea, vomiting, diarrhoea,
great depression of the pulse, and painful cramps in the limbs.
As examples of the intensely poisonous nature of certain fish
may be cited cases of poisoning by the diodon, and some experi-
ments on the goby.

In the Linnean Transactions for November, 1860, is recorded a,

fatal accident, which took place on board the Dutch ship
" Postillion" at Simon's Bay, Cape of Good Hope. The boat-
swain and purser's steward partook of the liver of the toad or
hall-bladder (diodon) ; within twenty minutes the steward died ;.

in ten minutes the boatswain was violently ill ; the face flushed'
the eyes glistening, and the pupils contracted; there was cyanosis
of the face, the pulse was weak and intermittent, and swallowino-
was diflicult, the breathing became embarrassed, and the body
generally paralysed. Death took place in seventeen minutes.
The liver of one fish only is said to have been eaten. This
might weigh four drachms. If the account given is literally
correct, the intensity of the poison equals that of any known
substance.

The poisonous nature of the goby has also led to several
accidents, and we possess a few experiments made by Dr. Collas *
who fed chickens with difi'erent parts of the fish, and proved that
all parts were alike poisonous. The effects were slow in develop-
ing; they commenced in about an hour or an hour and a half and
were well developed in five hours, mainly consisting of progress
ive muscular weakness and prostration. Death occurred with-
out convulsions.

IV.-POISONOUS SPIDERS AND OTHER INSEOTS.

§ 552. It is probable that all spiders are poisonous : the only
species, however, of which we have any definite information
relative to their poisonous properties, are Lycosa tarantula and
x.^Q Latrodectus malmujnatus, to which may be added the New^ealand kattpo. These spiders possess a poisonous gland connectedwith their masticatory apparatus, which secretes a clear, oilybitter acid-reactmg fluid ; the acidity seems due to formic acid.

1862fp!'5f6!"
^"^^ ""'^ '^'d' ^e'--, Oct.
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'

Zan-rilli lias observed several cases of tarantula bite; soon

after the occurrence tbe part bitten is an=Bstlietic, after a few

hours there are convulsive shiverings of the legs, cramps of the

^^^^^^^^^^
^hot IsfsrwTs bitten by this

part rapidly became swollen,
f^^

lookecUxke^^^^^^^^
respiration

Ueal ; in an hour the Pf^ , Ld 1^^^^ great muscular

and circulation were both affected, theje

prostration ;
but he

^^^^I^^^^^ ^/jT^^^Se bite of the spider

if the accounts given are to
^^J^^^f^?^^^^^^^ casting of the

fSlX^The various species of ants pos^^^^^^^^^^

splcial glands /^^ ^t^ the"^co—^t o? this

of ants are provided with
^'^^'^vlL^^^

^""^

S symptoms of sweinng a^^^^
^,,,,,3 a

§ 555. Wasps,
«--^!^f

!'
reted is as clear as water,

poison-bag and Btmg-JThe
J?^;^^^^^^^^ formic acid, with

and of an acid reaction,
.^^^^j^^^J'''^^"^^^

inflamma-

some other poisonous ^^^^^^^^/^^^^ tn^^^^^ cases in which

§556.
O«,7„ri<i«.-Oomm3rc,alcanttoud

,^

* (I

byB.
t Tramac. oj 7 071' n 230

Med. Ghir. Review, July, 1871, p-
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entire, or the dried and powdered blister-beetle, or Spanish fly
{tant/ians vesicatoria). The most common appearance is that of a
greyish-brown powder, containing shining green particles, from
which canthandm is readily extracted by exhausting with chloro-
lorm, driving off- the chloroform by distillation or evaporation, and
subsequently treating the extract with bisulphide of carbon,
which dissolves the fatty matters only. Finally, the cantharidiiimay be recrystallised from chloroform, the yield being -380 to -570
per cent. Ferrer found in the wings and their cases, -082 per
cent.; m the head and antennae, -088 ; in the legs, -091 : in the

Wnlff r /^'^T.'^'
i^^«<^«? -278 per cent.

SJr^^A ^y''" -Sl^ Ferrer inMylabns cichorei, -1 percent.; in M. punctum, -193; and inM. pmtulata, -^Z V^v c^nt. oi cantharidin.
.nam

RithfLcS't'"'^''^
(O5H12O,) has two crystalline forms-(l.)

befn. h^f . T'^'^l^ «"^f^<^e«. each surfLi

SrihvdiT f ^^r^
(2-) ^^bles. It behaves likethe anhydride of an acid. It is soluble in alkaline liquids, and

Zr rllTT""^ ^'T
by acidifying and shaking up withe^ier, chloroform, or henzene; it is almost completely insoluble in

part'lOO of tf''}'' ^^-*-) at
?8o oa25

Ct ^ther l i'^ T^"^' temperature, 0-06part ether, -11 part; chloroform, 1-2 part; and benzene -2 ijart

theVe™ if T'"" <='"'J™iia with the production of

EiZncf on l„ri ' i'"''""
are all without

^^^^^^^^

preparationtT''''^^^^^^^ of Cantharides.-The P. B.

of cSanvL ^^:^*^^."des are_^c.<««z ca«</.an.?.., or vinegar

SLT. Z r^-T of eantharidin.
*

cantharklin.
^««^/'.«nc?.., containing about -005 per cent, of

aceticacid cSJ^\f,f^ principle in ether and
There also

"^^ ^antharidin.are also-An o^ntment; a blistering paper, a«rto epis-
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j,atim: a blistering plaster, Emfla.trnm canlharides; and a warm

^'TsS^IS^^X-trdifficnlt to state the fetal dose of

oitSdfn," e unassayed powder or
'^'-^^Z^^p^l^^^i

L^-n ta-kpn A voung woman died from 1-62 grm. grams; oi

r f"a?SnWa^S '^a/ .TappriimLl^stated^

from 6 m.ms. npwards. But, on the other hand, reeovery has

'^SeriSr'lSI-Oertain anir.als do not appear

snfee^tVCIhe -tion of eantharidim ^or exam, e, h«.geho^

tder^Cnrth^S^^th^a^idS^^^^
the blood of fowls ^^^^out^fy

."^^""'^^TLd o^^^^
enjoy the ^^'^^^fZ: after the^ 5 into the^:J:^Sett
tion of the sexual desire; the PJ^^^^J.^^Ximals ^hen
dog sought a dark place,

^^.'J^^^^;^^^^^^^^^^^^ the respiratory

poisoned die in asphyxia from P'^^^^y^l"J' Effect of

Lntre. Schachowaf made
^^^^Tf feS daily with 1

cantharides on the --1 excret^o of a do. te<l

-^^nlh:KW SSlenet hfeod corpuscles were

observed. •
i + +1ip following experiments

-/f"VhStT IWnl btte te'^^^^^^^ WW, and

upon himself:—ihirty . alcohol for fourteen

digested, without drying, m 35 S^^J/* °''^j;i,ere ensued

days, of this tincture ten drops ^'^^^J''^'^^^ stomach,

Tmm^diately a feeling of
i^ health, there

salivation, the pulse was
?3^?^,to?y, anc some' sexual

was a pleasant feeling of warmth about tlLo boa^^^
^^^^^.^

excitement lasting three l^o"^*?
• Jif ^,Td frequent painf«

abdominal pain, diarrhoea, and
^^^^^^r^/' •'^^'^^

'fc^^^ hours, but

micturition' These -J-]?^^^J^^tl^ tSe kidneys lasting

there was a want of appetite, and pain about

I Schroff, Zeitschrifl d. Ges. d. Aerzte m H ten, lo,
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until the following day. In a second experiment, on taking 1
cgrm. of cantharidin, there were very serious symptoms of poison-
ing. Blisters formed on the tongue, and there was salivation,
with great difficulty in swallowing, and a general feeling of
illness. Seven hours after taking the poison, there were frequent
micturitions of bloody urine, diarrhoea, and vomiting. Twenty
hours after the ingestion the face was red, the skin hot, the pulse
twenty beats beyond the normal pulsation, the tongue denuded
to two-thirds of its extent of its epithelium, and the lips and
mucous membrane red and swollen ; there was great pain in the
stomach, intestines, and in the neighbourhood of the kidneys,
continuous desire to micturate, burning of the urethra, and
swelluig of the glands. There was no sexual excitement what-
ever; and the urine was ammoniacal, and contained blood and
pus, the symptoms gradually subsided, but recovery was not"
complete for fourteen days.

_ § 561. The foregoing is a fair picture of what may be expected
in cantharides poisoning. It is remarkable that the popular idea
as to the influence of cantharidin in exciting the sexual passion,
holds good only as to the entire cantharides, and not with can-
tharidin. It IS very possible that cantharidin is not the only
poisonous principle in the insect. The symptoms in other cases,
tatal or not, have been as follows .-—Immediate burning in themouth and throat, extending to the stomach and alimentary
canal, and increasing in intensity until there is considerablepam Then follow salivation, difficulty in swallowing, andvomiting and generally diarrhoea, pain in the kidneys, irritation
ot tlie bladder, priapism, and strangury are all present. The
pulse IS accelerated, the breathing disturbed, there are pains in thehead, and often mydriasis, giddiness, insensibility, delirium, and
convulsions

; trismus has been noticed. The desire to micturate

rr'''? 'T^'*''^'
^^"^ """^^ generally bloody, and contains

pus. J-regnant women have been known to abort. In a few ofthe cases m which a diff-erent course has been run, the nervoussymptoms have predominated over those of gastro-intestinal
iiritation and the patient has sunk in a kind of collapse. In acase ot chronic poisoning by cantharides, extending over three

ZTpo. 'iT^
recorded by Tarchioni Bonfanti,* after the first doseappeared tetanic convulsions, which subsided in twenty-four hours

IJZ^!'f' T^'^'''
^^'^ ^"^^^ the tetanic con'

i wT/ gastro-enteritis followed with frequent vomit-

Srl^r' '^^*^^"des being found in the matters ejected, theotherwise obscure nature of the ilbiess was shown
In a case recorded by Sedgwick,t following the gastro-enteric

Gaz. Med. Hal. Lomb., 1863. f Med. Times, 1864
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breath and ^'f<>-J^lJ^^,,„^l\onA. used »hat they
Tardieu, six students darmg ^^^^ substance proved to

thought ,™s pepper
.^'J'f Ve „u^^^^^^^^ taken each day

be really powdered cantharides. The /
^^^^^

In^ro'Sfk'^wt^^There .^as no sexual excite-

1162. Po...o«™
^^^^^^ rr^WnrrttrTde^s

irSis'Trra^OlSS^^^^^^
inflamed, and the mucous membrane

actual

with purulent matter. In
^'-^^^^^''^^J^^^^^

perforation three inches from * ^«
Py^°™';^,re \ein<^ confined

appearances, however, are not ^^T^^^^^Xn all cases

to swelling and inflammation without

there
Xenl^^^^^^^^^^ administeJd

found blood and fatty epithelial casts as

^^^J^^^ ^^^^i^ ,ome

*^T^h. T...for Cc^t^f. "ni ^«^o» ~
5"^J^---

<fectThetestsforc.nfta^^^^^^^^^^

in the subliming cell, and {6 )
its po^^ei

vesicating proper-

The most convenient method of testing its ^ e^^^^^^^

ties, is to allow a chloroformic
-^-^-^^^^^^^^^^^^ ^drop

to be cantharidin to evaporate to
f^^''^^;^^^^^ the smallest

of olive oil (or almond oil), and to take a f'^oP °
^ ^o the

possible quantity of -ttcni woo an^^^^^^

zz:X " 0?^-^-
there is inconvenient.

rantharidin is not present

Dragendorff^ has ascertain d i^^^^
t;Tcantharides plaster,

in the contents of a blistei 1^1^^ /'^ . .^on treated by

although it l^as been found in the u i^^^^ the

one; and Pettenkofler has ^^^^
J^^^^/^^^

blood of a boy to whose spme a blister had been api
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The great insolubility of cantharidin in water has led to
various hypotheses as to its absorption into the system. Dra-
gendorff considers it as the anhydride of an acid, which is

tolerably easily dissolved by potash, soda, and ammonia solutions,
and is also taken up in small proportion by sulphuric, phosphoric,
and lactic acids. The resulting compounds quickly diffuse them-
selves through animal membranes. Even the salts with lime,
magnesia, alumina, and the heavy metals, are not quite insoluble.
A solution^ of salt with cantharidin, put in a dialysing apparatus,
separates in twenty-four hours enough, cantharidin to raise a
blister.

Cantharidin has actually been discovered in the heart, brain,
muscles, contents of the stomach, intestines, and fajces (as well
as in the blood and urine) of animals poisoned by the substance.A urine containing cantharidin is alkaline and albuminous.
Cantharidin, although readily decomposed by chemical agents,
is so permanent in the body that it has been detected in the
corpse of a cat eighty-four days after death.
In any forensic case, the defence will not improbably be set

up that some animal {e.g., a fowl poisoned by cantharides) has
been eaten and caused the toxic symptoms, for cantharides is an
interesting example of a substance which, as before stated, for
certain animals (such as rabbits, dogs, cats, and ducks), is a
strong poison, whilst in others {e.g., hedgehogs, fowls, turkeys,
and frogs), although absorbed and excreted, it appears inert,
^.xperiment has shown that a cat may be readily poisoned by a
fowl saturated with cantharides ; and in Algeria the military
surgeons meet with cystitis among the soldiers, caused by eatinj
frogs m the months of May and June, the frogs living in these
months almost exclusively on a species of cantharides.

Dragendorff recommends the following process :—The finely-
pulped substance is boiled in a porcelain dish with potash-lye
(1 part of potash and 12 to 18 of water) until the fluid is of auniform consistence. The fluid, after cooling, is (if necessary)
diluted with an equal bulk of water, for it must not be too thick -

then shaken with chloroform in order to remove impurities : and
alter separation of the chloroform, strongly acidified with sul-
pliuric acid and mixed with about four times its volume ofa cohol of 90 to 95 per cent. The mixture is kept for some timeat a boiling temperature, filtered Iiot, and the alcohol distilledfrom the filtrate. The watery fluid is now again treated wi?hchloroform as above described. The chloroform extract i^Avashec with water, the residue taken up on some hot almondoil and Its bhstermg properties investigated. The mass We.vith potash m the above way, can also'be submitted to d % is
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the diffusate supersaturated with sulphuric acid, and shaken up

"in SKoTe-st further for cantharidin, it can be dissolved in

ment with KHO. Uiis oi anemu
solutions, but their

by KHO, and again «epar^*'^^^^,«^%°***'^re volatile, a^^ found
blistering property ^^^fZLc2Z In t^^
in anemone and some of the

^^l'^'''''^''''. obtained by shaking
there is an oil of anemme, ^^ich may be

<f*f5^J^/^ J.
with ether; but this oil is not

V^^'^^^^^'^l^l''^^^^^ addend
satilla stand for a little time it ^plxts up mto ^^^^"^ . ^ub-

and ether, and differs in other respects.

V._SNAKE POISON.

§ 564. The poisonous snakes ^fo^^^^^^^^J^:^^^^
Prltero,lypha and the

£ Jc^^'E notwithstanding

the investigation of snake-\cnom is suoi
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the interest of the subject, but little definite is known of the

chemistry of the poison of any snake save that of the cobra.

§ 565. The Poison of the Cobra.—The poison excreted from
the salivary glands of the cobra di capello is the most deadly

animal fluid known. When first ejected, it is an amber-coloured,

rather syrupy, frothy liquid, of specific gravity 1-046, and of

feeble acid reaction; it diies rapidly on exposure to air to a
yellow film, which readily breaks up into brilliant yellow
granules, closely imitating crystals. The yellow powder is very
acrid and pungent to the nostrils, and excites a painful (though
transitory) inflammation, if applied to the mucous membrane of
the eye ; the taste is bitter, and it raises little blisters on the
tongue. It is perfectly stable, and preserves its activity for an
indefinite time. The dried poison as described is perfectly
soluble in water, and if the water is added in proper proportions,
the original fluid is without doubt reproduced, the solution
usually depositing a sediment of epithelial debris, and ofben
containing little white shreds.

The poison has been examined by several chemists, but until
of late years with a negative result. The writer was the first

to isolate, in 1876, a crystalline principle, which appears to be
the sole active ingredient; the yellow granules were dissolved
in water, the albumen which the venom so copiously contains
coagulated by alcohol, and separated by filtration ; the alcohol
was then driven ofi" at a gentle heat, the liquid concentrated to
a small bulk, and precipitated with basic acetate of lead. The
precipitate was separated, washed, and decomposed in the usual
way by SH2, and on removing the lead sulphide, crystals having
toxic properties were obtained.

Pedler,* precipitating the albumen by alcohol, and then to the
alcoholic solution adding platinic chloride, obtained a semi-crystal-
line precipitate, which from an imperfect combustion he thinks
may have something like the composition '?tG\{0^^'K^^^fi^ILGl)^.
I have examined the platinum compound, and made several
combustions of difierent fractions, but was unable to obtain the
compound in a sufficient state of purity to deduce a formula.
My analysis agreed with those of Pedler for nitrogen—viz., 9-93
per cent. (Pedler, 9-69); hydrogen 4-17 (Pedler, 4-28); but were
higher for carbon, 41-8 per cent. (Pedler, 33-42 per cent.); one
fraction 7-3 per cent, of platinum, another double that amount.
Material was insufficient to thoroughly investigate the compound,
but it was evident that several double salts were formed.

'

§ 566. Fatal Dose.—From my experiments on cats, rabbits,

* Proc. Roy. Soc, vol. xxvii., p. 17.
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and birds, it seems probable that the least fatal dose for cats

and rabbits lies between -7 and -9 mgrm. per kilo., and for birds

somewhere about -7 mgrm. per kilo, of the dried poison; the

venom contains about 60 per cent, of albuminous matter,

and about 10 per cent, of poisonous substance; therefore, the

lethal power is represented by something like -07 to -09 mgrm.

per kilo., if the pure toxic principle free from albumin and

diluting impurities be considered.

§ 567. Effects on Animals.—Almost immediately local pain or

sic^ns of uneasiness at the seat of injection are observed. There

is* then a variable interval, seldom exceeding 20 minutes (and

generally much less), but in one of my experiments half an

hour elapsed after the injection of a fatal dose before any

effect was evident. The symptoms once produced, the course

is rapid, and consists, first, of acceleration of the respirations,

and then a progressive slowing, soon followed by convulsions.

The convulsions are probably produced by the interference with

the respiration and the deficient oxidation of the blood, and are,

therefore, the so-called "carbonic acid convulsions." There is

paresis or paralysis of the limbs. Death seems to occur from

asphyxia, and the heart beats for one or more minutes after the

respirations have ceased. If the dose is so smaU as not to

produce death, no after-effects have been observed; recovery is

complete.

^^^^^^^ Lauder Brunton consider that the

terminations of the motor nerves suffer; on the other hand,

Dr Wall would explain the phenomena by referring the action

entirely to the central nervous system, and concludes that the

effects of the cobra poison consist in the extinction of function

extending from below upwards of the various nerve centres

constituting the cerebro-spinal system. In addition to tliis,

there is a special and rapid action on the respiratory and aUied

nuclei, and this it is that causes death.

S 568. Effects on Man.—Bj far the best account hitherto

published of the effects of the cobra poison is

Wall * in which he points out the very close similarity between

the symptoms produced and those of glosso-pharyngeal
V^-fj^^l'

This is well shown in the following typical case :--A coolie was

bitten on the shoulder about twelve at midnight by a cob a

he immediately felt burning pam at the spot ^^^t^n, whicU

increased. In fifteen minutes afterwards he ^egau, he s^d to

feel intoxicated, but he seemed rational, and answered questions

* "On the difference of the pl^yBjological effects Produced by

of Indian venomous snakes," by A. T. WaU, M.D., Proc. Roy. boc, i^o

vol. xxxii., p. 333.
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intelligently. The pupils were natural, and the pulse normal
;

the respirations were also not accelerated. He next began to
lose power over his legs, and staggered. In thirty minute.'?

after the bite his lower jaw began to fall, and frothy viscid
mucous saliva ran from his mouth ; he spoke indistinctly, like
a man under the influence of liquor, and the paralysis of the
legs increased. Forty minutes after the bite, he began to
moan and shake his head from side to side, and the pulse and
respirations were somewhat accelerated; but he was .still able
to answer questions, and seemed conscious. There was no
paralysis of the arms. The breathing became slower and slower^
and at length ceased one hour and ten minutes after the bite,,

the heart beating for about one minute after the respiration had
stopped.

There is often very little sign of external injury, merely a
scratch or puncture being apparent, but the areolar tissue lying
beneath is of a purple colour and infiltrated with a large quantity
of coagulable, purple, blood-like fluid. In addition, the whole
of the neighbouring vessels are intensely injected, the injection
gradually diminisliing as the site of the poisoned part is receded
from, so that a bright scarlet ring surrounds a purple area, and
this in its turn fades into the normal colour of the neighbouring
tissues. At the margin is also a purple blood-like fluid, replaced
by a pinkish serum, which may often be traced up in the tissues
surrounding the vessels that convey the poison to the system,
and may extend a considerable distance. These appearances are
to be accounted for in great part by the irritant properties of
the cobra venom. The local hyperfemia and the local pain are
the first symptoms. In man there follows an interval (which
may be so short as a few minutes, or so long as four hours) before
any tresh symptoms appear ; the average duration of the interval
IS, according to Dr. Wall, about an hour. When once the
symptoms are developed, then the course is rapid, and, as in the
case quoted, a feeling like that of intoxication is first produced,
and then loss of power over the legs. This is followed by a loss
ot power over the speech, over swallowing, and the movement of
the hps

;
the tongue becomes motionless, and hangs out of themouth

;
the saliva is secreted in large quantities, and runs down

the tace, the patient being equally unable to swallow it or to

''•''^'Vcn
glosso-pharyngeal paralysis is complete.

§ 5b J. Antidotes and TreatmenL—Trofessor Halford some yearsago proposed ammonia, and M. Lacerda in recent times has
'

cleclared potassic permanganate an antidote to the cobra poisonIhe ammonia theory has been long disproved, and before Lacerdahad made his experiments I had published the chemical aspect
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of some researches * when I stated that mixing the cobra venom

with an alkaline solution of potassic permanganate destroyed

its poisonous properties, and I had also made experiments m
every conceivable way with potassic permanganate mjectmg it

simultaneously in different parts of the same animals body and

had proved that it had no antidotal power whatever over the hvmg

subiect Dr. Shortt had also, long before my own experiments,

proved the same thing, and since the publication ofLacerda s extra-

oXary communication, other observers have given the matter a

MrtS and refuted completely the antidotal P™P-t-s of pot^^^^^^^^

T,ermanganate.t It only acts when it comes directly -^to contactS the venom, but when the venom is once absorbed into the

Xculation potassic permanganate, whether acid, alkahne or

neuSal, is pWerless.' That it is of great use when applied to a

hite s Unquestionable, for it --tralises or changes any of^

venom hanging about the wound, and which if allowed to

lemaki mi^dit ?et be absorbed ; but here it is obvious that the

venom 'is so to^eak, outside the body. The general treatment

most likely to be successful is the immediate sucking of the

wound followed by the application of an alkaline solution of
wound, loiiowea

, svmntoms should nevertheless
permanganate ; and lastly, it tue sympbum^^

Wathin^r
develop? an attempt should be made to maintain the breathin,

by galvanism and artificial respiration. +

Soc, vol. xxvn., p. 17.
noison may be briefly detaUed,

t Some of my experiments on the cobra poison may u j

illustrating the general statement ^ ^^^om was injected subcu-

1. A quantity equa to 1 X'svmpSm^be'an i^ two minutes with loss

taneously into a chicken, ^be symptoms De^^^^

of power over both legs. In eig^J
mmute^

head and ^i^gs, slowbig of the

There were convulsive movements of the heaU ana
^^^^^^^^^ .^^^ ^^s

respiration, and death in ten f^J^? ^trvSrseparate^^
treated with a little tannin, and the ^leai

^^^^^^^^Jfi^^tio/became aflfected

precipitate injected Smls t^^^^ bJd had become very quiet, and

^^L^lntven experiments wiU^

^Z^^'^^^f^i^'^:^ in one leg,

3. A chicken was injected with I mgun ot^^ 1 e.^auganate.

in the other simultaneously with a soluti°^ o l
^^^^^^ ^

Death followed in sixteen mmutes Anothct^^^^^^^
^^^.^^ fevr

same way, but with Lnjec ions Four other similar

minutes.^' Death
^t*" wo^S;b7y"ll X^^^^^^

experiments were made—two witu let-uiy
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§ 570. Detection of the Cobra Venom.—In an experiment on a

rabbit, the animal was killed by the subcutaneous injection of

8 mgrms. per kilo, of the cobra poison. Immediately after

death, 2 cc. of the blood were injected into a small rabbit

;

in fifteen minutes there was slow respiration with pains in the

permanganate made feebly acid with sulphuric acid—but death occurred
with the usual symptoms.

4. Cobra poisou was inixed with a weak solution of iodine, and a quantity
equal to half a mgrm. was injected into a chiclien. The symptoms began
directly, were fully developed iu ten minutes, and death took place in
twenty-one minutes.

5. Equal volumes of cobra venom and aldehyde were mixed, and a
quantity equivalent to 1 mgrm. of the cobra poison injected. The symptoms
were immediate paralysis and insensibility, and the respiration rapidly fell.

Death occiirred in four miuutes without convulsions.
6. The cobra yenom was mixed with a feebly alkaline solution of pyro-

gallic acid, and injected subcutaneously into a chicken. In six miuutes the
usual symptoms commenced, followed in thirteen minutes by death.

7. One mgrm. was injected iato a chicken. The respirations at the com-
mencement were 120 ; in twenty-two minutes they sank to 96, in twenty-five
minutes to 84, in twenty-seven minutes to 18, and then to occasional gasps,
with slight movement of the wings and toes. There was death in thirty-
two minutes after the injection.

8. A young rabbit was injected with "o mg. (equal to 1 mgrm. per kilo.) of
cobra poison. In two hours it was apparently moribund, with occasional
short gasps. Artificial respiration was now attempted. There was con-
siderable improvement, but it was intermitted during the night, and the
animal was found dead in the morning, having certainly lived six hours.

9. A strong healthy kitten was injected with 1 mgrm. of cobra venom
(equal to 5 mgrms. per kilo.) In twenty minutes the symptoms were well
developed, and in an hour the animal was gasping—about twelve short
respirations per minute. Artificial respiration was kept up for two hours,
and the anmial recovered, but there was great muscular weakness lastmg
lor more than twenty-four hours.

4 l^rown rabbit, weighing about 2 kilos. , was injected with 12 mgrms.
(b per kilo.) of the cobra poison. The symptoms developed within ten
mmutes

; ammoma was injected, and also given by the nostril. The heart's
action, which, previous to the administration of the ammonia, had been
beating feebly, became accelerated, but death followed withm the hour, the
heart beatmg two minutes after the respiration had ceased.

11. A brown rabbit, about 2 kilos, in weight, was injected with 1-5
mgrms. of cobra poison (75 per kilo. ) There were no symptoms for nearly
an hour, then sudden convulsions, and death.

12. Another rabbit of the same size was treated similarly, but immediately
alter the mjection made to breathe nitrous oxide ; de;ith took place in thirty
minutes. A rabbit, a little over 2 kilos, in weight, was injected with 7mgrms. of cobra venom per Idle, and then 10 mgrms. of monobromatedcampbor were administered. In fifteen minutes there was general paralysis
ot the limbs, from which in a few minutes the animal seemed to recover •

thirty minutes after the injection there were no very evident symptoms'but within forty minutes there was a sudden accession of convulsions anddeath. Experiments were also made with chloroform, morphine, and manyother substances, but none seemed to exercise any true antidotal effect
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limbs ; in thirty minutes this had, in a great measure, passed

off, and in a little time the animal was well. In any ca^e in

which it is necessary to attempt to separate the cobra venom,

the most likely method of succeeding would be to make a cold

alcoholic extract, evaporate in a vacuum, take up the residue

in a little water, and test its effect on small animals.
_

.

8 571. Duhoia Russellii.—The Duhoia russelht or Russell s viper

is one of the best known and most deadly of the Indian vipers

The effects of the poison of this viper are altogether different

from those of the cobra. The action commences by violent

aeneral convulsions, which are often at once fatal, or may be

followed by rapid paralysis and death; or these symptoms again,

may be recovered from, and death follow at a later period. The

convulsions do not depend on asphyxia, and with a small dose

may be absent. The paralysis is general, and may precede for

some time the extinction of the respiration, the pupils are widely

dilated, there are bloody discharges, and the urine is albuminous.

Should the victim survive the first effects, then blood poisonmg

may follow, and a dangerous illness result, often attended with

copious haemorrhages. A striking example of this course is

recorded in the Indian Med. Gaz., June 1, lb7-..

A Mahommedan, aged 40, was bitten on the finger by Russell s

viper; the bitten part was soon after excised and stimulants

civen. The hand and arm became much swollen and on the

same day he passed blood by the rectum, and also bloody urme

The next day he was sick, and still passing blood from all the

channels; in this state he remained eight days, losing blood

constantly, and died on the ninth day. Nothing .definite is

known of the chemical composition of the poison; it is probably

qualitatively identical with " viperin."
„,„„,nTi viner

8 572. The Foison of the Common Viper.-The common ^iper

still abounds in certain parts of Great Britain, ^s,

f
r ^-^^^^P[^;

on Dartmoor. The venom was analysed m a partial
^ff^^^

Valentin. In 1843 Prince Lucien Bonaparte separated a gummy

varnish, inodorous, glittering, and transparent, which be^^^^^^^^^^^

eclddn^ or viperw, ; it was a neutral nitrogenous ^^ody
^^^^^^^^

taste, it arrested the coagulation of the ^.^o^l'

^f^^^ The
animals, produced all the ettects of the bite of the A ipei

_ ^
effects of the viper poison are strikingly like tl^^se

f^h^^X^
venomous duboia, and as Dr. Giuseppe Badalom* has sho n

the ordinary viper, in cold weather is scarce y ^«^^J\i,e
is highly probable that future investigation ^^^jl

J^^'"^';'^^ tl,e

complete ciualitative identity of the poison secieted by

Lancet, May 5, 1S83.
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various members of the viperine class. The symptoms are

dilatation of the pupil, progressive diminution of tempei'ature,

convulsions, diminution of blood-pressure, and paralysis, followed
by death. The course is usually very rapid. After death the
blood is found fluid, and there are numerous htemorrhagic points
in the mucous membranes and organs of the body.

§ 573. The Rattlesnake.—The rattlesnake (crotalus) secretes a
poison which, in 1861, was investigated by Mr. Weir Mitchell.

He considered the active principle to consist of an albuminoid
body. The effects of the rattlesnake bite are, so far as is known,
strikingly like those produced by vipers, and it is possible that
the poison is also chemically identical with " viperin."

DIVISION II.—POISONS FORMED IN DEAD
ANIMAL MATTERS.

I.—PTOMAINES—CADAVERIC ALKALOIDS.

§ 574. It has long been known that, in putrefying animal
•substances, more or less definite poisonous principles arise.
Letheby, many years ago, separated several of these ; and Dr.
W. B. Richardson succeeded in crystallising the hydrochlorate
of a base, from a pysemic fluid, and showed it to possess remark-
able toxic effects. Marquardt, of Stettin, also discovered a
cadaveric alkaloid, which he named septicin. Other researches
followed, and the names of Panum,* Bergmann,f Schmiedeberg,
Schmidt, J Zuelzer, Sonnenschein,§ and W. Schwanert will be
remembered as having contributed to our present know-
ledge of the matter. It is, however, Francesco Selmi

||
who

* Virchow's Archiv f. Path. Anat., Bd. xxvii., S. 240. See also Bd
xxviii., xxix., andlx.

t Daspulride Gift u. dieputride Infection. Dorpat, 1868.
I Schmidt, Untermch. ul)er das Sepsin. Inaug. Dissert., Dorpat 1869
§ Berlin. Klin. [Vochenschr.

, 1869, Nro. 12.

II
Selmi, Sulle Ptomaine od Alcaloide Cadaverici, e lore imnortan''a in

Tomcoloqia. Bologna, 1877. See also Atti dei Lincei, vol. ii., 1878" and
1»7J, ihe 1 tomaines and their Significance in Judicial and Toxicolocricil
Chemistry, by Professor Husemann, Ghem. News, Juno 2, 188^ For athtvpapers on Ptomaines, see the Bibliography at end of this article."
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made tlie first prolonged and methodical study of the whole

question, and has shown its great chemico-legal importance.

§ 575. The general method used by Selmi m extractmg the

ptomaines was to make an alcoholic extract very much after the

method of Stas ; and then after filtration to evaporate the alco-

holic extract in a vacuum. This he effected by placmg the

alcoholic solution in a Wolfe's bottle ; the one tubule being con-

nected with a long tube dipping into mercury, which served the

purposes of a manometer, the other united to a globular, well-

cooled receiver, which in its turn was connected with a vacuum

pump. The liquids were thus evaporated down to extracts at

from 30° to 35°, an aqueous solution was then made of the

extract, and the solution shaken up with solvents, the solution

itself either remaining acid, or being alkalised by baryta, ile

attempted to purify the ptomaines obtained m this way by

several methods. Sometimes the ptomaine was so alkaline that

a current of 00, would be sufficient to precipitate it. More

often it was precipitated from its acid solution by means of

baryta, and the pasty mass was exhausted with ether
;
occa-

sionally an ethereal solution of tartaric acid was used^d the

tartrate decomposed with iodine in hydriocUc acid (Hi-l-i).

His chief results were as follows :— " ^ . . , t ^
8 576 Ptomaines extracted from the Acid Liquid by mmns oj

Hther.—The substances extracted by ether gave precipitates

with tannin, iodine in hydriodic acid, and gold chloride, borne

<rave a precipitate with corrosive sublimate, others not. borne

gave a rose-red colour with sulphuric acid; with nitric acid, they

all yellowed more or less. In one case a substance which gave a

remarkably fragrant odour when heated with sulphuric acid and

then neutralised by sodic carbonate, was ^^P^^'^^^^'
^^^^^^^^^

the odour of atropine when treated similarly. A physiological

Txperi^ent with t'his fragrant body, showed that -s p^xs^-

ous, but it killed in a difi-erent manner from atiopme, ana

produced only a temporary dilatation of the pupil.

^
Inother substance extracted from an acid solution, struck a

violet hue in the cold with sulphuric acid. I«f
^ .'t^^^/Ztf

chloride were immediately reduced. The sulphur c a^^^^^^

itself for a few days, turned yellow, and emitted
^

°^V^^^^^^^^

§ 577. Ftonucines extractedfrom an AlkahneUqn^b^^

mler.-Selmi notices that, generally «P«f^^f !

the ptom^^^^^^

extracted in this way soon decompose and ^^^^^^l^P
'^^f^^taste

odour. They dilate the pupil, but only temporal ly, t^^J

pungent or bitter, benumb the tongue, and cause a t"^'^^^ -

suff-Ltion in the throat; they sometimes
^^^J^^f^J^V^^ or

action, sometimes diminish it. In eighteen experiments
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one-third produced the death of frogs, with the heart in systole

and empty. Their chemical characteristics are those of alkaloids

;

they are alkaline in reaction, and are precipitated by general

alkaloidal reagents. The following are some of the substances
mentioned by Selmi :

—

A substance becoming violet with strong sulphuric acid.

A substance reducing iodic acid.

A substance which gave a yellow-red precipitate with acetate
of copper, and was also precipitated by corrosive sublimate and
phosphomolybdic acid.

A substance giving a violet tint passing into red with cold
sulphuric acid, the red not being discharged by the addition of
bromine water. Frohde's reagent, as well as sulphuric acid,

mixed with cerium oxide, also struck a red colour with the same
substance.

A substance giving a red with sulphuric acid like the last, but
differing from it, for bromine water discharged the colour.
A substance which gave a violet colour on treating a dried

drop of the solution with three drops of hydrochloric acid, and
then gently heating.

An alkaline substance giving a violet colour with phosphoric
acid.

He also found at least two ptomaines, which gave crystalline
precipitates with iodine in hydriodic acid—the one separated
in yellow scales, the other in needles arranged in digitate groups.

§ 578. Ptomaines extracted by Chloroform.—After shaking up
with ether the liquid was then acted on by chloroform. Those
dissolved by this solvent had mostly a strong alkaline reaction

;

the taste was pungent and sometimes bitter, benumbing the
tongue. They easily decomposed, and generally reduced iodic
acid. In one case there was a red colour with sulphuric acid,
and the substance behaved not unlike delphinin. A few formed
crystalline compounds with HI + I.

§ 579. Ptomaines extracted by Amylic Alcohol—^e\m\ found
some of the ptomaines insoluble in ether or chloroform, but
soluble m amylic alcohol. A ptomaine obtained by this solvent
gave, with iodine in hydriodic acid, a red-brown precipitate,
which, when examined without loss of time by the microscope,
showed crystals, but the crystals gradually decomposed into
yellow drops. A physiological experiment showed that it was
not poisonous. Another alkaloid extracted in the same way
gave with HI + 1 brown crystals in long laminre. Injected
subcutaneously, it killed a rabbit in two minutes in tetanic
convu sions. Another ptomaine, from a corpse exhumed a year
alter death, was non-crystalline, but very poisonous; injected into
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a rabbit it produced dilatation of the pupil, tetanic convulsions,

and death in two and a half hours.

8 580. rtomaines extracted by Amyl Alcohol and Mher.—Hy

extracting with amyl alcohol and ether, resolution m alcohol,

and then precipitating the solution with basic lead acetate, hl-

terincr, freeing from excess of lead, &c., a white substance was

ultim'ktely obtained, which reduced iodic acid
;
precipitated ferric

chloride, and corrosive sublimate; iodised hydriodic acid, and gold

chloride, but gave no reaction in the cold with sulphuric acid and

no precipitate with picric acid, Mayer's reagent, potassio-cadmic

iodide, nitrate of silver, and bichromate of potash.

S 581 Vokotile Products.—He succeeded more than once in

separating an alkaloid which was either coniine or some nearly

allied volatile product. The possibility of conime developing in

animal substances is evident from the fact of its structure; one

molecule of butyric acid, and one molecule of ammonia, with

separation of 2H2O might produce it. Thus-

Butyric Acid. Ammonia. Coniine.

2C4H8O2 +NH3 - 2H2O = CgHisN.

Or again, butyric acid, ammonia, and hydrogen may react thus-

Butyric Acid. Ammonia. Conine.

2CiH802 +NH3 + 2H2 - 4H2O = CgHisN.

Or again, trimethylamine and valerianic acid may react thus-

Valerianic Trimetliy- ..

Acid. lamine. Conune.

CcHioOa + CsHnN - 2H2O = CsHisN.

Similarly, caproic acid and ammonia (not to mention the reactions

orcertai^a amides with nascent hydrogen) may produce conime

but that any synthesis of coniine is a common occurrence m

"f^tVn:^^ Fatty Matters,- By -hing faUy

matters with water acidulated by sulphuric acid then extracting

The solution with ether, first acting on the acid liquid, and then

on the same alkalised by baryta, Selmi obtained an alkaline

residue of pungent taste, which, when neutrahsed ^vith acetic

rcifancl c^ssolved, gave precipitates .;ith tannin^^^^^^^^^^

hydriodic acid, and chloride of platinum and gold, and stioii^iy

iTsi'^oriL contain, .l.W.-Selmi has mad^ the

intVesting observation that strongly
P--;^;\^rfounJt b

ptomaines" some of which contain arsenic,
"^^j^J^^J^^^rse^^^^

exhumed bodies of men or animals who have died from aisem
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poison. In a subject exhumed fourteen days after death, the
corpse was well preserved, and a large amount of arsenic was
detected. By the search for alkaloids with ether in a liquid
made alkaline with baryta, a substance in small quantity was
separated which crystallised in needles, and formed crystallisable

salts with acids. It gave no precipitate with platinic chloride,

save in very concentrated solutions ; with sulphuric acid it

struck a red colour; with iodic acid, and afterwards with sul-

phuric acid, free iodine was liberated, and a violet colour produced,
which disappeared on neutralisation with sodic carbonate.

Nitric acid coloured it beautifully yellow, and by saturation
with caustic potash this colour deepened. Nordhausen sul-
phuric acid produced only after some time a red colour ; iodine
in hydriodic acid gave no crystalline product. The quantity of
this substance obtained was insufficient for further experiments

;

but a short time after Selmi was enabled to obtain a larger
amount of ptomaines from the body of a man which had been
exhumed a month after death. The ptomaine was extracted
with ether from an alcoholic extract, dissolved in water, and
neutralised by baryta, and subsequently purified and converted
into acetate. The solution gave with tannic acid a white
precipitate; with iodine in hydriodic acid, a kermes-brown
precipitate, gradually disappearing, and furnishing microscopical,
colourless, and branched, but no yellow or brown crystals. With
platinic chloride it gave no precipitate, but in the course of time
yellow crystals appeared, not like those of platinic chloride.
Auric chloride gave a yellow precipitate, which was afterwards
reduced

;
mercuric chloride, a white precipitate

; potassic bichro-
mate, no precipitate; picric acid, a yellow precipitate, which
gradually changed to long crystalline tables of a yellow colour.
No iodic acid was liberated, even after the addition of several
drops of sulphuric acid, but, on warming, free iodine appeared
quickly, and on saturating with sodic bicarbonate, the violet
colour disappeared. The substance was intensely poisonous,
but it contained no arsenic. Selmi later discovered organic
bases containing arsenic in the stomach of a hog, which had
been preserved in a solution of arsenious acid. The liquid was
first submitted to distillation in a current of hydrogen; the
distillate was alkaline, and when neutralised with HOI,' and
evaporated to dryness, yielded a white non-deliquescent hydro-
chlorate in cross-shaped crystals; developing a smell similar to
but not identical with, that of trimethylamine. By oxidisin.^ itwith nitric acid, taking up the residue with sulphuric acid
reducing the arsenic acid by means of sulphurous acid to
arsenious acid, and submitting it to the action of a Marsh's

30
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apparatus, arsenic was shown to be present. This body did not

precipitate tannic acid; with iodine in hydriodic acid, there was

a precipitate of beautiful crystals of a grey colour and the

appearance of iodine ; with picric acid a yellow precipitate which

changed to long, yellow, felt-like needles. Platinic chloride gave

directly a granular canary-yellow precipitate of microscopic octar

hedrons : mercuric chloride gave no precipitate.
_ ,

Professor Oiaccio made some physiological experiments with 24

m-rms. of the substance, and found that it was most intensely

poisonous, resembling strychnine in its action. From the solid

matter, and also from the liquid which remained m the retort,

a fixed arsenical ptomaine (by treatment on the principles pre-

viously detailed) was extracted by ether. Its solution m water

aave, with tannin, a slowly separating yellowish precipitate ;

with iodine in hydriodic acid, a yellowish-red precipitate, and

brown drops; with platinic chloride, a non-crystalhne yellowish

Dowder- with auric chloride, a yellowish precipitate, which was

afterwards reduced. Mercuric chloride and potassio-mercuric

iodides gave yellowish-wHte precipitates; potassic bismuthic

iodide, an orange-yellow precipitate, changing to red; picnc

add, k non-crystalline, and potassium bichromate, a reddish-

yellow precipitate. Experiments made on frogs showed that

£ poisonous action was different to that of the volatile arsmes,

but^was connected with the action of the ordinary ptomaane^

The most prominent phenomena were torpor, paralysis, and

systolic inactivity of the heart.

8 584. Ptomaines are by no means produced solely in the

putrefaction of animal substances. Lombroso and Erba first

Showed that during the putrefaction of maize, a poisonous basic

principle was developed, which had a toxic action simdar to

that of strychnine. The putrid leguminous substances are al o

likely to produce poisonous bases. It seems reasonable to

believe that some of the cases of poisoning from eating meat.

p£ sausages, and the like, which have l^^l^erto been refer d

to diseased meat, or have received no explanation, have been

melberof the cadav'eric alkaloids has been completely s^^^^^^^^^

mat we have hitherto learned concerning them is, for the most

part, derived from a study of microscopic filrns or at the best

a few milligrammes. There is, theretore all the "nceitain ^

tbouT the properties of these bodies ^^^^%;Z-
clusions based upon reactions on minute quantities and p y

logical experiments undertaken
\, ^^^^ttrc/of pC^^

which is doubtful. Nevertheless, the existence ot pto
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may be conceded, and also the fact that some of their reactions

and properties resemble such alkaloids as strychnine, morphine,
atropine, delphinin, and coniine ; but such differences for the
most part exist, that a careful and experienced toxicologist

would not be likely to form erroneous conclusions. Attempts
have been made to find some general test which would dis-

tinguish the ptomaines from the natural alkaloids, but with no
complete success as yet. Potassic ferrid-cyanide is very quickly
reduced by ^all ptomaines, and is, therefore, a most useful test.

The base is converted into sulphate ; a drop of the ferrid-cyanide-
solution is put into a watch-glass, and the solution of the base
added. The mixed liquid is then tested with a ferric salt ; if

reduction has taken place, the liquid will become Prussian-blue
in colour. The behaviour of the plant-alkaloids to ferrid-cyanide
may be summarised as follows :

—

Reducing Potassic Ferrid-cyanide hut Slowly.

Hyoscyamine, emetine, igasurine, colchicine, nicotine, apo-
morphine, aniline, methylamine, paratoluidine, diphenylamine,
napthylamine, pyridin, collidin, hydrocollidine, isodipyridine,
diallylendiamine, and acetonamine.

Reducing Potassic Ferrid-cyanide in a Few Seconds or in a Moment.

Crystallised ergotinine, crystallised aconitine, digitalin, mor-
phine, eserine; fluid hyoscyamine, amorphous aconitine, and
amoi-phous ergotine.

Brouardel and Boutmy * propose to distinguish between the
ptomaines and the natural alkaloids by their action on photo-
graphic silver bromide paper. The paper is written on by a
glass pen dipped in a solution of the base, and the paper is then
sheltered from the light. At the end of half an hour the paper
IS washed with sodic hyposulphite, and then with water; the
plant-bases do not blacken, but the ptomaines reduce the silver,
and the writing becomes visible. Too much trust, however,
must not be placed on a test so recently proposed.
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THE SYNTHESIS OF POISONS BY THE LIVING.

8 586 There are several diseases in whicli the most rational

explanation of the symptoms is either that poisons are self-pro-

duced, or else that the blood becomes loaded with excrementitious

matters. It has, indeed, been asserted recen% ^hat toe

principles in minute quantity may be separated from the urme

SsaUva of healthy persons and if this is so, one may readily

Xit the possibility^f the synthesis of toxic substance^^

abnormal qmntity in states of disease. One of the most strikmg

illustrations of this apparent self-poisonmg is to be seen xn the

disease or state of the body termed
^^''^^^'^f'^^^'^^^^'^i

coma, and uraemia, which so ^trikmgly simulate the action ot

narcotic poisons. An excellent example of diabetic coma is

Recorded in the Lancet, March 11, 1882, by Dr. Pratt. The case

may be detailed in his own words :—

'i':^tT'!''''°°°'"'li\.Tt.Zt^S°^iLsho b.a ..rrivrf her. by the

The ^'^^IS^^S^Jc^t^rMiSSoa she had stoggeriBg g.it ami .

• That the aaliva of a healthy per.oa eontaias .-my l»i»<>"°" P«r" "

doubtful.
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suppHed to her. In a short time she feU off her chair in the commercial

room of the hotel in what seemed a kind of fit ; she was then helped up to a

bedroom where she was very sick. All who saw her thought she was

intoxicated. After remaining there about four hours, she was requested to

seek her relatives. She then left the hotel, with assistance, and was next

seen sitting in a doorway. About 9 p.m. she was able to appeal to a woman

who came near to take her in, saymg that she was very dl, that she had.

been so for weeks, and that she had been told by a Manchester medical

man that she was suffering from diabetes. The woman beUeved her story,

took her in, and sent for a poUce oflBcer, who managed to get at the names

of her relatives. These, being communicated with, came to her at once and

sent for me. , .

I found E. E. in the condition described. She was not drunk, tor

there was no tremulousness of hands or tongue, no nousense talked when

she was roused to consciousness, and her countenance was not that of a

drunkard. She was not apoplectic, for there was no paralysis. There was

no history or appearance of injury. I thought it ura3mia. I ordered her to

be taken at once to her aiuit's, about half a mile off. I accompamed her

thither in the conveyance, and saw her safe in bed. Even as I left the un-

conscious state was deepening.

Next morning, about 9 a.m., I again saw E. R . She had passed a

restless night, and was now almost quite unconscious, only answering "Yes'

or "No" when shouted to. The pupils were dilated, and the conjunctiva m-

sensible
;
pulse 130, small ;

respii-ation rapid and noisy. On auscultation,

the lungs were found to be without disease, and the heart's sounds very

clear and normal. In the night time she had passed urine very freely, and

had got out of bed herself to do so. The urine contained about one-eighth

of albumen, and was loaded with sugar. At 3 p.m. she was quite insensible

;

pulse feeble ; extremities cold and dusky ;
respiration and pupils as before.

She could still swallow, though quite unconsciously^ At 7 p.m. she was in

articulo mortis, and died comatose at 8 p.m., twenty-two hours after I first

saw her. No post-mortem examination was permitted.

Here we have all the symptoms of a narcotic poison—first, the

mental confusion
;

next, the drowsiness
;
and, lastly, the fatal

coma.* In death from ursemic poisoning, the same sort of coma
may end the scene

;
but, as a rule, convulsions precede the

narcosis, although not always witnessed, for the convulsions of

urtemia, as well as those of epilepsy, may take place in
^
the

night, or in secluded places, and the individual be found in a

deep sleep—without any history. Cases of this kind are so

frequent that there is scarcely any medical man of experience

who has not met with them. A few years ago, a personal friend

of my own went to bed in apparently perfect health and spirits,

but was found the next morning in a deep coma, which was fatal

in about twenty-four hours. The autopsy revealed no lesion

whatever ; there was neither cerebral effusion, nor disease of any
important organs. There was no suspicion of suicide ; and it

* See alao Southey, Lancet, Feb. 8, 1879; Elliott, ih., March 22, 1879;
and " Acetonaamia," by B. Fisher, Brit. Med. Journal, Jan. 18, 1878.
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was the opinion of the physicians in attendance that the deceased

had had an epileptic fit, which had been followed by coma.

Allowing this explanation to be correct, one cannot help here

suggesting the synthesis in the body of a narcotic poison. This

interesting and forensically important subject seems to demand

more attention and investigation by the physician, the physiolo-

gist, and the chemist, than have hitherto been given to it.

II.—POISONING BY PUTRID OR CHANGED FOOD-
SAUSAGE POISONING.

§ 587. The various instances of poisoning which occur from

time to time in every European country, and are referable to

changes or conditions of food, have now for many years received

a considerable degree of attention—the subject still remains most

obscure, but from a number of circumstances it is probable that

the cases all fall under one of the following heads :

—

1. Food contaminated with a zymotic poison.

2. Meat of a diseased animal, which, when eaten,_ sows, as it

were, in the person of the individual eating it, a living germ,

which, by its multiplication, induces an illness.

3. Trichinosis.

4. Ergotism (see p. 426).

5. The production of a ptomaine by some peculiar decomposition

of albuminous substances.

1. Food Contaminated hy a Zymotic Poison.

§ 588. In India, in 1871, some rice contaminated with the

cholera poison propagated the disease to seventy-three persons.*

Investigations on the summer-diarrhoea of this country have

established its intensely infectious character. Dr. Wm. John-

stone, t in his prolonged microscopical examination of the excreta,

himself acquired this affection no less than five times. Hence, it

is evident that, when diarrhoea is epidemic, dishes and articles

of food may be accidentally contaminated through uncleanly

habits, and thus a very complete imitation of irritant poisoning

be produced.

* See Author's Dictionary of Hygidre, art. "Cholera."

t Lancet, Sept. 21 and 28, 187S;
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2. Certain Meat (probably of a Diseased Animal) may
^
sow in

the Person Eating it a Germ, which, by its Division and

Multiplication, causes Illness.

The best examples of this class are shown in the poisonings

which occurred at Welbeck and at Nottingham in 1880, and

were investigated very completely by Dr. Ballard and others

connected with the Local Government Board.* On the 15th,

16th, 17th, 18th, and 19th of June, 1880, was held an extensive

sale of timber on the estate of the Duke of Portland, at Welbeck,

Notts. On each day a large number of people partook of

refreshments, consisting of cold boiled ham, roasted beef, and

other articles, and of those who ate a large number were

taken ill. Dr. Ballard was able to obtain a more or less

complete record of seventy-two cases. On the other hand, an

unknown but still large number escaped illness altogether.

The cause of the illness was traced by a considerable mass of

evidence to one or more hams eaten as sandwiches. Of the

seventy-two who suffered, sixty-five were males and only seven

females ; some were attacked severely, and some slightly ; four

died, and coroner's inquests were held on two as to the cause of

death. A period of incubation preceded the illness, in fifty-one

cases where this could be accurately determined ; it was twelve
hours or less in five cases ; between twelve and thirty-six hours
in thirty-four cases; between thirty-six and forty-eight hours
in eight cases; and later than this only in four cases.

In many cases the first definite symptoms occurred suddenly,
and evidently unexpectedly, but in some cases there were
observed during the incubation, more or less feeling of languor
or ill-health, loss of appetite, nausea, or fugitive griping pains

in the belly. In about one-third of the cases, the first definite

symptom was a sense of chilliness, usually with rigors or

trembling, and in one case accompanied by dyspnoea. In a few
cases the premonitory symptoms were giddiness with faintness,

sometimes accompanied by a cold sweat and tottering. In
others, the first symptoms were headache or pain somewhere
in the front of the body

—

e.g., in the chest, or in the back
between the shoulders, or in the abdomen, to which part the pain,

* "On an Acute Specific Disease characterised by a peculiar Diarrhoea
Epidemic among Persons who had partaken of Refreshments provided at
a Sale on the Duke of Portland's Estate at Welbeck," by Dr. Ballard.
" On a Series of Cases of Acute Specific Disease (similar to that observed in
the Welbeck outbreak) following the eating of Hot-baked Pork purchased
at a shop in Nottingham," by Dr. Ballard.—(S'itpp. to Tenth Ann. Report of
the Local Govt. Board for 1880.
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wherever it miglit have commenced, subsequently extended. In
one case, the first symptom noticed was a difficulty in swallowing,

in two cases it was intense thirst, but, however the attack may
have commenced, it was usually not long before pain in the

abdomen, diarrhoea, and vomiting came on, diarrhoea being of

more certain occurrence than vomiting. Pain, ia several cases,

commenced in the chest or between the shoulders, and extended

first to the upper, and then to the lower part of the abdomen.

It was usually very severe indeed, quickly producing prostration

or faintness with cold sweats, and was variously described as

" crampy," " burning," " tearing," &c. The diarrhceal discharges

were, in some cases, quite unrestrainable, and, where a description

of them could be obtained, were said to have been exceedingly

offensive, and usually of a dark colour. Muscular weakness was

an early and very remarkable symptom in nearly all cases, and

in many was so great that the patient could only stand by

holding on to something. Headache, sometimes severe, was a

common and early symptom, and in most cases there was thirst,

often intense and most distressing. The tongue, when observed,

was described usually as thickly coated with a brown velvety

fur, but red at the tip and edges. In the early stage the skin

was often cold to the touch ; but afterwards some fever set in,

the temperature rising to 101°, 103°, and 104°. In a few severe

cases where the skin was actually cold, the patient complained

of heat, insisted on throwing off the bedclothes, and was very

restless. The pulse, in the height of the illness, became rapid,

counting in some cases 100 to 128. The above were the symp-

toms most frequently noted. Other symptoms occurred, however,

some in a few instances, and some in only solitary cases—such

as excessive sweating; cramps in the legs, or in both legs, and

arms; convulsive flexion of the hands or fingers; muscular

twitchings of the face, shoulders, or hands
;
aching pam m the

shoulders, joints, or extremities; a sense of stiffness of the joints,

prickling, or tingling, or numbness of the hands, lasting far into

convalescence. Again, in some cases, there was a sense of

general compression of the skin, together with drowsiness,

hallucinations, imperfection of vision, and intolerance of light, in

three cases (one, that of a medical man), there was observed

yellowness of the skin, either general or confined to that ot

the face and eyes. In one case, at a later stage of illness,

there was some pulmonary congestion, and an attack ot ^^llat

was regarded as gout. In the fatal cases, death was pre-

ceded by collapse like that of cholera, coldness of the surtace^

pinched features, sunken eyes, and blueness of the nng^rb

and toes. The debility of convalescence was m nearly
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cases protracted by several weeks. The mildest cases were

characterised usually by little remarkable beyond the following

symptoms :—Abdominal pains, vomiting, diarrhoea, thirst, head-

ache, muscular weakness, any one or two of which might be

absent. In three out of the four fatal cases post-mortem exami-

nations were made, but in only one was the examination at all

thorough. In all, the mucous membrane of the stomach was
highly congested, and the intestines in two were also in the

same state ; the lungs in one case were sofb and congested from
pneumonia of the dying ; in another they were not examined

;

and in a third case there was congestion of the left lung. The
kidneys, or portions of them, from a severe case, were examined
microscopically by Dr. Klein, who discovered evidences of paren-
chymatous inflammation, and a plugging of the afferent artericles

and capillaries of the malpighian corpuscles, with emboli formed
of masses of bacilli. Some of the glomeruli had undergone a
total or partial obliteration, owing to a degeneration, at first

hyaline, afterwards fibrous, of the capillaries. Dr. Klein describes
this degeneration as of exactly the same nature as that occurring
in scarlatinal nephritis. The bacilli found were in the state of
spore-formation.

Some of the ham was obtained and found by Dr. Klein to con-
tain a species of bacillus with sporules of the same. The bacillus
threads and sporules were in connection with the muscular fibre
and in the intermuscular tissue. Dr. Klein made various
experiments on animals with the ham, and also with some of the
bacillus-producing material after cultivation in an incubator.
In all but a few instances this produced in mice, rats, dogs,
guinea-pigs, and other animals experimented upon, disease.
The morbid condition produced in the animals, and found on
post-mortem examination, was most uniformly pneumonia; in one
instance, pleuritis or pulmonary hypersemia ; in some, haemor-
rhage into the pulmonary tissue was observed. In one there was
haemorrhage into the tissue of the liver, and the organ was found
enlarged. In some the spleen was found enlarged and congested.
In three instances peritonitis, slight or severe, was found. Two
dogs fed and inoculated with the cooked ham, and killed on the
eighth day, (one having suffered from colic on the first day of
feeding,) exhibited after death evidence of severe desquamative
hypersemia, or ijiflammation of the stomach and intestines, the
contents of which contained bacilli and a few pus corpuscles.
Bacilli were found in the blood of two white mice which died
twenty-four hours after being fed and inoculated with bacteria
from the raw ham

; but no bacilli were discoverable in the blood
of two other mice inoculated with this blood, although, when
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they were killed on the second and third days respectively, they

were both found to have severe pneumonia, with enlarged liver

and enlarged congested spleen. Nor were bacilli found in the

blood of four other animals in which they were sought for after

death.

§ 589. The Nottingham case was almost as remarkable, ihe

members of five different households, fifteen in all, were taken

ill on February 11th and 12th. All the persons had eaten pork

purchased at a particular shop, and one of the sufferers died.

The symptoms differed in no essential respect from those already

detailed in the Welbeck poisonings. The illness lasted several

days, and left behind much muscular weakness. An abstract ot

the symptoms suffered by the man who died is as follows :—

J 0., aged 23, a painter by trade, ate some pork on the

evening of Friday, February 11. He passed a good night, and

went to his work at 8.30 a.m., as usual. At 2 p.m., (which was

probably about eighteen hours after eating the pork) he com-

plained of feeHng sick, and was purged all the afternoon, but he

passed a good night. The next day he could eat nothing, was

constantly purged, and vomited, rejecting all liquids ;
there was

o-reat muscular weakness with a feeUng of chilliness ;
he passed a

bad night, and the next day (Monday) complained of severe pam

in the abdomen with headache. The vomiting and diarrhea

continued. His skin was hot, the abdomen tender, and the

arms and legs bent and twitching. Later m the day, the

face was swollen, the eyes puffy, the skin was livid m patches,

and hot, and the pulse almost imperceptible ;
the legs and arms

were constantly twitching, and he repeatedly and suddenly threv.

himself from side to side "as if electricity had been apphed; he

then became delirious. On Tuesday he died at 2 p.m., about

three days and eighteen hours after eating the pork.

Fost-mortem Examination.—Th^ lungs were deeply engorged

and non-crepitant; very little liquid followed the knife on section,

but a little dark bloody fluid could be expressed by squeezing

There was redness of the mucous membrane of ^lie stomach m

patches, and also some slight redness of the J^J^^^.^^^^

were apparently healthy. The spleen was ^^^^^^
^^^^^ "^"^^^^^^

and the tissue readily broke down on pressure^
i^';^, esenTery!

microscopical researches into the kidneys, blood, liver, "jesentcry,

spleen, and other parts. His results are summarised by ^r.

^
L tacSrsi^ilar to those discovered the ^elbecl.

j^^^^^^
were found in varying numbers in the perit^ai dial ttum,

iuice expressed from the lung, in the air vesicles ^/^^^^^^^^^^

"vessels of the lung, in the tissues of the stomach and ileum,
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the spleen within and around its large vessels, and in and around

the vessels of the kidney, and in the connective tissue between

the tubuli of the renal cortex.

2. The capillary vessels of the glomeruli of many of the

Malpighian corpuscles of the kidney being degenerated into

hyaline or fibrous bands, the nuclei of the glomeruli being in-

creased ("glomerulo-nephrits")—some of the tubuli contorti con-

tained extravasated blood, others of them hyaline casts.

3. There were haamorrhagic infarctions of the lung tissue, and
bacilli were found with or without spores amongst the blood,

filling the air vesicles and in the blood vessels.

4. Inflammation of Peyer's glands, of the small intestine, and a

few bacilli in the submucous tissue.

5. In the liver, slight interstitial hepatitis.

Guinea-pigs inoculated with the blood, pericardial exudation,

and lung juice, became diseased. Six out of ten animals in-

oculated died spontaneously, and four were killed. Pneumonia
in two, accompanied by pulmonary haemorrhage, was found
after death, and in eight of the ten there was peritonitis

;

in four pleuritis also; and in two, in addition to pneumonia,
there was enlargement of the liver and spleen. In two guinea-pigs
inoculated with the blood, a tumour containing purulent matter
developed at the seat of inoculation. Similar results followed
the inoculation of material obtained by cultivation of the blood
and lung juice in the incubator. Bacilli were found in the blood
and exudations of some of the above inoculated animals, as well
as in the purulent matter in the tumours found in two of them,
as above described, at the seat of inoculation.

3. Trichinosis.

The trichina spiralis is a minute nematode helminthe, in the
shape of a little worm, the body being round and filiform. The
male in its sexually mature state only measures inch, while
the female measures i inch. The mode of reproduction is

viviparous, and most females contain from three to five hundred
ova. Their power of multiplication is marvellous; in six days
the female parasites will contain perfectly developed and free
embryos in the interior, and these pass by the genital outlet,
which is placed far forward at about the end of the first fifth of
the long diameter of the body; the new-born young commence
almost at once their wandering. They penetrate the walls of
the intestines, and pass directly through the abdominal cavity
into the muscles of their bearers, where, if conditions are favour-
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able, they become encysted, the cysts appearing like smaH round

dots, granules, or vesicles, quite distinct from the red muscle

;

sometimes the cyst calcifies. In the interior of the cyst the

trichina is rolled up in a spiral form (Fig. 16). The next figure

(Fio- 17) shows it partially uncoiled, removed from the cyst,

and further magnified.

Fig. 16.-(After Vircliow). Fig. l7.-100tli of an inch x 300.

Trichinee have been found in swine, dogs, badgers, cats,

horses, oxen, sheep, eels, pigeons, and moles.

The symptoms of trichinosis can hardly be confused with those

of poison, but the disease has often been mistaken for typhoid

?ev?r ; th^re is a certain marked interval between the mgestiou

of th^ food and the development of the illness; there ib no case

of trichinosis on record in which the symptoms ^^y be described

as immediate ; in all, one or even several days have ^l^P^f̂ ^^^^^^^^

the person became afi-ected. The usual course is one of gradual

development, there is weariness, loss of appetite, and eventually

iebrileVenomena; then follows pain ii, the
-^-f^^;^^''^^!^^

simulate rheumatism, and in fatal cases may be ^ ^r:^ se^ ere

th^ cause of death is various, some dying from pneumonia, others

from exhaustion.

.5. The Production of a Ptomaim or some domical Poison in

Albuminous Siihstances.

Several cases of sausage poisoning ^^^^^S
^^^^^^

doubt to this class-for example, the remarkable case recora
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Dr. Ballard.* A gardener, aged forty-two, purchased, on March

13," 1881, half a pound of sausages ; the sausages were of a large

description, each weighing several pounds, and similar to those

commonly sold under the name of "German sausage." Each

sausage was imported, packed in a cylinder of tinned iron, the

interval between the sausage and the cylinder being filled with

melted fat ; the covers of the cylinder were soldered down. The

sausages were said to have been made of beef About 11 a.m.,

he ate the half-pound of sausages, and at 11.45 was found by his

son lying on a truss of hay very ill, sufiering from great

abdominal pain ; he had vomited, and was purged, his head was

hot, his face flushed, but the feet were cold, and he complained

alternately of heat and chilliness. He was carried home in the

a,ffcernoon, and continued during the evening and night to be

purged and to vomit. A medical man saw him in the course of

the evening, but considered that he was suff"eruig from bronchitis;

he had at the time a pain in the chest and cough, and the sputa

was rusty and glutinous. The man died on March 21, eight

days after eating the sausage, the breathing becoming more and

more difficult. No coroner's inquest was held. Part of the

sausage was obtained and submitted to Dr. Klein, who gave the

following report of the experiments which he made :

—

The sausages were marked 1, 2, 3, 4, 5, 6, 7, 8, 9. No 9 was the

remains of the sausage which the gardener had partaken of, these sausages

were used for feeding animals—rabbits and mice ; while some samples (Nos. 7

and 5) proved innocuous, others (Nos. 6 and 8) were very poisonous. With
No. 6 were fed twelve mice and four rabbits ; of the mice, five died spon-

taneously, three after twenty-four hours, and two after sixty hours ; three

were killed while ill, and four escaped illness. Of the rabbits, one died

spontaneously during the first day, one during the second day, and two
others were killed while ill. With No. 8 were fed four mice, of these one
died spontaneously after eight hours, one after thirty hours, and the other

two after twenty-four hours. On March 26, four rabbits and four mice
were fed with No. 9, (the sausage the man had partaken of), and none of

these animals suffered illness ; on May 2, however, four mice were fed with
it and became ill, but they had recovered perfectly on the fifth day. In all

instances when the animal became ill, the illness showed itself very soon
after the feeding—viz., from a quarter of an hour to several hours, the
animals became very quiet, and in some instances, especially in the rabbits,

there was vomiting a quarter of an hour after feeding. They did not take
their food, and did not care to move, their faces became pinched, and their

eyes small. In the case of the mice, their coats became very rough ; this
state soon grew worse, the animals becoming comatose. The temperature
rapidly sank, and the animals soon died ; in some cases they lingered on
for several days, recovered slightly, took food again, and became a little

On a case of "Sausage Poisoning" which occurred at Arlford, near
Chester.

—

Supplement to Mevenlh Annual Report of the Local Oovernment
Board for 1881.
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more lively • but when killed they showed the same post-mortem appear-

ances as those that died spontaneously, only in a mdder degree.

On post-mortem examination, the appearances found were hsemorrhages m
the stomach, congestion of the lungs, enlarged kidneys, the cortex of the

orcran beins; pale, the medulla hyperssmic. On microscopical examination of

the kidney, the important fact was ascertained, that most of the urinary

tubules contained casts, that many malpighian corpuscles and the tissues

surrounding them were in a state of disintegration, without, however, there

beinc^ present any inflammatory cells (pus corpuscles), so that the disintegra-

tion was e^ddently due to the direct result of some destructive agency

acting in the vessels of the glomeruh of the malpighian corpuscles. The

result of these experiments was, then, in a high degree mdicative of the

presence in the sLusages of some chemical poison, tor the sudden lUness

foUowing shortly after the feeding, the vomitmg, the hemorrhage m the

stomTch, and the condition of the kidney are just such as are compatible

only witb that assumption. Consequently part of sausage No 6, which had

proved very poisonous to mice and rabbits, was forwarded to Dr Dupr^,

and he prepared from it (a.) a cold alcohoUc extract and (&.) an alkaloid in

an impure state. Experiments, however, made by feeding and moculation

w^tKther of these on a dog, two mice, and two rabbits, did not produce

any symptom of illness.

It is to be noted that whatever poison the sausage contained

must have been distributed unequally through the mass, and it

is possible that the chemical expert, although he had part oi a

sausage which was poisonous, may not have had a part with

the particular poison in it. The state of the kidneys m the mice

fully bears out Dr. Ballard's suggestion, that the pneumonia of

the patient was probably dependent on the renal congestion.
_

At

the Tame time, the case 'affords grounds for some painful suspicion

that a few of the cases of pneumonia returned from country

districts, may not be pneumonia, but the result of POJ^omng.

the case quoted would certainly be returned as death from one

form or other of respiratory affection.

T59O. A series of cases may be picked out from the accounts

nf Lni.nce Doisonin- in Germany, all of which evidently depend

t^Z:io^7o^-^^^E the saL symptoms, ancUhees—
distinctive mark of which is extreme dryness of the J^^^

m?cous membranes, dilatation of the pupil, and paralysis of the
mucous mcmux

'

j uncertain time after eating

secretion
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mucous membrane participates in this unnatural want of secre-

tion, the very tears are dried up. In a case related by Kraatzer,*

the patient, losing a son, was much troubled, but wept no tear.

This dryness leads to changes in the mucous membrane, it

shrivels, and partly desquamates, aphthous swellings may occur,

and a diffuse redness and diptheritic-like patches have been

noticed. There is obstinate constipation, probably from a dry-

ness of the mucous lining of the intestines. The breath has an
unpleasant odour, there is often a croupy cough, the urinary

secretion alone is not decreased but rather augmented. Swallow-
ing may be so difficult as to rise to the grade of aphagia, and the

tongue cannot be manipulated properly, so that the speech may
be almost unintelligible. At the same time marked symptoms
of the motor nerves of the face are present, the patient's sight is

disturbed, he sees colours or sparks before his eyes ; in a few
cases there has been transitory blindness, in others diplopia.

The pupil in nearly all the cases has been dilated, also in excep-
tional instances it has been contracted. The levator folpehrae
sitperioris is paralysed, and the resulting ptosis completes the
picture. Consciousness remains intact almost to death, there is

excessive weakness of the muscles, perhaps from a general paresis.

If the patient lives long enough, he gets wretchedly thin, and
dies from marasmus. In more rapidly fatal cases, death follows
from respiratory paralysis, with or without convulsions.

The post-mortem ap2}earances which have been observed are

—

the mucous membranes of the mouth, gullet, and throat are
white, hard, and parchment-like ; that of the stomach is more or
less injected with numerous hfemorrhages ; the kidneys are some-
what congested, with some effusion of blood in the tubuli ; the
spleen is large and very full of blood, and the lungs are often
cedematous, pneumonic, or bronchitic.

* Quoted by Husemann. Vergiftung durcli Wurstgift (Masclika's Hand-
hoolc).



PART VII.-THE OXALIC ACID GROUP
OF POISONS.

§ 591. Oxalic acid is very widely distributed both in the free

state and in combination with bases throughout the vegetable

kingdom, and it also occurs in the animal kingdom. In combi-

nation with potash it is found in the Geranium acetosum (L.),

Spinacia oleracea (L.), Phytolacca decandra (L.), Eheum pdmatum

(L) Suniex acetosa, Atropa belladonna, and several others ;
m com-

bination with soda in different species Salsola and Salicorma ;

and in combination with lime in most plants, especially m the

roots and bark. Many lichens contain half their weight of

calcic oxalate, and oxalic acid, either free or combined, 35

(according to the observations of Hamlet and Plownght)

present in aU mature non-microscopic fungi. Crystals of

oxalate of lime may be frequently seen by the aid of the

microscope in the cells of plants. According to Schmidt t tlus

crystallisation only takes place in the fully mature cell, for in

actively growing cells the oxalate of lime is entirely dissolved by

the albumen of the plant. ^ •
j.i

In the animal kingdom oxalic acid is always present m the

intestinal contents of the caterpillar. In combination with hine

it is constantly found in the allantois liquor of the cow, the urine

of man, swine, horses, and cats. With regard to human urme,

the presence or absence of oxalate of lime greatly depends upon

the diet, and also upon the individual, some persons almost

invariably secreting oxalates whatever their food may be.

\ ml 0.mlic Acid, H,O,O,2H,O(90 + 36) specific gravity

1-64 occurs in commerce in prismatic crystals, very similar to,

and liable to be mistaken for, either magnesic or zincic sulphates^

The crystals are intensely acid, easily soluble in water (1 part

requiriL at 14-5° 10-46 parts of water ;
they are also solub e

S^Tp-ts of cold, and readily in boiling, alcoho Oxalic ac^^

is slightly soluble in cold absolute ether; but ether, although

• Ghem. News, vol. xxxvi., p. 93.

t A7in. Ghem. Pharm., vol. Ixi., p. 2J/.
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extracting most organic acids from an aqueous solution, will
not extract oxalic acid.

Oxalic acid sublimes slowly at 100°, but rapidly and com-
pletely at 150°

; the best means of obtaining the pure anhydride,
is to put a sufficient quantity of the acid into a strong flask,

clamp it by suitable connections to the mercury pump described
at page 53, and sublime in a vacuum ; in this way a sufficient
quantity may be sublimed a little above 100°. It is well to
remember, not only its low subliming temperature, but also
that an aqueous solution, if kept at 100°, loses acid ; hence all
evaporating or heating operations must not exceed 98°, or there
will be some loss. The effect of heat is first to drive off water,
then, if continued up to about 190°, there is decomposition into
carbon oxide, dioxide, water, and formic acid ; the two reactions
occurring simultaneously

—

OgHp^ = CO2 + CO + H2O.

O2H2O, = OO2 + OH2O2.

_
Heated with sulphuric acid to 110°, the following decomposi-

tion takes place :

—

H2O2O4 = H2O + CO2 + CO.

Oxalic acid decomposes fluor spar, the phosphates of iron, silver,
zinc, copper, and the arseniates of iron, silver, and copper. It
may be used to separate the sulphides of iron and manganese
from the sulphides of zinc, cadmium, uranium, cobalt, mercury,
and copper—dissolving the former, not the latter. Many minerals
and other substances are also attacked by this acid.

If a solution of oxalic acid in water is boiled with ammonio
or sodio terchloride of gold (avoiding direct exposure to light)
the gold is precipitated

—

2AUOI3 + 3H2C2O, = 6CO2 + 6HC1 + Au2.

When black oxide of manganese (free from carbonate) is mixed
with an oxalate, and treated with dilute sulphuric acid, the
oxalic acid is decomposed, and carbon dioxide evolved—

MnO^ + H^Cp, + H^SO, = MnSO, + 2H2O + 200,.

A similar reaction occurs with permanganate of potash,
it to a solution of oxalic acid, which may bo neutralisedwith an alkah, or may contain free acetic acid, a solution of

31
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acetate of lime be added, oxalate of lime is thro^m down-

This salt, important in an analytical point of view, it will be

"tsts"^. of Lime (CaO,0,H,0), 1 part= -863 crystallised

oxilic acid. This is the salt wMch the analyst obtains for the

quantitative estimation of lime or oxalic acid; it

H^^Hf^f^'f
with that occurring in the vegetable kingdom, the_ latter con-

taining 3H,0. Oxalate of lime cannot be precipitated^ for

quSative^ purposes
.
from solutions

^Xlle sXT^
aluminium, or ferric iron, since somewhat soluble salts are

formed. It dissolves in solutions of magnesium and manganese

anT citrate of soda, and is also decomposed by boiling -tti

solutions of copper, silver, lead, cadmium, zmc nickel cobalt

IZnZm, or barium. It is insoluble in solutions of cUorides

of the alkalies and alkaline earths, and m water, -jjkakae

solutions, or in acetic acid; and is soluble m -^^^^^}
.^ll^^^

when the acid is strong and in considerable excess. It is unalter

Tb^ in the air, and at^lOO=. When carefully and fojlj^^ed

it mav be wholly converted into carbonate of lime; if the heat

is noTproperly managed (that is, if excessive), caustic lime may

bp formed in greater or smaller quantity.

§ 594. Use ^^ the ^r^..-Oxalic acid is chiefly -^^d by dyers

and calico-printers, but also by curriers and harness-makers for

SSlkr iu alcohol. Heated on platinum foil~
Of lime, a precipitate of calcic oxalate insoluble m ac

§ 596. ^to«to.-Poisoning by oxalic acid is

f^^^^J^^^^^

England than in any other European
^J^",i*^?,om ox^^

1875-80, there were registered m England
'.^.^^f J'^^^^^inder

acid-of these 65, or 87-8 per cent.,
^^^^^f^^,^^^^^^^^

was
accidental. Of the 74 deaths, 41 were males and 33 iemales

But it is roprecipitated unaltered ^^-^XfoS^^SnSi' much free

A "Liquid Blue," used for laiunky pui poses, coui^
t A

oxalic acid.
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a child between 5 and 10 years of age, 3 were between 15 and
20, 7 between 20 and 25, 6 between 25 and 35, 39 between 35
and 55, and 18 between 55 and 75.

§ 597. Fatal Dose.—The smallest dose of oxalic acid known to

have destroyed life is, according to Dr. Taylor, 3-88 grms. (60
grains) ; but recovery has taken place, on prompt administration

of remedies, after eight times this quantity had been swallowed.
With regard to oxalate of soda, or binoxalate of potash, 14*2

grms. (half an ounce) have been taken without fatal result,

although the symptoms were very serious ; and it may be held
that about that quantity would usually cause death. Oxalic acid
is not used in medicine.

§ 598. Effects of Oxalic Acid and Oxalates on Animals.—The
first cases of poisoning by oxalic acid occurred early in the nine-
teenth century, a little more than fifty years after its discovery.
Thompson* was the first who attempted by experiment on
animal life to elucidate the action of the poison ; he noted the
caustic action on the stomach, and the effects on the heart and
nervous system, which he attributed simply to the local injury
through the sympathetic nerves. Orfilaf was the next who took
the matter up, and he made several experiments; but it was
Robert Ohristison % who distinctly recognised the important fact
that oxalic acid was toxic, quite apart from any local effects, and
that the soluble oxalates, such as sodic and potassic oxalates,
were violent poisons.

.§ 599. Kobert and Kiissner § made, two or three years ago,
some very extended researches on the effects of sodic oxalate on
rabbits, cats, dogs, guinea-pigs, hedgehogs, frogs, &c.—the chief
results of which are as follows :—On injection of sodic oxalate
solution in moderate doses into the circulation, the heart's action,
and, therefore, the pulse become arhythmic; and a dicrotic or
tricrotic condition of the pulse may last even half a day, while at-

the same time the frequency may be uninfluenced. The blood-
pressure also with moderate doses is normal, and with small
atoxic doses there is no slowing of the respiration. On the
other hand, toxic doses paralyse the respiratory apparatus, and
the animal dies asphyxiated. With chronic and subacute poison-
ing the respiration becomes slower and slower, and then ceases
irom paralysis of the respiratory muscles. The first sign of
poisoning, whether acute or chronic, is a sleepy condition

;
dogs

be quiet, making now and then a noise as if dreaming, mechaiii-

* Lond. Med. Rep., vol. iii., p. 382.
t Traile de Toxkologie.
t Ediii. Me4. nudSun/. .Journ., 1823.
§ bxper. Wirkungen d,T Oxcdmure, Virch. Archiv, Bd. Ixxvii., S. 209.
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cal irritations are responded to with dullness. The hind ex-

tremities become weak, and then the fore This paresis of the

hind extremities, deepening into complete
f^'^^'^J^''^ZrTon

constant and striking. Take for example from the paper {Op.

cit.) the experiment in which a large cat received in six d

fivi subcutaneous injections of 5 cc. of a solution of sodic oxa^^^^^^^

(strength 1 : 30), equalling -16 grm. ;
the cat died, as it were

Iradmlly from^behind forwards, so that on the sixth day the

hSderJxtremities were fully motionless, and without foehng

ThfWt beat strongly. The temperature of the P^-^f^
animal always sinks below the normal condition. Convulsions

inTute poLning are common, in chronic quite absent; when

present in acute%oisoning, they are tetanic or strycta-

Hke In all the experiments of Kobert and Kussner, lethal

dos^s of soluble oxalates caused the appearance of sugar in

the urine^
made forty-nine experiments on dogs, in which

he a^i^SStered retti^^^^ large closes by the stomach; no

poisonou^ effect followed. Emil PfeifFer t gave a dog in three

successive days -2, -5, and lastly 1 grm. oxalic acid with meat but

To ^vmDtoms resulted. Yet that oxaUc acid, as sodic oxalate, is

no symptoms resuiteu.
circulation, cannot be

U'fcc^pS^^^^^^^ is that the large amount of

nrphosphates in (he digekve canal of dogs is decomposed by

nvfllio acid and the harmless lime oxalate formed.
°

gxalTctid^^ absorbed into the blood, and leeches haveW
known to die after their applicatfon to a person who had token

Tlar^e dose Thus Ohristison % quotes a case related by Dr

Irrowsm'th in which this occurred They were healthy, and

^stTeT^i^ediately ; on looking at them a few ^^f^^^ I
remarked that they did not seem to fill, and on toucnin o

Xhard, and instLtly fell ^X^lTlAt^^^^^^^^^
were in the same state. They had all

^
ften, and tne m

consDicuous, but they had drawn scarcely any blood, iliey we

:rplieTaboutsixhoJ^^ ex-

1 600. Effects of ^«i^«-f^^^^.^^^^^^^^
perimented by pigeons on the action of oxalic acia

.^j^^^

* Alia. Med. Central Ztg., 1877.

t Archiv der Pharm. (3 K.), Bd. xui., S. 544, 187«.

t " Treatise on Poisons."
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of the nasal membrane. On continuing the transmission of the
vapour, after eight minutes there was again restlessness, shaking
of the head, and cough ; after eleven minutes the bird fell and
was convulsed. On discontinuing the sublimation, it got up and
moved freely, but showed respiratory irritation. On the second
day after the experiment, it was observed that the bird's note
was hoarse, on the fourth day there was slowness of the heart's
action and refusal of food, and on the sixth day the bird was
found dead. Examination after death showed slight injection of
the cerebral membranes ; the.cellular tissue in the neighbourhood
of the trachea contained in certain places extravasations of blood,
varying from the size of a pea to that of a penny ; the mucous
membrane of the larynx and trachea was swollen and covered
with a thick croupous layer ; the lungs were partially hepatised,
and the pleura thickened ; the crop as well as the true intestines
still contained some food.*

§ 601. The Effects of Oxalic Acid mid Eydropotassic Oxalate
on i/an.—The cases of oxalic poisoning have been invariably
due to either oxalic acid or hydropotassic oxalate, the neutral
sodic or potassic oxalates having hitherto in no instance
been taken. The symptoms, and even the locally destructive
action of oxalic acid and the acid oxalate, are so similar that
neither from clinical nor post-mortem signs could they be
differentiated by anyone not having a previous knowledge of the
case. °

The external application of oxalic acid does not appear to
cause illness

;
workmen engaged in trades requiring the constant

use ol the acid often have the nails white, opaque and brittle :

but no direct injury to health is on record.A large dose of either causes a local and a remote effect : the
local IS very similar to that already described as belonging to
the mineral acids—i.e., more or less destructive of the mucous
membranes with which the acid comes in contact. The remote
ettects may only be developed after a little

;
they consist essen-

tially oi a profound influence on the nervous system. Thouo-h
more than 120 cases of oxalic acid poisoning have occurred since
^^Uristison wrote his treatise; his graphic description still holds
*

1 ;. -"-J'

^^y^ " ^ person immediately after swallowing asolution of a crystalline salt, which tasted purely and stron-lv
acid IS attacked with burning in the throat, then with burnfng

>fi

vomiting, particularly of bloody matter, imper-ceptible pulse, and excessive languor, and dies in half an hour, or
still more, in twenty, fifteen, or ten minutes, I do not know

* Oewerbe Hygiene, p. 423.
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f 11 1,4^1, ^QTi I'ntprfere with the conclusion that oxalic
any ^^^WJ^ich can m^^^^^^^^ wit

^^^^^^

has the same effect^

J^\o to 30 grms. are swallowed, dissolved

rXtlr there is an mZLte sour taste, pain, burning in the
m water, ^^^re is

colourless, greenish,
stomach, and vomitmj. xne j

considerable variety in

or black, jeryJid b^^^^^^^^^ -
^ 1^^^,^ by

the symptoms. The variations m y
^

F
^

saying that, m one class of
g^^^' the nervous

1%%^^"^^^^ S the local effects seem alone

''t:1""^ Hospital, in 1842, there was no pain but

vomUgt^^^^^
a male (aged ^y-eight took 10 4 grms^ ^ib.

^^^^

Death may be very rapid-^.^.,
'^J^l'^^^'^^^ bleeding from the

1868) it took place m ten minutes
' ^^^fj^^^^^^^^ Orfila

stomich, which doubtless f^f^^^^ ^ f,',^^
oxalate of

tas recorded a cle"o«t
f/^r/wa^

potash; a woman took lb S™^Y ,3, p„„„pfl in fifteen minutes.

Offered from fearful cramps, and dea h ensued m
^^^^^^

In another case, also recorded by Orhia, there

of the pulse, and ^OP^^^^^ *«^t^'T;vvL Ld^o^^^^^^ sequel* are

the acid oxalate of potash,
^^^^^^^^XlTto is A^^^^ their

ore or less con|:ant,^KS" ^^^^^^^ detailed on

development. -biom ^m. ^
f +1^^ lower extremities,

animals, one would expect some P^^^^^ ^^^^.^ ^ore or less

but this has not ^^^^^n observed in mam 1

gestion of the kicWs with albuminuria^
temporary loss or

" In two cases quoted by ^=^^1;/
'f^^'^^rthe aphonia lasted for

enfeeblement of voice ; m one of th«^^°;^*'^^^^^
l,^d swallowed

eight days. In the o^ier that of a man
; ^^^^^^^^^ ^^^p,

about 7 grms. {\ oz.) of
o^^J^J^^^"^' ^'^^ contim^^^ so for more

became in nine hours low and feeble,
f
° ^^^^^^^

than a month, during the
^P^^'^H^^^ As a case of

addition from numbness and tinglmg of the ie«
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extreme rarity may be mentioned that of a young woman,* who
took 12 grms. (185 grains) of the acid oxalate of potash, and on
the third day died ; before death exhibiting delirium so active

and intense that it was described as " madness."

§ 602. Physiological Action.—Putting on one side the local

effects of oxalic acid, and regarding only its true toxic effects,

there is some difference of opinion as to its action. L. Hermann
considers it one of the heart poisons, having seen the frog's heart

arrested by subcutaneous doses of sodic oxalate, an observation

which is borne out by the experiments of Oyon,t and not negatived
by those of Robert and Kiissner. The poison is believed to act

on the extracardial ganglia. Onsum;]: held at one time a peculiar

theory of the action of oxalic acid, believing that it precipitated

as oxalate of lime in the lung capillaries, causing embolic obstruc-
tion ; but this view is not now accepted—there are too many
obvious objections to it. Robert and Riissner do not consider
oxalic acid a heart poison, but believe that its action is directed
to the central nervous system, as attested by sinking of the blood-
pressure, the arhythm and retardation of the pulse, the slow
breathing, and the paralytic symptoms.

§ 603. Pathological Changes.—Robert and Riissner observed that
when oxalate of soda was subcutaneously injected into animals,
there was often abscess and even gangrene, at the seat of the
injection. If the poison were injected into the peritoneal cavity,
death was so rapid as to leave little time for any coarse lesions
to manifest themselves. They were not able to observe a cherry-
red colour of the blood, nor did they find oxalate of lime crystals
in the lung capillaries ; there were often embolic processes in the
lung, but nothing typical. They came, therefore, to the conclu-
sion that the state of the kidneys and the urine was the only
typical sign. The kidneys were dark, full of blood, but did not
show any microscopic hsemorrhages. Twelve hours after taking
the poison there is observed in the cortical substance, a fine
striping corresponding to the canaliculi ; in exquisite cases the
whole boundary layer is coloured white. If the poisoning lasts
a longer time, the kidneys becomes less blood-rich, and show the
described white striping very beautifully; this change persists
several weeks. The cause of this strange appearance is at once
revealed by a microscopical examination ; it is due to a deposition

* Journ. de. OJiim. Med., 1839, p. 564
+ Virch. Archiv, Bd. xx., S. 2.33.

+ Almea afterwards supported Onsum's view ; he made a number ofmicroscopical observations, and appears to have been the first who identified
oxalate of hme in the kidneys (Upsala, Lcikard forennings Fer/ian, Bd. u.
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of oxalate of lime ; no crystals are met with in the glomerules.

By not alone the microscope, , but also by chemical means, it

may be shown that the content of the kidney m oxalates is

laro-e* The urine was always albuminous and contained a

red^ucing substance, which vanished about the second day after

the dose. Hyaline casts and deposits of oxalates m the unne

never failed,t x r i 4.

S 604 Observations of the pathological effects of the oxalates

on man have been confined to cases of death from the corrosive

substances mentioned, and hence the intestinal tract has been

profoundly alfected.
^ r-

In the museum of St. Thomas' Hospital is a good example ot

the eflfects produced. The case was that of a woman who had

taken a large, unknown quantity of oxalic acid, and was brought

to the hospital dead. The mucous membrane of the gullet is

much corrugated and divided into numerous parallel grooves,

these again by little transverse grooves, so that the intersection

of the two systems makes a sort of raised pattern. It is noted

that in the recent state, the mucous membrane could be removed

in flakes : in the upper part it was whitish, in the lower slate-

coloured. The stomach has a large perforation, but placing the

specimen beside another in the same museum which lUustrates

the efi-ect of the gastric juice, in causing an after-death solution

of a portion of the stomach, I was unable to differentiate be-

tween the two. The mucous membrane had the same shreddy

flocculent appearance, and is soft and pale. The pyloric end is

said to have been of a blackish colour, and no lymph was exuded

S 605. The pathological changes by the acid oxalate ol potas^

are identical with these of oxalic acid, in both the gullet and

stomach being nearly always more or less inflamed or corroded
;
the

inflammation in a few cases has extended right through into the

intestinal canal; there are venous hyperremia,

swelling of the mucous membrane of the stomach. The hremor

rha-es are often punctiform, but occasionally larger, arranged m

owfonJhe summ^its of the ruga. ;
sometimes t^-- - ---^-J^^

bleedin-. In the greater number of cases there is no actual

* The important fact of the oxalate-content of kidneys and im^^^^ and

the expulsion of casts, was first observed
^l^^f.^^'f^jf,^^^^^ and

noticed^ in a rabbit, to which had been S//;^^,
'"S gm of o>^hc acid

^^.^^

which had died in thirteen muiutes, ^'^^^'^^ L
7^tle Mantia- in urina muUa corpora "'^'^^^"^^V^l^tJ^d^lt
anos expkse videntur" {De acidi acetici, oxabci, tartanct, cttua,Jorm ,

boracici, <0c., Berlin). . , .
.v o-^alates of iron

t Eabnteau has discovered by experiment that even
^^^^^ Gaz. Mid. de

and copper are decomposed and separated by the kidnejs.

Paris, 1874.
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erosion of tlie stomach, but the inner layer appears abnormally

transparent. On examining the mucous membrane under the

microscope, Lesser* has described it as covered with a layer which

strongly reflects light, and is to be considered as caused by a fine

precipitate of calcic oxalate. Lesser was unable to find in any

case oxalic acid crystals, or those of the acid oxalate of potash.

There are many cases of perforation on record, but it is ques-

tionable whether they are not all to be regarded as jjost-mortem

efiects, and not life-changes ; at all events, there is little clinical

evidence to support the view that these perforations occur during

life. In the case (mentioned ante), in which death took place

by coma, the brain was hyper^mic. The kidneys, as in the case

of animals, show the white zone, and are congested, and can be
proved by microscopical and chemical means to be rich in

oxalates.

§ 606. Separation of Oxalic Acid from Organic Substances,

the Tissues of the Body, d-c.—From what has been stated, no
investigation as to the cause of poison, when oxalic acid is

suspected, can be considered complete, unless the analyst has
an opportunity of examining both the urine and the kidneys

;

for although, in most cases—when the acid itself, or the acid
potassic salt has been taken—there may be ample evidence, both
chemical and pathological, it is entirely difiierent if a case of
poisoning with the neutral sodic salt should occur. In this
event, there may be no congested appearance of any portion of
the intestinal canal, and the evidence must mainly rest on the
urine and kidneys.

Oxalic acid being so widely distributed in the vegetable
kingdom, the expert must expect, in any criminal case, to be
cross-examined by ingenious counsel, as to whether or not it was
possible that the acid could have entered the body in a rhubarb-
pie, or accidentally through sorrel mixed with greens, &c.
To meet these and similar questions it is important to identify,
if possible, any green matters found in the stomach. In any
case it must be remembered, that although rhubarb has been
eaten for centuries, and every schoolboy has occasionally chewed
small portions of sorrel, no poisoning has resulted from these
practices. When oxalic acid has been taken into the stomach,
it will invariably be found partly in combination with lime,
soda, ammonia, &c., and partly free ; or if such antidotes as chalk
has been administered, it may be wholly combined. Vomitino-
is nearly always present, and valuable evidence of oxalic acid
may be obtained from stains on sheets, carpets, &c. In a recent

* Virchow's Archiv, Bd. Ixxxiii., S. 218, 1881.
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case of probably suicidal poisoiiiug, tbe writer found no oxalic

acid in the contents of the stomach, but some was detected in

the copious vomit which had stained the bed-clothes. The urine

also contained a great excess of oxalate of lime—a circumstance

of little value taken by itself, but confirmatory with other

evidence. If a liquid is strongly acid, oxalic acid may be

separated by dialysis from organic matters, and the clear fluid

thus obtained precipitated by sulphate of lime, the oxalate

of lime being identified by its microscropic form and other

Oll3(I*£LCtGI"S •

The usual general method for the separation of oxalic acid

from organic substances or mixtures is the following :—Extract

with boiling water, filter (which in some cases must be difficult

or even impossible), and then precipitate with acetate of lead.

The lead precipitate may contain, besides oxalate of lead, phos-

phate, chloride, sulphate, and various organic substances and

acids. This is to be decomposed by sulphuretted hydrogen, and

on filtering of£ the sulphide of lead, oxalic acid is to be tested for

in the filtrate. This process can only be adopted with advan-

t&cfe in a few cases, and is by no means to be recommended as

o-enerally applicable. The best general method, and one w^ch

insures the separation of oxalic acid, whether present as a free

acid, as an alkaHne, or a calcic oxalate, is perhaps the foUo^mg

:

—The substance or fluid under examination is digested with

hydrochloric acid until a fluid capable of filtration is obtained

;

the free acid is neutralised by ammonia in, very sHght excess,

and permitted to deposit, and the fluid is then carefully decanted,

and the deposit thrown on a filter. The filtrate is added to the

decanted fluid, and precipitated with a slight excess of acetate ot

lime—this precipitate, like the first, being collected on a filter.

The first precipitate contains all the oxalic acid which was m
combination with lime ; the second, all that which was in the

free condition. Both precipitates should be washed with acetic

acid The next step is to identify the precipitate which is

supposed to be oxalate of lime. The precipitate is mto

a beaker, and dissolved with the aid of heat by adding, drop

by drop, pure hydrochloric acid ; it is then reprecipitated by

ammonia, and allowed to subside completely ^l^^^^JJ^^^ ^^f.
some time. The supernatant fluid is decanted, and the prmpi

tate washed by subsidence ; it is lastly dried over water-ba^

in a tared porcelain dish, and its weight token. The substance

is then identifled by testing the dried powder as ^Ho^;^^ :-

(a.) It is whitish in colour, and on ignition in a platinum^
leaves a grey carbonate of lime. All other organic salts of lime

—viz., citrate, tartrate, ctc.-on ignition become coal-black.
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some
(b ) A portion suspended in water, to winch is added

sulphuric acid, destroys the colour of permanganate of potash—

the reaction being similar to that on p. 481—a reaction by

which, as is well known, oxalic acid or an oxalate may be con-

veniently titrated. This reaction is so peculiar to oxalic acid,

that there is no substance with which it can be confounded, it

is true that uric acid in an acid solution equally decolorises

permanganate, but it does so in a different way ;
the reaction-

between oxalic acid and permanganate being at first slow, and

afterwards rapid, while the reaction with uric acid is just the

reverse—at first quick, and towards the end of the process

extremely slow.

(c.) A portion placed in a test-tube, and warmed with con-

centrated sulphuric acid, develops on warming carbon oxide

and carbon dioxide ; the presence of the latter is easily shown

by adapting a cork and bent tube to the test-tube, and leading

the evolved gases through baryta water.

§ 607. Oxalate of Lime in the Urine.—This well-known urinary

sediment occurs chiefly as octahedra, but hour-glass, contracted

or dumb-bell-like bodies, compound octahedra, and small, flattened,

bright discs, not unlike blood discs, are frequently seen. It may
be usually identified under the field of the microscope by its

insolubility in acetic acid, whilst the ammonio mag. phosphate,

as well as the carbonate of lime, are both soluble in that acid.

From urates it is distinguished by its insolubility in warm
water. A chemical method of separation is as follows :—The
deposit is freed by subsidence as much as possible from urine,

washed with hot water, and then dissolved in hydrochloric acid

and filtered; to the filtrate ammonia is added in excess. The
precipitate may contain phosphates of iron, magnesia, lime, and

oxalate of lime. On treatment of the precipitate by acetic acid,

the phosphates of the alkaline earths (if present) dissolve, the

insoluble portion will be either phosphate of iron, or oxalate of

lime, or both. On igniting the residue in a platinum dish, any

oxalate will be changed to carbonate, and the carbonate of lime

may be titrated with d. n. HOI acid and cochineal solution, and
from the data thus obtained the oxalate estimated. The iron

can be tested qualitatively in the acid solution by ferrocyanide

of potash, or it can be determined by the ordinary methods. If

the qualitative detection of oxalate of lime in the deposit is alone

required, it is quite sufiicient evidence should the portion insol-

uble in acetic acid, on ignition in a platinum dish, give a residue

effervescing on the addition of an acid.

§ 608. Estimation of Oxalic Acid.—Oxalic acid is estimated in

the free state by direct weighing, or by titration either with
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alkali or by potassic permanganate, the latter being standardised

by oxalic acid. If (as is commonly the case) oxalic acid is pre-

cipitated as oxalate of lime, the oxalate may be

—

(a.) Dried at 100° and weighed directly, having the properties

already described.

(b.) Titrated with dilute sulphuric acid and permanganate.

(c.) Ignited, and the resulting carbonate of lime weighed; or

dissolved in standard acid and titrated back—one part of calcic

carbonate corresponds to 1-26 part of crystallised oxalic acid, or

•88 part of CgO^
;
similarly, 1 cc. of standard acid equals -05 of

calcic carbonate (or -063 of crystallised oxalic acid).

(d.) The oxalate may be dissolved in the smallest possible

amount of hydrochloric acid, and boiled with ammonio chloride

of gold, avoiding exposure to light
;
every part of gold precipi-

tated corresponds to -961 parts of crystallised oxalic acid.

(e.) The oxalate may be placed in Geissler's carbonic acid

apparatus, with peroxide of manganese and diluted sulphuric

acid. The weight of the gas which at the end of the operation

has escaped, will have a definite relation to that of the oxalate,

and if multiplied by 1-4318 will give the amount of crystallised

oxalic acid.

CERTAIN OXALIC BASES-OXALMETHYLINE-
OXALPROPYLINE.

§ 609. Hugh Schulz* and Mayer have recently contributed the results of

some important researches bearing upon a more exact knowledge of the

effects of the oxalic group of poisons, and upon the relation between

chemical constitution and physiological effects. They experimented upon

oxalmethyline, chloroxcthnethyline, and oxalpropyline.

CJiloroxalmethyline (CeHgClNa) is a liquid, boilmg at 205°, with a weakly

narcotic smell. A solution of the hydrochlorate of the base was employed.

Subcutaneous injections of -05 grm. into frogs caused narcosis, and both

this and the ethylic compound deranged the hearts action, decreasing

the number of beats. Thus "05 grm. decreased the number of the beats

of the heart of a frog in the course of one and thi-ee-quarter hours, as

follows : 72, 60, 56, 50, 44, 40, 35, 0.
_ „p„,n,,a

Oxalmethyline produces somewhat similar symptoms,
_
but the ne^^ous

system is more affected than in that which contains chlorine.

Oxalpropyline also causes narcosis, and afterwards paralysis of the lunaer

extremities and slowing of the heart.
1

1 • „ „„„fo;,i;nff
The difference between the chlorme-free and the chlorine-contaming

oxalic bases arc suimnarised as follows :

—

* Beltraq air Kenntniss der Wirhmg der Oxalbasen auf den Thierkorper.

Arch./. Exper. Path. u. Pharin., 1882.
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FEOGS.

Chlokine-Holding Bases. Chloeine-Fhee Bases.

Notable narcosis; no heightened Narcosis occurs late, and is little

reflex action, muscular cramps, nor pronounced ; a notable increase of

spontaneous convulsions. reflex excitability ; more and more
muscular paralysis ; between times,

muscular cramps.

CATS.

Notable narcosis and salivation ; Great excitement
;
general shiver-

no mydriasis; convulsions andparaly- ing, rising to pure clonic convulsions
;

sis ; no change in the respirations. paralysis of the hind legs ; notable
mydriasis, jerking, and superficial

respiration ; weak narcosis.

DOGS.

Notable narcosis ; occasional vomit- Narcosis evident ; the rest as in
ing ; the rest as in cats. cats.



PART VIII -INORGANIC POISONS.

I —PRECIPITATED FROM A HYDROCHLORIC ACID

SOLUTION BY HYDRIO SULPHIDE—PRECI-

PITATE YELLOW OR ORANGE.

ARSENIC—ANTIMONY—CADMIUM.

1. AESENIC.

8 610. Metallic Arsenic, at. wt. 75, specific gravity of
_

solid

5-62 to 5-96, sublimes without fusion in smaU quaiitities at

110° (230° F ) Guy. It occurs in commerce ml whitish-grey,

somewhat brittle, crystaUine masses, and is obtained by subjecting

arsenical pyrites to sublimation in earthen retorts, the arsenic

beinc. deposited in suitable receivers on sheet iron, in tHe

course of analysis, however, it is usually seen as a film on copper

a stain on porcelain, or a metallic ring m the interior of glass

tubes: the distinctive marks of these stains are described, p. 5^b.

Metallic arsenic is probably not poisonous, but may be changed

bv the animal fluids into soluble compounds, and then exert

toxic effects—volatUised metallic arsenic is transformed into

arsenious acid, and is therefore intensely poisonous^

§ ?11. Arsenious Anhydride-Arsenious ^'^^d-^^^fj''!^^^
Arsenic As,0, = 198; specific gravity of vapour, 13-8o

,
specitic

gra"ty\f 0^ 3-699; specific favity of transparent

variety, 3-7385. Composition in 100 parts, As .5-/ 5 0 A .5 ,

therefore one part of metallic arsenic equals 1-32 olASaUg.

In analysis it is obtained in
^^^f^ ''^1 h^^^^^^^

sublimate on discs of glass, or withm tubes, ^1^^
^^^^^^^^^^^^

a film of metallic arsenic with access of air. It is o^tamert

commerce on a very large scale from the «ting of arse^u

pyrites. As thus derived, it is usually m the form of a wn

cake, the arsenious acid existing in two forms-an amoj^
and a crystallino-the cake being generally opaque externa j,
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whilst in the centre it is transparent. According to Kruger,

this change from the crystalline to the amorphous condition is

dependent upon the absorption of moisture, no alteration taking

place in dry air. Both varieties of arsenious anhydride are

acid to test paper.

The solubility of arsenious acid is often a question involving

chemical legal matters of great moment. Unfortunately, how-

ever, no precisely definite statement can be made on this point,

the reason being that the two varieties of arsenic occur in very

different proportions in different samples. Both the amorphous
and crystalline varieties having very unequal solubilities, every

experimenter in succession has given a diflerent series of figures,

the only agreement amid the general discrepancy being that

arsenic is very sparingly soluble in water.

The statement of Taylor may, however, be accepted as very
near the truth—viz., that an ounce of cold water dissolves from
half a grain to a grain. According to M. L. A. Buchner*, one part
of crystalline arsenious acid dissolves after twenty-four hours
digestion in 355 parts of water at 15°; and the amorphous,
under the same condition, in 108 of water. A boiling solution
of the crystalline acid, left to stand for twenty-four hours,
retains one part of acid in 46 of water ; a similar solution of the
amorphous retains one of arsenic in 30 parts of water

—

i.e.,

100 parts of water dissolve from ^-Ol to 3-3 parts of AsgOg.
Boiling water poured on the powdered substance retains in

cooling a grain and a quarter to the ounce; in other words,
100 parts of water retain -10. Lastly, arsenious acid boiled in
water for an hour is dissolved in the proportion of 12 grains to
the ounce

—

i.e., 100 parts of water retain 2-5.

§ 612. Arseniuretted Hydrogen Arsine, HgAs.—Mol. weight,
78; vol. weight, 39; specific gravity, 2-702; weight of a litre,

3-4944; percentage composition, 95-69 As, 4-31 H; volumetric
composition, 2 vol. HgAs = half vol. As + 3 vol. H. A colourless
inflammable gas, of a fa3tid alliaceous odour, coercible into a
limpid colourless liquid at a temperature of from - 30° to - 40°.

The products of the combustion of arseniuretted hydrogen are
water and arsenious acid; thus, 2H3AS -F 60 = 3H2O + As.jOg.
If supplied with air in insufiicient quantity, if the flame itself be
cooled by (for example) a cold porcelain plate, or if the gas pass
through a tube any portion of which is heated to redness, the
gas is decomposed and the metal separated. Such a decomposi-
tion may be compared to the deposit of carbon from ordinary
flames, when made to play upon a cooled surface. The gas

* Bull, de la Socidte Chem. de Paris, t, xx., 10, 1873.
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burns with a blue-white flame, which is very characteristic, and

was first observed by Wackenroder. It cannot, however, be

properly seen by using the ordinary apparatus of Marsh, for

the flame is always coloured from the glass ; but if the gas is

made to stream through a platinum jet, and then ignited, the

characters mentioned are very noteworthy.

Oxygen or air, and arseniuretted hydrogen, make an explosive

mixture. Chlorine decomposes the gas with great_ energy, com-

bining with the hydrogen, and setting free arsenic as a brown

cloud; any excess of chlorine combines with the arsenic as a

chloride. Sulphur, submitted to arseniuretted hydrogen, forms

sulphuretted hydrogen, whilst first arsenic and then sulphide of

arsenic separate. Phosphorus acts in a similar way. Arseni-

uretted and sulphuretted hydrogen may be evolved at ordinary

temperatures without decomposition; at the boiUng point of

mercury (350°) they are decomposed, sulphide of arsenic and

hydrogen being formed; thus, 3H2S + 2AsHg = AsgSj -l- GEE,, a

reaction which is of some importance from a practical point of

view. Many metals have also the property of decomposing the

gas at high temperatures, and setting hydrogen free. Metallic

oxides, again, in like manner, combine with arsenic, and set

water free, e.g., 30uO + 2H3AS = OugAsg + 3H,0.

Arseniuretted hydrogen acts on solutions of the noble metals

like phosphuretted hydrogen, precipitating the metal and setting

free arsenious acid ; for example, nitrate of silver is decomposed

thus

—

12AgN03 + 2H3AS + 3H2O = AS2O3 + I2HNO3 + 12Ag.

This reaction admits of valuable practical application to the

estimation of arsenic; for the precipitated silver is perfectly

arsenic-free; the excess of nitrate of silver is easdy got rid of by

a chloride of sodium solution, and the absorption and decom-

position of the gas are complete.
xi 1 1 j

In cases of poisoning by arseniuretted hydrogen, the blood,

when examined by the spectroscope (a process the analyst should

never omit where it is possible), is of a peculiar mky colour and

the bands between D and 0 are melted together, and have

almost vanished. Such blood, exposed to oxygen, remams

"^"^^ftu^rseniuretted Hydrogen in the Arts, d'c—ln the bronzing

of brass, in the desilverising of lead by zinc, and subsequent

treatment of the silver zinc with hydrochloric acid, in the

tinning of sheet iron, and similar processes, either trom tJie use

of acids containing arsenic as an impurity, or from the appu-
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cation of arsenic itself, arseniuretted hydrogen is evolved. Of
late years, moveover, this gas has been recognised as a source

of disease, by being emanated from wall papers which had been
strongly impregnated with arsenic, the gas resulting from the

contact of arsenious acid with organic matter.*

The researches of Fleck, ridiculed by L. Krahmer,t are con-

firmed by Sonnenschein,J who, by the aid of an aspirator, drew
the air of a room iirst through water, and then through a red-hot

glass tube, and obtained a distinct arsenical ring. They are

further attested by Hamberg, § who, in a similar manner, caused
the air of a room, the wall-paper of which was arsenical, to pass
through a solution of nitrate of silver, and obtained in the solu-

tion arsenious acid, together with some sulphide of silver
; ||

very
few solid particles being detected.

§ 614. Effects on Animals and Man of Breathing Arsine.—The
most general effect on mammals is to produce jaundice, bloody
urine, and bile. In the course of numerous experiments on
dogs, Stadelmannll found that by making them breathe a dose of
arseniuretted hydrogen, which would not be immediately fatal,

icterus was always produced under these circumstances, and could
be always detected by the appearance of the tissues. The bile
is remarkably thickened, and the theory is, that in such cases
the jaundice is purely mechanical, the gall-duct being occluded
by the inspissated bile. Rabbits experimented upon similarly
showed increased biliary secretion, but no jaundice ; while it was
proved that cats are not so sensitive to arsine as either rabbits
or dogs. There are not wanting instances of arsine having been
breathed by man—the discoverer of the gas, Gehlen, was in fact
the first victim on record. In order to discover a flaw in his
apparatus he smelt strongly at the joints, and died in eight days
from the effects of the inhalation.
Nine persons, workmen in a factory, were poisoned by arseni-

uretted hydrogen being evolved during the treatment by hydro-
chloric acid of silver-lead containing arsenic. Three of the nine
died, their symptoms were briefly as follows :

—

(1.) H. K., 22 years old ; his duty was to pour hydrochloric
acid on the metal. Towards mid-day, after this operation, he

* Fleck, Zcituchr. fur Biologic, Bd. viii., p. 445.
+ Handhnck der StaalH-Arzneikunde, ii., 455.
+ Sonnenscliein, Handbv.ch der OerichtUchen Chem'tp..

§ Pharm. Journ. Traim. p. 81-83.

II
The unpleasant odour often possessed by Schweinfurt green papers

appears to be due to the decomposition of the acetic acid by moistui-e and
mould, with the formation as a principal product of propionic acid
^'^ I^}*^ ^^•'^'^nwassersloff-Vergiftung, Archiv f. Exper. Path, u Pharm
Leipzig, 1882,

".»"€..

32
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complained of nausea, giddiness, and malaise. In the afternoon,

he felt an uncommon weight of the limbs, and an oppression in

breathing. His fellow-workmen thought that he looked yellow.

On croing home he lay down and passed into a narcotic .sleep.

Next morning he went to his work as usual, but was not capable

of doing anything ; he passed bloody urine several times through-

out the day, and fell into a deep sleep, from which he could

scarcely be roused. On the third day after the accident,

a physician called in found him in a deep sleep with well-

developed jaundice, the temperature moderately high, pulse 100

On the fifth day the jaundice diminished, but it was several

months before he could resume his work.

(2 ) J T a^ed 19, sufi"ered from similar symptoms after five

and a half hours' exposure to the gas. He went home, vomited,

was iaundiced, and suffered from bloody urine; m six days be-

came convalescent, but could not go to work for many months.

(3 ) 0 E. was very little exposed, but was unwell for a tew days.

(4 ) L M., 37 years old, was exposed two days to the gas

;

he vomited, had bloody urine, passed into a narcotic sleep, and

died in three days from the date of the first exposure

(5 ) J S., aged 40, was exposed for two days to the gas
;
the

symptoms were similar to No. 4, there was suppression of urme,

the catheter drawing blood only, and death m eight days.
_

(6.) M. E., 36 years old; death in three days with similar

symptoms.^^^^

(9) suffered like Nos. 1 and 2, and recovered after

several months. „„ir.iiv

The chief post-mortem appearance was a dirty-green colour oi

the mucous membrane of the intestines, and congestion oi the

kidneys. Arsenic was detected in all parts of the body.

Two cases are detailed by Dr. Valette in Tardieu's " Etude.

A mistake occurred in a laboratory, by which a solu^mn «1

arsenic (instead of sulphuric acid) was poured on ^^^^
^^^T an

hydrogen. Of the two sufferers, the one recovered af ei an

illness°of about a week or ten
_
days, the other d;«d at t^^^

of twenty-eight days. The main symptoms
^^'^'^ Ĵ.^f^rA^^"

skin, voiiti^ig, bloody urine, great depression,

headache ancf in the fatal case a morbiliform eruption, in i

te rec^^ded in the British Medical Journal, ^^^^"^
there were none of the usual symptoms of

Sf^^}^
^''^^''''''

loss of memory of recent acts, drowsiness, and giddiness.

* Trost.

des Silbers



§ 615-618.] AESENIC. 499

§ 615. The Sidphides of Arsenic.—Of the sulphides of arsenic,

two only, realgar and orpiment, are of any practical importance.

Realgar, As2S2 = 214; specific gravity, 3-356; composition in

100 parts. As 70-01, S 29-91
;
average composition of commercial

product. As 75, S 25. Realgar is found native in ruby-red

crystals, and is also prepared artificially by heating together 9

parts of arsenic and 4 of sulphur, or 198 parts of arsenious

anhydride with 112 parts of sulphur, 2AS2O3 + 78 = 2AS2S2 + 3SO2.

It is insoluble in water and in hydrochloric acid, but is readily

dissolved by potassic disulphide, by nitric acid, and by aqua
regia. It is decomposed by caustic potash, leaving undissolved
a brown sediment (AsjgS), which contains 96-5 per cent, of

arsenic.

§ 616. Orpiment, or Arsenic Trisulphide.—As2S3 = 246
;
specific

gravity, 3-48; composition in 100 parts, As 60-98, S 39-02;
found native in crystals, presents itself in the laboratory usually
as a brilliant yellow amorphous powder, on passing sulphuretted
hydrogen through an acid solution of arsenious acid or an
arsenite. It is very insoluble in water (about one in a million,
Fresenius), scarcely soluble in boiling concentrated hydrochloric
acid, and insoluble generally in dilute acids. Red fuming
nitric acid dissolves it, converting it into arsenic and sulphuric
acids ; ammonia and other alkaline sulphides, the alkalies them-
selves, alkaline carbonates, bisulphide of potash, and aqua regia,
all dissolve it readily. In the arts it is used as King's yellow
(see p. 502). Tanners also formerly employed a mixture of 90
parts of orpiment and 10 of quicklime, under the name of
Eusma, as a depilatory; but the alkaline sulphides from gas-
works are replacing this to a great extent.

§ 617. Haloid Arsenical ComjMunds.—The Chloride of Arsenic,
AsCl3 = 181-5; specific gravity liquid, 0° 2-205; boiling point,
134° (273-2° F.), is a heavy, colourless, oily liquid, which has
been used as an escharotic in cancerous afiections (principally
by quacks). In one process of detecting and estimating arsenic,
the properties of this substance are utilised (see p. 542). It
is immediately decomposed by water into arsenious and hydro-
chloric acids.

The Iodide of Arsenic (Aslg) is used occasionally in skin diseases,
but IS of little interest to the analyst ; it is commonly seen in
the form of brick-red brilliant flakes.

§ 618. Arsenic in the Arts.—The metal is used in various
alloys

;
for example, speculum metal is made of tin, copper, and

a little arsenic
; white copper is an alloy of copper and arsenic •

shot IS composed of 1000 parts of lead mixed with 3 of arsenic •

the common Britannia metal used for tea-pots, spoons, &c., often
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contains arsenic ; and brass is bronzed with a thin film of arsenic

It was formerly much employed in the manufacture of glass, but

is being gradually superseded. It is also now used to some

extent in the reduction of indigo blue, and m that of nitro-

benzole in the manufacture of aniline.

In cases of suspected poisoning, therefore, and the finding ot

arsenic in the stomach, or elsewhere, it may be set up as a

defence that the arsenic was derived from shot used m the

cleansing of bottles, from the bottles themselves, or from metal

vessels, such as tea-pots, &c.
i

•
i 1 1„ „„„

The arsenic in all these alloys being extremely insoluble, any

solution to a poisonous extent is in the highest degree im-

probable. It may, however, be necessary to treat the vessels

with the fluid or fluids which have been supposed to exert this

prejudicial action, and test them for arsenic. The treatment

should, of course, be of a severe and exliaustive character, and

the fluids should be allowed to stand cold m the vessels for

twenty-four hours; then the effect of a gentle heat should be

studied, and, lastly, that of boiling temperatures. The analysis

of the alloy itself, or of the glass, it would seldom be of value to

undertake, for the crushed and finely divided substance is m a

condition Very different from that of the article when entire,_and

27ences drawn from such analytical data would be fal acious^

It does not matter one iota to us that the vessels out of which

we drink are made of metallic arsenic, provided that under all

possible domestic conditions the arsenic is insoluble

^
Arsenious anhydride is also used for the preservation of wood,

ant is thrown o'ccasionally into the holds of

quantities to prevent vegetable decomposition. I^dia

a solution of arsenic is applied to the walls as a wash, m order

to nrevent the attacks of insects.
„

feig- PAar.«*^-««?> Non-offioinal, and otJ^
Pt^P^^Z'TJi

Arsenic ^(1.) Pharmaceuticcd Pre/mm<ions.-The Liquor arsem^

iMFowler's solution), or solution of arsenic of the pharma-

copoeia, is composed of—

Carbonate of Potnsli, . • •

jr.ll ^T^'

!

cJm~dTtcture of Lavender. \
5dracluns(17-72cc.)

dissolved in 1 pint (567-9 cc.) ^^^'^^^.'^^^^^^

Contains 4 grains of arsenious acid (or 100 cc. -^^W:
The hyirochloric solution of arse>nc -^.-'^P^y,^^^^:,"^^

dissolved in hydrochloric acid ; its strength should be exactly

same as that of Fowler's solution.
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A solution of arseniale of soda '* contains the anhydrous salt in

the proportion of 4 grains to the ounce (-9 in 100 cc.) of water.

Donovan's Solution of Arsenic.—This is not officinal, but is

used to some extent in skin diseases ; it appears to be a solution

of the iodides of mercury and arsenic ; 100 cc. contain about -152

grm. of metallic arsenic, or each fluid drachm contains -086

grains.

Arseniate of Iron, Fe3As208, is an amorphous green powder,

used to some extent in medicine. It should contain 33-6 per

cent, of metallic arsenic.

(2.) Veterinary Arsenical Medicine.—Common veterinary pre-

parations containing arsenic are :—A ball for worms, containing

in parts

—

Calomel, 1 '3 per cent.

Arsenious Acid, . . . I'S ,,

TinFUings, .... 77-9

Venice Tiu'pentine t . . 19 "5

A common tonic ball :— 1

Arsenious Acid, . . 5 to 10 grains (•324 to •648 grm.)
Aniseed, . . . -^ot,. (14'1744 grms.)
Opium, . . . 30 grains ( 1'94 ,, )

Treacle, ... c[. s.

An arsenical ball, often given by grooms to horses for the
purpose of improving their coats, contains in 100 parts

—

Arsenious Acid, . . . 2 '5 per cent.

Pimento, .... 19-2 „
Extract of Gentian, , . 78-3 ,,

Another ball in use is composed of arsenic and verdigris
(acetate of copper), of each 8 grains (^518 grm.)

;
cupric sulphate,

20 grains (1-3 grm.)
; q. s. of linseed meal and treacle.

(3.) Rat and Fly Poisons, c&c—An arsenical paste sold for rats
has the following composition :

—

Arsenious Acid, . . . 5'0 per cent.
Lampblack, .... '6

,,

Wheat Flour, . . . . 46-3
,,

Suet, 46-3
Oil of Aniseed, a small quantity.

* The formula for arseniate of soda is Na2HAs047H20, but it sometimes
contains more water.

t The Venice turpentine is rarely found in ordinary commerce, what is
sold under that name consisting of black resin and oil of turpentine.

t A similar preparation iti common use has the addition of sulphate of
zinc.
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Another rat poison is composed as follows :

—

White Arsenic,

Carbonate of Baryta,

Rose-pink,*
Oil of Aniseed,

Oil of Rhodium,

46 "8 per cent.

46 -S

5-8
•2

•o

Various arsenical preparations are used to kill flies ;
the active

principle of the brown "pa2ner moure " is arsenious acid. A dark

erev powder, which used to be sold under the name of fly-

powder, consisted of metallic arsenic that had been exposed some

time to the air. . , r ^
Fly-water is a strong solution of arsenious acid of uncertain

strength, sweetened with sugar, treacle, or honey. Another fly-

poison consists of a mixture of arsenious acid, tersulphide of

arsenic, treacle, and honey.
eo^^v^l

(4.) Quack Mstntms.—The analyst may meet with several

quack preparations for external use in cancer. A celebrated

arsenical paste for this purpose is composed ol—

Arsenious Acid, . . . • 8 per cent.

Cinnabar, no
"

Dragon's Blood, . . • • ^- "

A pill, used by unprofessional persons as a preventive of

hydrophobia (!) is composed of ^ to ^\ (4 to 54 ^g™«-) of a

gSn of arsenic and a grain of common pepper. A similar pill is

Trrnch used in the East Indies. .

The tasteless ''ague drops" used in the fen countries are

simply a solution of arsenite of potash.

Liidson's Cancer Remedy consists, according to Dr. Pans, of

enual parts of arsenious acid and powdered hemlock.

^?n India, arsenic given as a medicine by native practitioners,

or admSistered as a poison, may be found coloured and impure

from having been mixed either with cow's urme, or with the

^"SsllruracS'is used by dentists to destroy tjie nervous

pulp of decayed and painful teeth, about the twenty-fifth of a
pulp

. laced in the cavity. There is no

fZ^ oi Tif; acli&Wng resulted from this^ract.ce

hiSertoVbut^since the dentist seldom weighs the arsenic, it is

not altogether free from danger.
i „ Ac thp trisul-

* Alum and carbonate of lead coloured with Brazil and peach woods.

+ Chever, Med. Jurisprudence /or India, p. no.
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80 to 90 per cent, of arsenious acid, and in such a case is, of

course, more poisonous. King's yellow, if pure, yields to water

nothing which gives any arsenical reaction.

A blue pigment, termed mineral blue, consists of about
.
equal

parts of arsenite of copper and potash, and should contain 38-7

per cent, of metallic arsenic ( = to 51-084 AS2O3H), and 15-6 of

copper.

Schioeinfurt green (Syn. Emerald-green), (CuAs2O4)3Cu(02H3O2)2

is a cupric arsenite and acetate, and should contain 25 per cent,

of copper, and 58-4 per cent, of arsenious acid. In analysis, the

copper in this compound is readily separated from the arsenic

by first oxidising with nitric acid, and then adding to the nitric

acid solution ammonia, until the blue colour remains undis-

solved. At this point ammonium oxalate is added in excess, the

solution is first acidified by hydrochloric or nitric acid, and, on
standing, the copper separates completely (or almost so) as

oxalate, the arsenic remaining in solution.

Scheele's green (CuHAsOg) is a hydrocupric arsenite, and con-

tains 52-8 per cent, of arsenious anhydride, and 33-8 per cent, of

copper.

(6.) External Application of Arsenic for Sheep, &c.—Many of

these are simply solutions of arsenic, the solution being made by
the farmer. Most of the yellow sheep-dipping compounds of

commerce are made up either of impure carbonate of potash, or

of soda ash, arsenic, soft soap, and sulphur. The French bain

de tersier is composed of

—

Arsenious Acid, . . , I'OOkgrms.
Ferrous Sulphate, . . . 10-00 ,,

Peroxide of Iron, . . . 0*40 ,,

Gentian Powder, . . . 0'20 ,,

This is to be added to 100 kgrms. of water. Another common
application consists of alum and arsenic (10 or 12 to 1), dissolved
in two or three hundred parts of water.

(7.) Arsenical Soaps, etc.—Arsenic is used in preserving the
skins of animals. One of the compounds for this purpose,
known under the name of Becoeur's arsenical soa]^, has the
following composition :

—

Camphor, .... 3-4 per cent.
Arsenic, . . . . 20-2

,,

Carbonate of Potash, . . 56 '2 ,,

Lime,* 20'2
,,

* The dust from the preserved .skins of animals has caused, at least, one
case of poisoning. Ann. d'ffyg. Pub. et de M6d. L6g., 2 ser., 1870, t. xxxiii.
p. 314.

'
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(8.) Arsenical compounds used in pyrotechny :

—

Blue fires — (1.) Realgar,
Charcoal,

Potassic Chlorate,

Sulphur,
Nitrate of Baryta,

40-9
36-8
12-3

5

2
3
5
13
7

(2.) Sulphur,
Nitre, .

Sulphide of Antimony,

,, Arsenic,

Charcoal,

Green fires — Metallic Arsenic,

Charcoal,

Chlorate of Potash,
Sulphur,
Nitrate of Baryta,

Light green fire—Charcoal,

Sulphide of Arsenic,

Sulphiir,

Chlorate of Potash,

Nitrate of Baryta,

White fire — (1.) Arsenious Acid, .

Charcoal,

Sulphide of Antimony,
Nitrate of Potash,

Sulphur,

(2.) Realgar, .

Sulphur,
Nitrate of Potash,

§ 620. Statistics of Poisoning by Arsenic

the five years ending 1880, in 1581 cases

causes, 37 males and 30 females are registered as having died

from arsenical poisoning. Of these deaths 28 (41-7 per cent.)

were suicidal; 2 children were murdered by arsenic; the re-

maining 37 (55-2 per cent.) were due to accident or negligence.

With r'eo-ard to the ages, 3 only were under 5 years of age

:

32 or about one-half, were between 20 and 45; 16 between

45' and 75 ; and 3 above 75 years of age. Husemann collected

183 cases of arsenical poisoning; of these 89 (48-5 per cent.)

were either suicidal or murderous, the data relative to 6 were

wanting, the remainder were accidental ; of the 183, 81 (44 per

cent.) proved fatal. If the same proportion holds good in

England, then the 67 deaths from arsenical poisoning would be

equivalent to 175 cases.

PartB.

2
3
5
13
77

1-75

1-75

10-50

23-25
62-50

•76

1-63

12-27
36-59
48-75

6-1

21-2

72-7

—In England, during

of poisoning from all
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§ 621. Law Relative to the Sale of Arsenic-—By the 14th of
Yict. c. 12, every person selling arsenic is bound to keep a
written record of every particular relative to each transaction,
such as the name, abode, and calHng of the purchaser, the
purpose for which the poison is required, and the quantity sold,
<fec. These particulars are to be signed also by the purchaser.
No person (sec. 2) is allowed to sell arsenic to any one unknown
to the seller, unless in the presence of a witnsss, whom the seller
is_ acquainted with. The arsenic sold (sec. 3), is to be mixed
with soot or indigo in the proportion of half an ounce of indiga
to a pound of arsenic. It, therefore, follows that the coloured
substance should not contain more than 70 per cent, of arsenious
acid.

_

The Act applies to all the colourless preparations of
arsenic

:
but it is not to affect chemists in making up prescrip-

tions for medical men, or in supplying medical men ; nor is it
to affect the wholesale dealers in supplying arsenic to retail
shops, kc. The penalty for conviction is £20, or less. Com-
mercial arsenic is often much adulterated, especially with gypsum,
chalk, &c. These are most readily detected by subliming the
arsenic. The sublimed arsenic itself may not be entirely pure,
sometimes containing arsenical sulphides and antimonious oxide!

§ 622. Dose.—The smallest dose of arsenic known to have
proved fatal to a human being is -16 grm. (2i- grains). Farriers
and grooms are in the habit of giving as "'much as 1-3 o-rm
(20 grains) a day to a horse, so that the poisonous dose for'this
animal must be very large.

oo^?^
maximum dose for the horned cattle appears to be from

-.32 to -38 grm. (.5 to 6 grains) ; that for a dog is 16 mgrms.

^^If'^^1,''^'! ^^^^ ^=^7' "1 tlie smaller kinds, cause illness.
Ihe following may be considered as dangerous doses of arsenic:-13 grm (2 grains) for an adult; 1-9 grm. (30 grains) for a

horse; -64 grm. (10 grams) for a cow; and 32 to 64 mgrms.
to 1 gram) for a dog.

*

§ 623. Effects of Arsenious Acid on Flants.—lf the root or stem
oi a plant is immersed in a solution of arsenious acid, the hue of
the leaves soon alters in appearance, the green colour becomes ofa whitish or brownish hue, and the plant withers; the effect
being very similar to tliat produced by hot water. The toxic
action may be traced from below upwards, and analysis will
(tetect minute quantities of arsenic in all portions of the plant

it has, however, been shown by Gorup-Besanez,* that if

earth, they only take up inhmtesmal quantities of arsenicHence, m cases of cattle poisoning, any defence based upon the
* Annul, d. C'hemie it. Pharmacie, Bd. cxxvii., H. 2, 243.
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alleged presence of arsenic in the pasture will be more ingenious

than just.

The influence of arsenical fumes as evolved from manufactories

upon shrubs and trees is in general insignificant. Pines and firs,

five to six years old, have been known to sulfer from a disease in

which there is a shedding of the leaves, the more tender herbage

being at the same time afi"ected. Whatever dangers the practice

of steeping corn intended for seed in a solution of arsenious acid,

as a preventive of " smut," may possess, it does not appear to in-

fluence deleteriously the growth of the future plant.

Superphosphate of manure is frequently rich in arsenic. Dr.

Edmund Davy asserts tliat plants to which such manure is

applied take up arsenic in their tissues, and M. Andonard has

made a similar statement. Tuson* has also undertaken some

experiments, which confirm Andonard and Davy's researches.

The bearing of this with relation to the detection of arsenic in

the stomachs of the herbivora needs no comment.

§ 624. Efects on Animal Life—Animalcules.—All infusoria

and forms of animalcule-life hitherto observed, perish rapidly if a

minute quantity of arsenious acid is dissolved in the water in

which they exist.

Insects.—The common arsenical fly-papers aff'ord numerous

opportunities for observing the action of arsenic on ordinary

flies ; within a few minutes (five to ten after taking the poison

into their digestive organs) they fall, apparently from paralysis

of the wings, and die. Spiders and all insects into which the

poison has been introduced exhibit a similar sudden death. It

is said that in the neighbourhood of arsenical manufactures there

is much destruction among bees and other forms of insect life.

Annelids.—U arsenious acid is applied to the external surface

of worms or leeches, the part which it touches perishes first, and

life is extinguished successively in the others. If a wound is

made first, and the arsenious acid then applied to it, the eflects are

only intensified and hastened. There is always noticed an auginen-

tation of the excretions ; the vermicular movements are at first

made more lively, they then become languid, and death is very

^^^ivS—The symptoms with birds are somewhat diflerent, and

vary according to the form in which the poison is administered—

viz., whether as a vapour or in solution. In several experiments

made by Eulenberg on pigeons, the birds were secured under

glass shades, and exposed to the vapour of metallic arsenic

vaporised by heat. It is scarcely necessary to remark that in

* Coo\oy'B Dictionary, Art. "Arsenic."
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operating in this way, the poisoning was not by metallic arsenic

vapour, but by that of arsenious acid. One of these experiments
may be cited :—A pigeon was made to breathe an atmosphere
charged with vapour from the volatilisation of metallic arsenic.

The bird was immediately restless ; in thirty minutes it vomited
repeatedly, and the nasal apertures were noticed to be moist

;

after a little while, the bird, still breathing the arsenious acid
atmosphere, was much distressed, shook its head repeatedly, and
yawned ; in fifty minutes the respiration was laboured, and in
fifty-nine minutes there was much vomiting. On removing the
bird, after it had been exposed an hour to the vapour ('IG grm.
of metallic arsenic having been evaporated in all), it rapidly
recovered.

Six days after, the pigeon was again exposed in the same way
to the vapour, but this time -56 grm. of metallic arsenic was
volatilised. In fifteen minutes there was retching, followed by
vomiting. On taking it out after an hour it remained very quiet,
eat nothing, and often puffed itself out; the breathing was
normal, movements free, but it had unusual thirst. On the second
and third day the excretions were frequent and fluid ; the cardiac
pulsations were slowed, and the bird was disinclined to move.
On the fourth day it continued in one, place, puffing itself out;
towards evening the respirations slowed, the beak gaping at every
inspiration. On attempting flight, the wings fluttered and the
bird fell on its head. After this it lay on its side, with slow,
laboured respiration, the heart-beats scarcely to be felt, and
death took place without convulsions, and very quietly. On ex-
amining the organs after death, the brain and spinal cord were
very bloodless

; there were ecchymoses in the lungs ; but little
else characteristic. The experiment quoted has a direct bearing
upon the breathing of arsenical dust

;
as, for example, that which

floats m the air of a room papered with an easily detached
arsenical pigment. Other experiments on birds generally have
shown that the symptoms produced by arsenious acid in solution,
or m the solid form, in a dose insufficient to destroy life, are
languor, loss of appetite, and the voidance of large quantities of
liquid excreta like verdigris. With fatal doses, the bird remains
quiet

;
there are fluid, sometimes bloody, excretions

; spasmodic
movements of the pharynx, anti-peristaltic contraction of the
oesophagus, vomiting, general trembling of the body, thirst,
erection of the feathers, and laboured respiration. The bird
becomes very feeble, and the scene mostly closes with insensibility
and convulsions.

_
Mammals, such as cats, dogs, &c., sufler from symptoms fairly

Identical with those observed in man j but the nervous symptoms
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(according to P. Hugo) do not predominate, while with rabbits

and guinea-pigs, nervous symptoms are more marked and con-

stant.* There are vomiting, purging, and often convulsions and
paralysis before death. It has been noticed that the muscles after

death are in a great state of contraction. The slow poisoning

of a dog, according to Lolliot,t produced an erythematous erup-

tion in the vicinity of the joints, ears, and other parts of the

body ; there were conjunctivitis, increased lachrymal secretion,

and photophoba ; the hair fell off.

§ 625. Effects of Arsenious Acid on Man.—The symptoms pro-

duced by arsenious acid vary according to the form of the poison
—^whether solid, vaporous, or soluble—according to the condition

of bodily health of the person taking it, and according to the

manner in which it is introduced into the animal economy, while

they are also in no small degree modified by individual peculia-

rities of organisation and by habit, as, for instance, in the

arsenic-eaters.

Arsenic-Eaters.—In all European countries grooms and horse-

dealers are acquainted with the fact that a little arsenic given

daily in the corn improves the coat, increases, probably, the

assimilation of the food, and renders the horse plump and fat.

On the Continent grooms have been known to put a piece of

arsenic, the size of a pea, in a little oatmeal, make it into a

ball, tie it up in a linen rag, and attach it to the bit, the saliva

dissolves, little by little the poison, while both the gentle irrita-

tion and physiological action excite a certain amount of salivation,

and the white foam at the mouth, and the champing of the horse,

are thought vastly to improve the appearance. Shot, which con-

tains a small quantity of arsenic, have been used for the same

purpose, and from half a pound to a pound of small shot has

been given to horses. When a horse has been for a long time

dosed with arsenic, it seems necessary to continue the practice;

if this is not done, the animal rapidly loses his condition. The

explanation probably is that the arsenic stimulates the various

cells and glands of the intestinal tract to a superaction, the

natural termination of which is an enfeeblement of their secreting

power—this especially in the absence of the stimulus. Turmng

from equine involuntary arsenic-eaters, we find the strange

custom of arsenic eating voluntarily pursued by the races of

lower Austria and Styria, especially by those dwelling on the

mountains separating Styria from Hungary. In India also

(and especially in the Punjaub) the same practice prevails, and

* Archivf. Exper. Path. u. Pharmakol. Leipzig, 1882.

t i:uule Phi/siol. (VArscne. Th&se, Paris, 1868.
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here it is often taken as an aphrodisiac. The mountaineers
imagine that it increases the respiratory power, nor is there
wanting some evidence to show that this is actually the fact,

and medicinal doses of arsenic have been in use for some time
in cases of asthma and other diseases of the chest. The arsenic-
eaters begin with a very small dose, which is continued for
several weeks or months, until the system gets accustomed to
it. The amount is then slightly augmented until relative large
doses are taken with impunity. In one case* it appears that a
countryman, in good health, and sixty years of age, took daily
four grains of arsenious acid, a habit which he had inherited
from his father, and which he in turn bequeathed to his son.
The existence of such a custom as arsenic eating, in its

literal sense, has more than once been doubted, but all who have
travelled over Styria and other places where the habit prevails
have convinced themselves that the facts have not been overstated.
For example. Dr. Maclagan, in company with Dr. J. T. Rutter,t
visited Styria in 1865, and having carefully weighed 5 or 6 grains
of arsenic, saw these doses actually swallowed by two men. On
collecting their uriue, about two hours afterwards, abundant
quantitative evidence of its presence was found ; but in neither
of the men were there the slightest symptoms of poisoning. It
is obvious that the existence of such a habit might seriously
complicate any inquiry into arsenical poisoning in these regions.

§ 626. Manner of Introduction of Arsenic.—Arsenious* acid
exerts a poisonous action, whether it is taken by the stomach,
or introduced into the system by any other channel whatever.'
The differences in the symptoms produced by external applica-
tion (as through a wound), and by swallowing arsenious acidm substance or in solution, are not so marked as might be
expected. It was probably Hunter who first distinctly recog-
nised the fact that arsenic, even when introduced outwardly
by application to an abraded surface, exerts a specific effect on
the mucous membrane of the stomach. BrodieJ states, " MrHome informed me that in an experiment made by Mr. Hunter
himself, m which arsenic was applied to a wound in a do^, the
animal died m twenty-four hours, and the stomach was found tobe considerably inflamed. I repeated this experiment several
times, taking the precaution of always applying a bandage toprevent the animal licking the wound. The result was that theinflammation of the stomach was commonly more violent and

* Tardieu, Op. cU.

Oct.lS.''^''^"
"^P"^' '^^'i- ^/">- Journ.,

t Phil. Trans., 1812.
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38-3
55-4

6-3t

more immediate than when the poison was administered inter-

nally, and that it preceded in appearance the inflammation of

the wound."

§ 627. Cases of Poisoning hy the External Application of Arsenic.

—The mass-poisoning by the external use of violet powder to

infants, which occurred in England some few years ago, is still

fresh in public memory. Two deaths from this cause were esta-

blished by coroners' inquests.* Dr. Tidy found the violet powders

used in the two cases to have the following composition :

—

1. 2.

Per cent. Per cent

Arsenious Acid, 38 "5

Starch (Potato) 54-8

Magnesia, &c 67

Although the children were poisoned by absorption through

the skin (unless it is allowed that some may have found its way

in the form of arsenical dust into the throat, or, what is still

more probable, that the infants may from time to time have

seized the puflf-ball and sucked it), the large quantity of 421 grm.

(6-5 grains) of arsenious acid was separated in the one case, and

•194°o-rm. (3 grains) in the other. In these cases arose the

question which is sure to recur in legal inquiries into poisoning

by absorption—viz., whether the poison lying on the surface

and folds of the skin could not have been mixed during the

post-mortem examination with the organs of the body 1 In these

particular cases special care appears to have been taken, and the

"answer was satisfactory. It is not amiss, however, to call

attention to the extreme precaution which such instances

necessitate.

* "Gleanings in Toxicology," by C. Meymott Tidy, U.B.—Lancet,

Au?. 21, 1878. . , , . , n_
t Two recipes were handed in at the coroner's inquest which pretty

fairly represent the composition of commercial violet powder :
—

First Quality, sold at 7s. per gross.

Starch Powder,
Magnesia,

28 lbs.

141b.

Orris-root, .

Violet Perfume,
Essence of Roses,

Second Quality, sold at 6s. per gross.

Terra Alba (Sulphate of Lune),

Potato Starch,

Magnesia,
Orris-root,

Violet Perfume,
Essence of Koscs,

lb.

oz.

drops.

14
21
3

lbs.

lbs.

lbs.

Ulb.
14 oz.

5 drops.
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A woman, aged fifty-one, had used a solution of arsenious acid

to cure the itch
;
erysipelas of the body, however, followed, and

she died after a long illness—one of the symptoms noted being

trembling and paresis of the limbs.* In a case recorded by
Desgranges,t a young chambermaid had applied to the un-

wounded scalp an arsenical ointment for the purpose of destroy-

ing vermin. She also suffered from a severe erysipelas, and the

hair fell off. Quacks have frequently applied various arsenical

pastes to ulcers and cancerous breasts with a fatal result. In-

stances of this abound; in one, a charlatan applied to a chronic ulcer

of the leg an arsenical caustic ; the patient showed symptoms
of violent poisoning, and died on the sixth day. X In another, a
lady suffering from some form of tumour of the breast, applied
to an unqualified practitioner, who made from fifteen to twenty
punctures with a lancet in the swelling, covered a piece of bread
with an arsenical compound, and applied the bread thus pre-
pared to the breast. Twelve hours afterwards symptoms of
violent gastric irritation commenced; and vomiting and a
sanguinolent diarrhoea followed, with death on the fifth day-
Arsenic was found in all the organs. § Such examples might be
multiplied. Arsenic has been in more than one case introduced
criminally into the vagina with a fatal result.

||
Fobere, e.g., has

recorded the case of a maid-servant who poisoned her mistress
by intentionally administering several arsenical enemata.H
Arsenious acid again has been respired in the form of vapour.
One of the best instances of this is recorded by Taylor, and was
the subject of a trial at the York Lent Assizes, 1864. The
prisoner placed some burning pyrites at the doorway of a small
room, in which there were eight children, including an infant in
the cradle. The other children were removed speedily, but the
infant Avas exposed to the vapour for an hour ; it suffered from
vomiting and diarrhoea, and died in twenty-four hours. There
was slight inflammation of the stomach and intestines, the

* Belloc, MM. Lecj., t. iv., p. 124.

t Becueil de la Soc. de Med. de Paris, t. vi., p. 22, An. vii. ; also
Tardieu, Mude Mid. Mgale, sur I'EmpoisonnemeM, Obs. xxvii., p. 457.
t Mean, Bihliothequc MM., t. Ixxiv., 1821, p. 401.
§ Tardieu, Op. ciL, obs. xxix. ; Dr. Vernois, Ann. d'lli/q. ct de Mdd

L6g., t. xxxvi., 1st. ser., p. 141, 184G.
-^"^

II
Anaiaulx, Clinique Chirwr/icale. Mangor (Acta. Societ. Heq. Hafiiicns

ill., p. 178) gives the case of a man who poisoned his three wives sue'
cessively with arsenic-the two last by introducing into the vagina apowder composed of flour and arsenic. Another similar case is related bv
Brisken. Mangor made experiments on mares, showing that when araenic
IS applied to the vagina, death may result from mflammatiou

IF M6d. Ldgale, iv.
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brain and lungs were congested, and the lining membrane of the

trachea of a bright red colour. Arsenic was detected in the

stomach, in the lungs, and spleen. The pyrites contained arsenic,

and the fatal fumes were in effect composed of sulphurous and

arsenious acids.

The use of paper covered with arsenical pigments, as wall-

paper in bed and sitting rooms, has often produced disease
;

sometimes from the arsenical dust being breathed, sometimes

from the production of arsine (arseniuretted hydrogen), and

possibly from some uninvestigated volatile compound. Recently

I examined a wall-paper, which, on analysis, yielded arsenic

equal to 8 grains of arsenious acid in every square foot ; it was

a portion of a wall-paper from the bedroom of a gentleman, who

had for many months suffered from an obscure malady, whicli

had baffled the eminent men whom he had consulted. The

paper in question had a few green leaves on a quiet drab-

coloured ground. On the discovery of its arsenical properties,

he removed to another bedroom, with immediate and marked

improvement in health. Most analysts in practice have met

with similar instances, and a considerable number are on

record in medical literature.

§ 628. Forms of Arsenical Poisoning.—There are at least four

distinct forms of arsenical poisoning—viz., an acute, subacute,

a nervous, and a chronic form.

Acute Form.—All those cases in which the inflammatory
' symptoms are severe from the commencement, and in which the

sufferer dies within twenty-four hours, may be called acute.

The commencement of the symptoms in these cases is always

within the hour
;
they have been known, indeed, to occur within

ei<^ht minutes, but the most usual time is from twenty minutes

to'' half an hour. There is an acrid feeling in the throat, with

nausea : vomiting soon sets in, the ejected matters being at first

composed of the substances eaten ;
later they may be bdious

or even bloody, or composed of a whitish liquid. Diarrhrea

follows and accompanies the vomiting, the motions are some-

times like those met with in ordinary diarrhoea and t^nglish

cholera, and sometimes bloody. There is coldness of the extremi-

ties, with great feebleness, and the pulse is small and difccult

to feel. The face, at first very pale, takes a bluish tint, the

temperature falls still lower; the patient sinks in col apse, and

death takes place in from five to twenty hours after the taking

''^The?e'''can scarcely be said to be any clinical feature which

distinguishes the above description from that of cholera
;
and

supposing that cholera were epidemic, and no suspicious circum-
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stance apparently present, there can be little doubt that a most
experienced physician might mistake the cause of the malady,
unless surrounding circumstances give some hint or clue to it.

In the acute form diarrhoea may be absent, and the patient die,
as it were, from " shock." This was probably the cause of death
in a case related by Casper,* that of Julius BoUe, poisoned by his
wife. He took an unknown quantity of arsenic in solution at
seven in the morning, and in about three quarters of an hour
afterwards suffered from pain and vomiting, and died in little
more than three hours. There were no signs of inflammation
in the stomach and intestines, but from the contents of the
stomach were separated -OlSa grm. of arsenious acid, and
•00513 grm. from pieces of the liver, spleen, kidneys, lung, and
blood. The dose actually taken is supposed not to have been
less than -388 grm. (6 grains).

§ 629. The Subacute ^Form.—The subacute form is that which
is most common; it exhibits some variety of phenomena, and
individual cases vary much in the matter of time. The com-
mencement of symptoms is, as in the most acute form, usually
within the hour, but exceptions to this rule occur. In a case
quoted by Taylor,! and recorded by M. Tonnelier, the poison
did not cause any marked illness for eight hours ; it was found
on j)osl-mortem examination, that a cyst had been formed in the
stomach which sheathed the arsenic over, and in some degree
explained this delay. In another case, again, ten hours elapsed',
and this IS considered to be the maximum period yet observed
As, with the acute form, there is a feeling of nausea, followedby vomiting, which continues although the stomach is quiteempty; at first the ejected matter is a watery fluid, but later itmay be streaked with blood. The tongue is thickly coated-
there is great thirst, but the drinking of any liquid (even .of ice-
cold water) increases the vomiting. Nearly alw'ays pain is felt inthe epigastrium,_ spreading all over the abdomen, a^d extending
to the lorn (which IS tense and tender on pressure). Deglu-
tition IS often painful and is accompanied by a sort of spasmodic
constriction of the pharyngeal muscles. DiarrhoBa follows thevomiting, and has the same characters as that previously de-scribed; occasionally, however, this feature is absent. In thecase recorded by Martineau,J a man, aged twenty-five, was seizedat 10 a.m. suddenly with vomiting, which persisted all that day

* Case 188 in Casper's Handhuch.

PlLKl p"S'" ^^'^^"^^ °^ Jurisprudence." vol. i., p. 05,.

X Tardieu, Op. cU., obs. xix.

33
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and the next, during which time the bowels were obstinately

confined. On the second day a purgative was administered,

whereupon diarrhoea set in, and continued until his death, which

occurred in about two days and sixteen hours from the com-

mencement of the symptoms. This case is also remarkable from

the absence of pain or tenderness of the abdomen.

In subacute cases the urine has several times been suppressed,

and it is generally scanty and red in colour. Irregularity of the

heart's action and feebleness are tolerably constant phenomena.

As the end approaches, there is excessive muscular weakness,

the face is pale, the eyes hollow ; the mucous membranes first,

and then the skin, takes a bluish tint; the skin itself is covered

with perspiration, and there has been noticed a peculiar odour,

which has been likened to arsine (arseniuretted hydrogen). The

respiration is troubled, convulsive movements of the limbs have

been observed, and cramps in the calves of the legs; death

follows in a variable time—from twenty-four hours to several

days. In certain cases there is a curious remission after violent

symptoms, the patient rallies and seems to have recovered ;
but

the appearance is deceptive, for the symptoms recur, and death

follows. Eecovery may also take place partially from the

primary efi'ects, and then inflammatory changes in the stomach,

&c., set in, with fever and the ordinary symptoms which are

common to all internal inflammation.

A single dose of arsenious acid may cause a prolonged and

fatal iUness, one of the best known examples being that of the

suicide of the Due de Praslin,* who took with suicidal intent, on

Wednesday, August 18, 1847, a dose of arsenious acid. The exact

time of the act could not be ascertained, but the first eflects

appeared at 10 p.m.; there were the usual signs of vomiting,

followed on the next day by diarrhoea, fainting, and extreme

feebleness of the pulse. On Friday there was a remission ot

the symptoms, but great coldness of the limbs, mtermitteiicy

and feebleness of the heart's action, and depression. On

Saturday there was slight fever, but no pain or tenderness m
the abdomen, vomiting, or diarrhoea; on this day no urme was

passed. On the Sunday he complained of a severe constriction

of the throat, and deglutition was extremely painful; thirst was

extreme, the tongue intensely red, as well as the mucous mem-

brane of the mouth and pharynx, and the patient had a sensation

of burnincr from the mouth to the anus. The abdomen was

painful and distended, the heat of the skin was pronounced,

* Tardieu, B6lation Medico-Lcgale de VAssassinatde la
-R^'^J"^^^^ 'J'J^^ff

•

Ann d'Hyg. FiOj. ct de M6dico-Leg., 1847, t. xxxvui., p. 390; also Op. at.,

obs. xi.
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the pulse frequent and irregular—sometimes strong, at others
feeble, the bowels had to be relieved by injections, the urine
was in very small quantity; during the night there was no
sleep. The duke died at 4.35 a.m., on Tuesday the 24th, the
sixth day; intelligence was retained to the last. As the end
approached the respiration became embarassed, the body ex-
tremely cold, and the pulse very frequent.

§ 630. In the nervous form the ordinary vomiting and
purging are either entirely suppressed, or present in but feeble
degree; and under this heading are classed the rare cases in
which, in place of the ordinary symptoms, affections of the
nervous system .predominate. Narcotism, paresis, deepening
into paralysis, delirium, and even acute mania, as well as
epileptiform convulsions, have all been recorded. In short, the
symptoms show so much variety, that an idea of the malady
produced in this very rare form can only be obtained by studying
the clinical history of cases which have presented this aspect
In a case recorded by Guilbert,* a man, thirty-five years of age,
had swallowed a solution of arsenic, half of which was immediately
rejected by vomiting. A little while afterwards his respiration
became laborious; the eyes were bathed with tears, which were
so acrid as to inflame the eyelids and the cheeks; the muscles of
the face were from time to time convulsed ; he perspired much,
and the perspiration had a foetid odour; there was some diarrhoea'
the urine was suppressed, and from time to time he was delirious'
Afterwards the convulsions became general, and the symptoms
continued with more or less severity for five days. On the sixth
a copious mihary eruption broke out, and the symptoms became
less severe. The eruption during fifteen days every now and
again reappeared, and at the end of that time the patient was
conva escent, but weak, Hable to ophthalmias, and had a universal
trembling of the limbs.

In one of Brodie'sf experiments on rabbits, 7 grains of arsenious
acid was inserted m a wound in the back ; the effect of whichwas to paralyse the hind legs. In other experiments on animals,
paralysis of the hmd legs has been frequently noticed, but para-
lysis certamly IS rare in man; in the case, however, recorded bv
Barrier,! of the five men who took by mistake a solution ofarsenious acid, one of them was found stretched on the o-round
with the inferior extremities paralysed.

obi X™? 430.^"'''^'' ^""^^'^ *• P- T'^^'^^'^' «•<.,

+ The Action of Poisons, Phil. Trans., 1812
X Journ. de Medecine, 1783, p. 353. Tardieu, Op ext., obs. xiv., p. 131.
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In a case of " mass " poisoning reported by Dr. Coqueret *

three persons ate by mistake an unknown quantity of arsenious

acid—two of them only suffered slightly, but the third severely,

vomitino' occurring almost immediately, and continuing with

frequency until the end of the fourth day. Two hours after

swallowin<T the poison, the patient took the hydrated oxide of

iron as an antidote. On the sixth day there was stupor and a

semi-delirious state, with an eruption of a pustular character

compared to that of the small-pox. These symptoms continued

more or less until the fifteenth day, when they diminished, and

ultimately the patient recovered. In a case related by Tardieu,T

in which a person died on the eleventh day from the effects ot

the poison; towards the end, as a specially marked symptom,

there was noted hyperjesthesia of the inferior extremities, so

that the least touch was painful.

8 631. Absence of Sijmptoms.—ln a few cases there have been

a remarkable absence of symptoms, and this both m man and

animals. Seven horses were fed with oats accidentally mixed

with arseniate of soda. The first succumbed three hours after

taking the poison, without having presented any symptom

whatever; he fell suddenly, and in a short time expired. J .

it is

related by Orfila,§ that a woman, aged twenty-seven, expired in

about twelve hours from a large dose of arsenious acid; there

were the usual j^ost-mortem appearances, but m life no sign ot

r)ain no vomiting, and but little thirst.

^
^632. Slow Foisonmg.-Q\ow poisoning has been caused

accidentally by arsenical wall-paper, in the manufacture of

arsenical pigments, by the admixture of small quantities of

ar n c wifh^alt or' other condiments, and repeated small doses

have been used for criminally producing a fata ^"^^^^ ^^^ej

to simulate disease from natural causes. The illness produced by

sma™ intermittent doses may closely -f-f/-/-^X;
as it were, those produced by large amounts ;

but, on the other

hand tL; may be different and scarcely to be described other-

wise tla'f as a general condition of ill-health and malatse In

Tuch cases there is loss of appetite, feebleness, and not un-

IpnueX a slir^ht yellowness of the .skin. A very constantS seen wh n a soition of arsenious acid is given continuously

fo^ a long time, is an inflammation of the
f^^i-^f^^^^ f^W^l

of the nasal mucous membrane-the patient complains of "ahvays

* Journ. cle Connaiss. MU. Ckirurg., 1839, p. 155. Tardieu, Op. cU., obs.

§ Tome i., obs. iv., p. 314.
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having a cold." This imflammatory action also affects the pharynx,

and may extend to the air-passages, and even to the lung-tissue.

At the same time there is often seen an exanthem, which has

received a specific name—" eczema arsenicale." Salivation is

present, the gums are sore, at times lacerated. In chronic

poisoning by arsenic, nervous symptoms are almost constant,

and exhibit great variety; there may be numbness, or the

opposite condition, hypersesthesia, in the extremities. In certain

cases fainting, paresis, paralysis, and sometimes convulsions

occur ; towards the end a sort of hectic fever supervenes, and
the patient dies of exhaustion.

§ 633. Post-mortem Appearances in Animals.—P. Hugo* has

recently made some minute researches as to the pathological

appearances met with in animals. His experiments were made
on seven dogs, eight guinea-pigs, five rabbits, two pigeons, and
five cats—all poisoned by arsenious acid. According to Hugo,
so far as these animals were concerned, changes were more
constant in the intestine than in the stomach.

Stomach.—Changes in the mucous membrane were especially

noticed in the great curvature and towards the pylorus ; the
pylorus itself, and a part of the cardiac portion, remained
unchanged. The mucous membrane in dogs and cats was red,
with a tinge of blue—in many cases the redness was in streaks,
with injection of the capillaries. The stomach of plant-eaters
was less altered, and a microscopical examination of the mucous
tissues did not show any fatty change.

The Intestines.—In dogs and cats changes were evident; in
rabbits and guinea-pigs they were not so marked, but the
intestines of the last were extremely tender and brittle, very
moist, and filled Avith a slimy, serous, grey-white fluid ; neverthe-
less, the changes in all these animals appear to be of essentially
the same nature. The most striking effect is the shedding of a
pseudo-membrane

; in quite recent cases there is a layer of from
1 to ] | mm. wide of a transparent, frog-spawn-like jelly streaking
the intestine. In later stages it becomes thickei-, while occasion-
ally it resembles a diphtheritic exudation. The mucous mem-
brane itself is deep purple-red, showing up by the side of the
pseudo-membrane. With regard to the villi, the epithelial layer
is detached, and the capillary network filled Avith blood and
enlarged.

The Zwer.—Hugo met only occasionally with fatty degenera-
tion of the liver, but there was marked steatose of the epithelium
of the gall-bladder of dogs. A fact not prominently noticed

* Beitruge zur Pa/holofjie der acutm Arsenikvcrrjiflunn., Archiv fur Exner
FaUiol. u. Pharmakol. Leipzig, 1882.

'
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before, is (at all events, in dogs) a serous transudation into the

pleural sac and acute ojdema of the lungs ; the exudation may-

be excessive, so that more than 100 cc. of serous fluid can be

obtained from the thorax ; there is also usually much fluid in the

pericardium. In two of Hugo's experiments, there was fluid in

the cerebral ventricles ; and in all there was increased moisture

of the brain substance with injection of the capillary vessels,

especially of the pia.

§ 634. Post-mortem Appearances in Man.—When arsenious acid

is swallowed in substance or solution, the most marked change is

that in the mucous membrane of the stomach and intestines; and,

even when the poison has been absorbed by the skin, or taken in

any other way, there may be a very pronounced inflammatory

action. On the other hand, this is occasionally absent. Orfila *

relates a case in which a man died in thirteen hours after having

taken 12 grms. of arsenious acid :
—" The mucous membrane of the

stomach presented in its whole extent no trace of inflammation, no

redness, and no alteration of texture." Many_ other similar cases

are on record
;
and, according to Harvey's statistics, in 197 cases,

36 (about 18-2 per cent.) presented no lesion of the stomach.

The usual changes produced by arsenious acid may be

studied in the museums of the London hospitals. In Guy's

Hospital Museum I found three preparations. In preparation

179832 is seen a large stomach with the mucous membrane at

certain points abraded, and at the great curvature the whole

coats are thinned ; it is also somewhat congested. In preparation

17986* is a portion of coagulated lymph, from the stomach of a

lad aged fourteen, who had taken accidentally a piece of cheese

charged with arsenious acid, prepared for the purpose of destroy-

ing rats. He lived twenty-eight hours, and presented the

ordinary symptoms. The lympli has a membranous appearance,

and the rugte of the stomach are impressed upon it. It is said

when recent to have presented numerous bright bloody spots,

although there was no visible breach of substance on the surface

of the stomach. The mucous membrane of the stomach is stated

to have been injected, and there was also difl\ise injection of the

duodenum. Preparation 179880 is the stomach of a person who

survived thirteen hours after taking a fatal dose of arsenious

acid ; and in the same museum there is a wax model of the

appearances which the fresh preparation exhibited, showing a

large oval patch coated with mucous and the poison. ibe

stomach was intensely inflamed, the ca;cum injected. The rest

of the intestine was healthy.

• Tome i., oba. v.
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In the museum of IJniversity College there are two preparations,

one * exhibiting intense swelling and congestion of the gastric

mucous membrane, which is of a perfectly vermilion colour.

Another preparation (No. 2868) shows the effect of a small dose

of arsenic on the stomach ; there are spots of arborescent extrava-

sation, and slight congestion of the summits of the rugie, but in

other respects it is normal. There is also a cast of Peyer's patches

from the same case, showing great prominence of the glands, with

some injection of the intestinal mucous membrane.

In St. Thomas' Hospital there is an interesting preparation

(No. 8) showing the gastric mucous membrane dotted all over with

minute ulcers, none of which have an inflammatory zone.f I

have not, however, seen in any museum a preparation of the

curious emphysematous condition of the mucous membrane,

which has more than once been met with. For example, in a

case related by Tardieu,J Schwann, a labourer, died from the

effects of arsenic in thirty-six hours. The autopsy showed that

the mucous membrane of the stomach and small intestine was
covered with a pasty coating, and was elevated in nearly its whole
extent by bulte filled with gas, forming true emphysematous
swellings which encroached upon the diameter of the intestine.

There was neither redness nor ulceration, but the mucous mem-
brane was softened.

I also saw a few years ago at Barnard Castle an autopsy made
on a gentleman who died from arsenic. In this case the mucous
membrane of the stomach presented a peculiar appearance, being
raised here and there by little blebs, and very slightly reddened.

§ 635. The inflammatory and other changes rarely affect the
gullet. Brodie § never observed inflammation of the oesophagus
as an effect of arsenic

;
but, when arsenic is swallowed in the solid

state, as in the suicide of Soufflard, graphically described by
Orfila,

II
it may be affected. In Soufilard's case there was a vivid

injection of the pharynx and gullet.

In many instances, when the arsenic has been taken in the
solid form, the crystals with mucous and other matters adhere to
the lining membrane. I have seen in the stomach of a horse,
poisoned by an ounce of arsenic, an exquisite example of this.

* This preparation at the time of my visit had no number.
+ In a case rqlatcd by Orfila, t. i., oba. xv., death resulted from the out-

ward application of arsenic ; the mucous membrane of the stomach was
'

natural in colour, but there were four ulcers, one of which was fifty centi-
metres in diameter.

X Op. cit., obs. i., p. 468.

§ Phil. Trans., 1812.

II
T. i., p. 319.
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The inflammatory changes may be recognised many months after
death owing to the antiseptic properties of arsenic

;
nevertheless,

great caution is necessary in giving an opinion, for there is often
a remarkable redness induced by putrefactive changes in healthy
stomachs. Casper* on this point very justly observes—"If
Orfila quotes a case from Lepelletier, in which the inflammatory
redness of the mucous membrane of the stomach was to be recog-

nised after nine months' interment, and if Taylor cites two cases

in which it was observed nineteen and twenty-one months after

death respectively, this is in contradiction of all that I, on my
part, have seen in the very numerous exhumed corpses examined
by me in relation to the gradual progress of putrefaction and of

saponification, and I cannot help here suspecting a confusion with
the putrefactive imbibition redness of the mucous membrane."

If examined microscopically, the liver and kidneys show
no change, save a fatty degeneration and infiltration of

the epithelial cells. In the muscular substance of the

heart, \mder the endocardium, there is almost constantly

noticed ecchymosis. In the most acute cases, in which
a cholera-like diarrhoea has exhausted the sufferer, the blood

may be thickened from loss of its aqueous constituents,

and the whole of the organs will present that singularly dry

appearance, found in all cases in which there has been a

copious draining away of the body fluids. In the narcotic

form of arsenical poisoning, the vessels of the brain have been

noted as congested, but this congestion is neither marked nor

pathognomonic. Among the rare pathological changes may be

classed glossitis, in which the whole tongue has swollen, and is

found so large as almost to fill the mouth. This has been ex-

plained, in one case, as caused by solid arsenious acid having

been left a little time in the mouth before swallowing it. On
the other hand, it has also been observed when the poison has

been absorbed from a cutaneous application. When arsenic has

been introduced into the vagina, the ordinary traces of inflam-

matory action have been seen, and, even without direct contact,

an inflammation of the male and female sexual organs has been

recorded, extending so far as gangrene. As a rule, putre-

faction is remarkably retarded, and is especially slow in those

organs which contain arsenic; so, that if the poison has been

swallowed, the stomach will retain its form, and, even to a certain

extent, its natural appearance for an indefinite period. In

corpses long buried of persons dying from arsenical poisoning, the

ordinary process of decay gives place to a saponification, and such

bodies present a striking contrast to others buried in the same

* Ilandbuch. vol. ii., p. 420.
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graveyard. This retardation of putrefaction is what might,
a priori, be expected, for arsenic has been long in use as a
preservative of organic tissues.

§ 636. Physiological Action of Arsenic.—The older view with
regard to the essential action of arsenic was, without doubt, that
the effects were mainly local, and that death ensued from the
corrosive action on the stomach and other tissues—a view which is

in its entirety no longer accepted; nevertheless, it is perfectly
true that arsenic has a corrosive local action: it will raise blisters
on the skin, will inflame the tongue or mucous membranes with
which it comes in contact; and, in those rapid cases in which
extensive lesions have been found in the alimentary canal, it can
hardly be denied that instances of death have occurred more from
the local than the constitutional action. In the vast majority of
cases, however, there is certainly insuihcient local action to
account for death, and we must refer the lethal result to a more
profound and intimate effect on the nervous centres. The curious
fact, that, when arsenic is absorbed from a cutaneous surface or
from a wound, the mucous membrane of the stomach inflames,
is explained by the absorption of the arsenic into the blood and
its separation by the mucous membrane, in its passage exerting
an irritant action. The diarrhoea has been referred to a paralysis
of the splanchnic nerves, but Esser considers it due to an irritation
of the ganglia in the intestinal walls. Binz has advanced a new
and original theory as to the action of arsenious acid; he con-
siders that the protoplasm of the cells of many tissues possess
the power of oxidising arsenious acid to arsenic acid, and this
arsenic acid is again, by the same agency, reduced to arsenious
acid; m this way, by the alternate oxidation and reduction of
the arsenious acid, the cells are decomposed, and a fatty degenera-
tion takes place. Thus arsenic causes fatty changes in the liver,
kidney, and other cells by a process analogous to the action of
phosphorus. A notable diminution of arterial pressure has been
observed. In an experiment by Hugo* -03 grm. of As^O, was
injected intravenously, the normal arteral pressure being 178mm. Ten minutes after injection the pressure sank to 47 mm • in
sixteen minutes it again rose to 127 mm.

'

§ 637. -£^^MW7ia«ioTO o/yirsenic.—Arsenic is separated especially
by the urine,t then through the bile, and by the perspiration. It

* Op. cit.

t An old experiment of Orfila's has some practical bearings, and may be

plentifully with i.iuid to drink; his urine, analysed from time to time dS^ten days, gave abundant evidences of arsenic. On killing the aniimlWmg on the tenth day, no arsenic could be detected in a'ny of the organsof the body; it had been, as it were, washed out,
organs
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is found in tlie urine first after from five to six hours, but the

elimination from a single dose is not finished till a period of

from five to eight days; it has often been looked for twelve

days after taking it, but very seldom found. Accumulative

action of arsenic never occurs. Hebra has given, in skin diseases,

during many months, as much as 12 grms. of arsenic without

evil result.

§ 638. Antidote and Treatment.—In any case in which there is

opportunity for immediate treatment, ferric hydrate should be

administered as an antidote. Ferric hydrate converts the soluble

arsenious acid into the insoluble ferric arseniate, the ferric oxide

being reduced to ferrous oxide. It is necessary to use ferric

hydrate recently prepared, for if dried it changes into an

oxyhydrate, or even if kept under water the same change occurs,

so that (according to the experiments of Messrs. T. & H. Smith)

after four months the power of the moist mass is reduced to one-

half, and after five months to one-fourth.

It is obvious that ferric hydrate is not in the true sense of the

word an antidote, for it will only act when it comes in contact

with the arsenious acid; and, when once the poison has been

removed from the stomach by absorption into the tissues, the

administration of the hydrate is absolutely useless. Ferric

hydrate may be readily prepared by adding strong ammonia to

the solution or tincture of ferric chloride, found in every medical

man's surgery and in every chemist's shop, care being taken to

add no caustic excess of ammonia; the liquid need not be filtered,

tut at once administered. With regard to other methods ot

medical treatment, they are simply those suggested by the

symptoms and well-known efi^ects of the poison. When absorbed,

the drinking of water in excess cannot but assist its elimination

by the kidneys.
. -j 4.-At

8 639 Detection of Arsenic—The analyst may have to identity

arsenic in substance, in solution, in alloys, in wal -papers, m

earth, and in various animal, fatty, resinous, or other organic

"^"^Armkous Acid in ^u&stonce.-The general, characters of

arsenious acid have been already described and are tbemsehes

so marked as to be unmistakable. The following are the most

''^lO A'smalTfVagment placed in the subliming cell
(p^

242)

and heated to about the temperature of 137 /

(f»
J^;^*'

once sublimes in the form of an amorphous powder if the upper

glass disc is cool; but if heated (as it should be) to near y the

same temperature as the lower, characteristic crystals are

obtained, remarkable for their brilliancy, and permanency, ana
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almost always distinct and separate. The prevailing form is the
regular octahedron, but the rhombic dodecahedron, the rectan-

gular prism, superimposed crystals, half crystals, deep triangular
plates like tetrahedra, and irregular and confused forms, all

occasionally occur.

(2.) A beautiful and well-known test is that of Berzelius:—

A

small hard-glass tube is taken, and the closed end drawn out to
the size of a knitting needle. Within the extreme point of this
fine part is placed the fragment (which may be no more than a
milligramme), and a splinter of charcoal, fine enough to enter
freely the narrow part, as shown in the figure. The portion

Fig. IS.

of the tube containing the charcoal (e) is first heated until it

glows, and then the extreme end; if arsenic is present, a
mirror-like coating is easily obtained in the broader portion
of the tube {d). That this coating is really arsenical can be
established by the behaviour of metallic crusts of arsenic towards
solvents (as given at p. 526). The portion of the tube containing
the crust may also be broken up, put in a very short, wide test-
tube (the mouth of which is occupied by a circle of thin
microscopic glass) and heated, when the arsenic will sublime on
to the glass disc, partly as a metal and partly as crystalline
arsenious acid.

(3.) Arsenious acid, itself inodorous, when heated on coal,
after mixing it with moist oxalate of potash, evolves a peculiar
garlic-like odour, To this test oxide of antimony adulterated
with arsenic

_
will respond, if there is only a thousandth part

present. Simply projecting arsenious acid on either red-hot
charcoal or iron produces the same odour.

(4.) A little bit of arsenious acid heated in a matrass with
two or three times its weight of acetate of potash, evolves the
unsupportable odour of kakodyl.

_
Arsenites and Arseniates, mixed with oxalate of soda and heated

in a matrass, aff"ord distinct mirrors, especially the arsenites of
the earths and silver; those of copper and iron are rather less
distinct.

SuljMdes of Arsem6 are reduced by any of the processes de-
scribed on p. 540 et seq.

In Solution.~Au acid solution of arsenious acid gives, when
treated with SHg, a canary-yellow precipitate, soluble in am-monia, carbonate of ammonia, and bisulphite of potash, and also
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a metallic sublimate when heated in a tube with the reducing

agents in the manner described at p. 540. By these properties

the sulphide is distinguished and, indeed, separated from

antimony, tin, and cadmium.

The sulphides of tin and cadmium are certainly also yellow,

but the latter is quite insoluble in ammonia, while the former

crWes no metallic sublimate when heated with reducing sub-

The sulphide of antimony, again, is orange, and quite insoluble

in potassic bisulphite, and scarcely dissolves in ammonia.

A small piece of sodium amalgam placed in a test-tube or flask

containing an arsenic-holding liquid, produces in a short time

arseniuretted hydrogen, which will blacken a piece of paper,

soaked in nitrate of silver, and inserted in the mouth of the flask.

This is certainly the most convenient test for arsenic. If the

liquid be previously made alkaline, no antimoniuretted hydrogen

(stibine) is given off.

Marsh's Original Testfor Arsenic consisted in evolving nascent

hydrogen by zinc and sulphuric acid, and then adding the hquid

to be tested. The apparatus for Marsh's test, in its simplest

form, consists of a flask provided with a cork conveying two

tubes, one a funnel reaching nearly to the bottom of the flask

;

the other a delivery tube, which is of some length, is provided

with a chloride of calcium bulb,* and towards the end is turned

up at right angles, the end being narrowed. By evolving

hydrogen from zinc and sulphuric acid, and then adding portions

of the liquid through the funnel, arseniuretted hydrogen m a

dry state is driven along the leading tube, can be ignited on its

issue, and on depressing a piece of cold porcelain, a dark metal ic

spot of arsenic is obtained.! Or, if any portion of the tube be

made red-hot, the metal is deposited in the same way as a rmg.

The apparatus admits of much complication and variety, une

of the most useful additions is, perhaps, the interposition ot a

small gasometer. This consists of a cylindrical glass vessel witli

entrance and exit tubes, open at the bottom, immersed m wat«r

in a larger vessel, and counterpoised by weights and rollers,

exactly like the large gasometers used at pworks
;
the exi^

tube must have a stop-cock, and the gas must pass through sul

phuric acid in order to dry it thoroughly.

• Otto recommends the first half of the drying
*,t°lXrhaH

the develonmeut flask to he tilled with caustic potash, the latter naii

but remarks that it should he used when
Vfi vp, Vh! and prevents

caustic potash decomposes stibine. The potash hxes bHj, ana pre

the formation of chloride of arsenic.

+ For identification of arsenical films, see p. o.o.
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M. Blondlot has observed * that if pure zinc, a weak solution

of arsenious acid, and a sulphuric acid containing nitric acid or

nitrous compounds, be mixed together, the arsenic passes into

a solid hydrate, which is deposited on the surface of the zinc.

Certain organic substances (such as sugar, gum, &c.) prevent
this formation of solid hydrate. Thus, in two ways, the analyst

may be deceived—under the above conditions, the zinc may be
arsenical, and yet pure hydrogen be evolved until the very
moment in which the liquid to be tested is added

;
or, on the

other hand, if the liquid to be tested and the acid itself contain
nitrous compounds, no arsenic may come off, although arsenic

be actually present. The formation of the solid hydrate in the
original testing may always be prevented by the addition of a
little pure cane sugar ; but in operating on liquids of unknown
composition, Blondlot's observation shows clearly, that if no
result is obtained from Marsh's test as ordinarily applied, arsenic
may yet be present. This objection does not hold good in the
evolution of hydrogen by galvanism, nor, so far as is known,
when sodium amalgam is used.

The precautions to be observed in Marsh's test are :

—

(1.) Absolute freedom of the reagents used from arsenic, anti-
mony,t and other impurities.

(2.) The sulphuric acid should be diluted with five times its

weight of water, and if freshly prepared should be cooled before
use. Strong acid must not be employed. |

^3.) The fluid to be tested should be poured in little by little.

(4. ) Nitrous compounds, nitric acid, hydrochloric acid, chlorides,
are all more or less prejudicial.

(5.) The gas should come off regularly in not too strong a
stream, nor out of too small an opening.

(6.) The gas should pass through the red-hot tube at least one
hour, if no stain is at once detected.

(7.) A little pure bichloride of platinum solution mav be added,
without injury, to the zinc if the gas comes off too slowly. §

* Blondlot
:
" Transformation de I'arsenic en liydrure solide par Thydro-

gSne naissant sous rinfluence des compos6s nitreux. "—/o?t?-. de Pharm et
de Cliim., 3e ser., t. xliv., p. 486.

+ With regard to purity of reagents, Sonnenschein states that ho has once
found chlorate of potash contaminated with arsenic. - Sonnenschein •

Vericlil. Cherme, p. 139.

: M. A Gautier uses sulphuric acid diluted with five times its weicht ofwater; when the hydrogen has displaced the air, he adds to the arslnical

fT^^iy of this, acid and 5 gnus, of pure sulphuric acid.—5«W dela Soct6t6 C'kim. de Paris, 1875, t. xxiv.

§ Asolution of sulj.hateof copper has been recommended; accordiua toGautier, two-thirds of the arsenic in such a case are retained.
"""^ to
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The characteristics of the metallic stains which may occur

either on glass or porcelain in the use of Marsh's test, may be

noted as under :

—

MiKROE OR OrUST OF

Arsenic

Is deposited at a little dis-

tance from the flame.

An arsenical stain is in two

portions, the one brownish, the

other a glittering black.

On heating, it is rapidly

volatilised as arsenious acid.

On transmission of a stream

of SHg, whilst immediately be-

hind the stain a gentle heat is

Mirror or Crust of
Antimony

Is deposited close to the

flame, and on both sides of it,

and is therefore notched.

The stain is tolerably homo-

geneous, and usually has a tin-

like lustre.

Volatilisation very slow ; no
crystalline sublimate obtain-

able.

The same process applied in.

the case of antimony produces

the orange or black sulphide

;

applied, the arsenic is changed and on passing dry OIH, chlo

ride of antimony volatilises

without the application of heat.

Antimony not affected.

Dissolves slowly but com-

pletely the antimony stain.

No precipitate with anti-

mony.

to yellow sulphide]* if dry

OIH is now transmitted, the

arsenical sulphide is unchanged.

Chloride of lime dissolves the

arsenic completely.

Protochloride of tin has no

action on metallic arsenic.

The arsenic stain, dissolved

in aqua regia, or CIH and

chlorate of potash, and then

treated with tartaric acid, am-

monia, and magnesia mixture,

gives a precipitate of ammonia
magnesian arseniate.f

* It is desirable to dissolve away the free sulphur often deposited with

the arsenical sulphide by bisul])hide of carbon.
.

t Schonbein has proposed ozone as an oxuliser of arsemcal stains. The

substance containing the stain, together with a piece of moist l^osphorus

L placed under a lhade, and Mt there for some time ;
the oxidisation

product s, of course, coloured yellow by SH, if it is ™ous acid, orange

if antimony. The vapour of iodme colours metallic a^emc pale j
ellow,

ind laTer a brownish hue; on exposure to the air it lo^^s its colour^

Iodine, on the other hand, gives with antimony a carmehte brown, changmg

*°An''4senical ring mav be also treated as foUows :-Precipiteted zinc

sulplude fsi a paste with a
^'^^."^""^.r ^^Sirlfadd

end of the tube ; the same end is then plunged mto filu e sulphun. acid,

and the ring heated, when the arsemcal sulphide will be pioduced.
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Eeinsch's Test is a simple electrolytic method of depositing
arsenic on copper :—A piece of pure bright copper foil or gauze
is attached to a platinum wire, and the copper immersed in the
liquid to be tested, which is then boiled. The liquid must be
distinctly acid, and should be contained in a flask, the mouth of
which is conveniently partially closed by a funnel, the free end
of the wire reaching well out of the flask, so that the copper
may be from time to time examined. The boiling in very dilute
solutions should be prolonged, but it need not be violent—a gentle
simmering is all that is required. The copper, if a very minute
quantity of arsenic is present, will have a greyish stain upon it

;

with larger quantities a somewhat glistening black-lead appear-
ance is produced. Mercury, sulphur, selenium, and antimony,
all stain copper.

On heating the stained copper in the subliming cell (p. 242)
or in a tube, if mercury is present it will sublime in microscopic
globules. Sulphide of copper can be rubbed off with the fingers,
but the arsenical stain, on the contrary, is a true alloy, consistino-^
according to Lippert,* of one atom of arsenic and five of copper!
The arsenical stain, again, dissolves in caustic ammonia; the
sulphide of copper does not do so. The arsenical stain also
dissolves m a mixture of equal parts of water and CIH with
development of hydrogen, an action which does not take place
with sulphide of copper.
The arsenical stain, when heated in the tube or cell o-ives a

crystalline sublimate of arsenious acid ; while the antimonial
stam IS much bluer, and gives no crystalline sublimate. More-
over, the antimony can readily be converted into antimoniate of
potash, by warming the copper in water made alkaline by potash,
and first reddened by potassic permanganate; heated in thisway it, of course dissolves; and on filtering off the manganese,

is obtaSir •

^^^^^""^ ^^^^ ^^2' ^^''^ '''^''S^ sulphide

Some of the foregoing tests may be applied if there is sufficient
material but if not, it is better at once to pass to Bloxam'smethod (p 533), which will give positive results without inter-
fering with subsequent tests.

§ 640. Arsenic va Organic Matters.—Or^ and the older school
ofchemists took the greatest care in searching for arsenic to destroy
the last trace of organic matter. Orfila's practice was to chopup the substance and make it into a paste with 400 to 700 crrms
of water

;
to this -010 grm. KHO in alcohol were added, and •020

Knlo^'f
The substances were heated.up to from

80 to 90 for some time, until they were pretty well dissolved ; the
* Journ.f. Pract. Chemie, 13, 68, p. 168,
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organic matter was then burnt off in a Hessian crucible heated

to redness, on which small quantities of the matters were placed at

a time. When the whole had thus been submitted to red heat,

the melted mass was run into an almost red-hot porcelain basin, and

allowed to cool. Afterwards, it was again heated with concentrated

sulphuric acid, until all nitric and nitrous fumes were dissipated
;

on dissolving and filtering in water, the liquid was introduced

into a Marsh's apparatus. Orfila never seems to have failed in

detecting arsenic by this process. For an organ like the liver,

he considered that 100 grms. of potash and 86 of strong sulphuric

acid were necessary in order to destroy the organic matters.

The liability of the various reagents used to impurity, and the

probability of loss in these operations have tended to discredit

destruction of the organic matter by a red heat, and chemists

generally have preferred to oxidise animal matters by a moist

process. The organic substance is divided finely and digested

with dilute hydrochloric acid, and from time to time crystals of

potassic chlorate are thrown in until all the fluid is very thin

and capable of passing through a filter. The filtrate must now

be submitted to the prolonged action of sulphuretted hydrogen,*

and the sulphide of arsenic separated from free sulphur by dis-

solving in sodic sulphide. After filtering, the arsenic sulphide

may be again thrown down by the addition of hydrochloric acid,

collected on a filter, and still further purified by solution m
ammonic carbonate ; once more precipitated by hydrochloric acid,

and lastly identified by conversion into magnesia pyro-arseniate

(see p. 539). The above process is a very general and safe way

of detecting arsenic in almost any organic tissue, but some sub-

stances may be more conveniently treated by special processes.

Resinous matters, for example, may be first extracted by alcohol,

and the residue dissolved in dilute hydrochloric acid, and boiled

in a flask which is connected to a vertical condenser. The

alcoholic solution may be tested by electrolysis to see whether

any arsenic has been dissolved ; if this is the case, the resm

may be precipitated by water and filtered ofl".

From ordinary pills, quack extracts, and similar preparations,

dryin" powdering, and exhaustion with boiling dilute HCl, will

remove the whole of the arsenic, if in a soluble state
;

if not,

aqua regia must be employed.

Oils and matters consisting almost entirely of fat, suspectea

of containing arsenic, are gently heated, and allowed to deposit

any insoluble matter they may contain; the oil is then decanted,

* The SH2 should be washed by passing it throush t«^«

bottles supplied with warm dilute HCI-a few samples of sulphide of iron

give off an arsenifcrous gas, so that this precaution is necessary.
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and, if necessary, filtered from any deposit
;

saponified by
alcoholic potash, the soap decomposed by HOI, the fatty acids

separated, and the arsenic looked for both in the first deposit and
in the solution, now fairly free from fat, and easy to treat.

In searching for arsenic in the fluids or tissues of the body,

the analyst is generally at the mercy of the pathologist, and
sometimes the work of the chemist leads to a negative result,

solely from not having the proper organ sent to him.*
Brodie long ago stated that when arsenious acid had been

given in solution, to any animal capable of vomiting, no arsenic

could be detected in the stomach ; this statement is too absolute,
but in the majority of cases true.

In all cases the chemist should have portions of the brain,
spinal cord, liver, kidneys, lungs, and muscular tissue, as weU
as the stomach and its contents.

Accordingto the experiments of Scolosuboff,t arsenic isgenerally
greatest in the marrow, then in the brain, next in the liver, and
least in the muscles, and the following may be taken as a fairly
accurate statement of the relative proportion in which arsenic
is likely to be found in the body, 100 grms. being taken of each :

—

Muscles, 1
Liver, 10-8
Bram, 36-5
Spinal Marrow, 37-3

But Ludwig'sl experiments and conclusions are entirely
opposed to this, since both in acute and chronic cases he found
as follows (per cent. AsgOg) :

—

Brain, .0002
Liver, .Qoi
^idney, -0004
Muscle, .00025

So that he detected in the liver five times more than in the
brain. M. P. Hamberg has also confirmed the fact, that more
IS found m the liver and kidneys than in the nervous tissues.
With regard to the preliminary treatment of the stomach and

fluids submitted to the analyst, the careful noting of appearances,
the decantation, washing, and examination

§ (microscopical and
* For example, in cases of poisoning by external application, more than

once merely the empty stomach and a piece of mtestine have been forwarded
to the writer.

t Bull. 80c. Cliim. [2], xxiv., p. 124.
X Ueber die Verhaltung dea Arsens im tUeriscUn Organismus nachEinverlcihung von Arseniger Saure. Med. Jahrhuch 1880

f ^AnTcr^ "'tfwrf
^^^^^^^^^ a recent number of the Zeitschri/t

it kSnnlf }f
seem necessary to test all glass vessels used : forIt 13 difficult at present to purchase arsenic-free glass.

34
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chemical) of any deposit, are precautions so obviously dictated by

common sense, that they need only be alluded to in passing. Of

some considerable moment is the question which may be put to^

the analyst in court, in reference to the possible entrance of

arsenic into the living body, by accidental and, so to speak,

subtle means. Such are the inhaling of the fumes from the

burning of arsenical candles,* and of emanations from papers

(see p. 532),t as well as the possible entrance of arsenic into

the body after death from various sources, such as arsenical

earth, cfecj

The arguments which are likely to be used in favour of a

corpse having become arsenical may be gathered from a case

related by Sonnenschein :—Certain bodies were exhumed in two

churchyards; the evidence went to show that they had been

poisoned by arsenic, and this substance was actually found in

the bodies, Avhile at the same time it was discovered to exist also

in traces in the earth of the churchyard. The theory for the

defence was, that although the arsenic in the earth was in an

insoluble state, yet that it might combine with lime as an

arsenite of lime; this arsenite would become soluble by the

action of carbonic acid set free by vegetation, and filter down

to the corpse. Sonnenschein suspended a quantity of this earth

in water, and passed GO^ through it for twelve hours; on filtering,

the liquid gave no evidence of arsenic. A similar result was

obtained when an artificial mixture of 1 grm. of arsenious acid

and 1 pound of earth were submitted to the same process.

The fact would appear to stand thus: oxide of iron in ordinary

earth retains arsenic, and requires treatment with a concentrated

acid to dissolve it. It therefore follows that, if a defence of

arsenical earth is likely to be set up, and the analyst finds that

by mere extraction of the tissues by water he can detect arsenic,

» See a case of poisoning (non-fatal) of a lady by the use of arsenical

candles, i/ecZ. Times a?irf Cazeite, vol. ui., 1S76, p. 367.

t To solve this question, it has been at tunes considered necessary to

analyse an extraordinary number of things. In tl^e/^ff^^^^-ff^f^,

(Join. d'Hygiene, 2e ser., No. lOS, July, 187S), more than sixty different

articles, comprising drugs, drinks, perfumes, bed-curtains, wall-paper, and

other matters, were submitted to the experts.
.

± The following important case is related by Sonnenschein-^

Nicholas NobeTand his wife, Jerome, were ^^'^^ t^^'«/"?*^^f^^"°'"^^^

other in the churchyard at Spinal, the earth of which notoriously contained

arsenic. A suspicion of poisoning arose.
.
The bodies

^"X, ^tiHo^ the
arsenic was found in the stomach and intestmes of Nobe ,

but not tu^

slightest trace in the corpse of the wife. The remams of l.«di^ were

reinterrcd, and after six months, on a fresh suspicion of PO^fO'V^f, ^"^J
again exhumed. The corpse of the woman had been put ^^^ed m the nK,iss

earth during a heavy shower, but this time also no arsemc was detected m lu
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the defence is in all probability unsound. The expert should, of
course, deal with this question on its merits, and without pre-

judice. According to Eulenberg,* in arsenical earth-—if after

having been crushed and washed, it lies for some time exposed
to the disintegrating action of the air—soluble arsenical salts

are formed, which may find their way into brooks and supplies
of drinking water. We may infer that it is hardly probable
(except under very peculiar circumstances) for a corpse to be
contaminated internally with an estimable quantity of arsenic
from the traces of arsenic met with in a few churchyards.

It occasionally happens that an exhumation is ordered a very
long time after death, when no organs or parts (save the bones)
are to be distinguished. In the case of a man long dead, the
widow confessing that she had administered poison, the bones
were analysed by Sonnenschein, and a small quantity of arsenic
found. Conierbe and Orfila have both asserted that arsenic is a
normal constituent of the bones—a statement which has been
repeatedly disproved. Sonnenschein relates :—f " I procured from
a churchyard of this place (Berlin), the remnants of the body of a
person killed twenty-five years previously, and investigated several
others in a similar way, without finding the least trace of arsenic.
Similar experiments in great number were repeated in my
laboratory, but in no case Avas arsenic recognised." The opinion
of the expert, should he find arsenic in the bones, must be
formed from the amount discovered, and other circumstances.

§ 641. Imbibition of Arsenic by Dead Tissues.~ln a case
which occurred in the Western States of America, there was
good reason for believing that arsenic had been introduced into
the corpse of a man after his decease. With regard to the
imbibition of arsenic thus introduced, OrfilaJ says: "I have
often introduced into the stomach (as well as the rectum) of
the corpses of men and dogs 2 to 3 grms. of arsenious acid,
dissolved m from 400 to 500 grms. of water, and have examined
the difi^erent viscera at the end of eight, ten, or twenty days.
Constantly I have recognised the efi"ects of cadaveric imbibition.
Sections of the liver or other organs which touch the digestive
canal, carefully cut and analysed, furnished arsenic, which could
not be obtained sensibly (or not at all) from sections which had
not been in contact with this canal. If the corpse remained
long on the back after arsenious acid had been introduced into
the stomach, I could obtain this metal from the left half of the
diaphragm and from the inferior lobe of the left lung, whilst I

* Gewerhe IfyrjUne, p. 284. + Oerichtl. Chem., p 212
J Op. cit., t. i., p. 309.
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did not obtain it from other portions of the diaphragm nor

from the right lung." Dr. Reece has also made some experiments

on the imbibition of arsenic after death. He injected solutions

of arsenious acid into the stomach of various warm-blooded

animals, and found at various periods arsenic, not alone m the

intestinal canal, but also in the spleen, liver, and kidneys.
_

§ 642. Analysis of Wall-iJaper for Arsenic—TDnQ separation ot

arsenic from paper is extremely easy, and admits of great variety

of manipulation. A very quick special method is as follows :—

The paper is saturated with chlorate of potash solution, dried,

set on fire in a suitable plate, and instantly covered with a bell-

<Tlass. The ash is collected, pulverised, and exhausted with cold

water, which has previously thoroughly cleansed the plate and

bell-glass; the arsenic in combination with the potash is dissolved,

whilst oxides of chromium, copper, aluminium, tin, and lead, re-

main in the insoluble portion.*
. j ^

On investigating the air of a room or chamber suspected ot

beino- impregnated with arsenic, it is important to know whether

it is caused by arsenical dust or by AsHg. In the case ot a

child dying with symptoms of arsenical poisoning m a room

papered with a pigment containing Scheele's green, SonnenschemT

placed a perfectly clean table in the room, which was kept closed

for eic^ht days. At the end of that time he examined the dust

of the table by the microscope and chemically; the former re-

vealed green particles, the latter arsenic. It would, however,

appear both a more rapid and convenient method to draw a

larcre number of litres of air through a solution of nitrate ot

silver, and filter the air through cotton wool; at the termination

of the experiment examining the wool for arsenical dust, and

the nitrate of silver for arsenious acid. A convenient aspirator

for such a purpose is an ordinary ale cask, filled with water,

a bit of brass tubing is screwed through a hole in the bung,

and connected with the absorption apparatus the water bem

allowed to trickle away slowly through a tap placed m the usual

^""ft^^'^Estimation of Arsenic.-Ko.t of the "methods for the

quantitative determination of arsenic are also e^<=«ll5^^yff

'

its presence. It may be regarded, indeed, as an axiom m legal

* KapferscUaeger : Rev. UniverseUe des Mines, 1S76.

J-Iandbuch der Gerichtl. Chem., p. 153.
arsenical from manu-

t The investigation of emanations supposed to
appear

factories, &c., must be conducted on tbe same principles.
^ I^.^^ric acid on

that arsenicai fumes are evolved in the f.-^^mn of imp^^^^^^

coprolites, a fact not before observed.-" On the Presence ot Arsemc

Vapour of Bone Manure, " by J. Adams.
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chemistry, that the precise amount of every substance detected,

if it can be weighed or estimated by any process whatever, should

be accurately stated. Indefinite expressions, such as " a sraall

quantity was found," "traces were detected," &c., are most objec-

tionable. The more perfect of the methods of evolving arsenic

can be made quantitative. For example, the galvanic process

introduced by Bloxam may be utilised as follows :—A fractional

part of the arsenical solution is taken for the experiment ; the

bottom of a narrow-necked bottle of about 100 cc. capacity is

removed, and replaced by a piece of vegetable parchment. The
neck of the bottle carries a cork, which is pierced by (1.) a

platinum wire, which is attached to a platinum electrode, (2.) a

short tube, bent at right angles, and connected by piping with a

longer tube which has also a rectangular bend, and dips into a

solution of silver nitrate; (3.) an ordinary funnel-tube, reaching

nearly to the bottom. The bottle is placed in a beaker of such a

size as to leave a small interval between the two, and the whole
apparatus stands in a large vessel of cold water. Dilute sul-

phuric acid is now put into the bottle, and also into the beaker,

so that the fluid reaches exactly the same level in each. The
positive platinum electrode of a battery of six of Grove's cells, or

other efiicient combination, is immersed in the liquid outside the
bottle, connection with the negative plate is established, and
hydrogen very soon comes ofi", and passes over into the nitrate

of silver solution. When all the air is expelled, a portion of the
rectangular tube is heated to redness, and if there is no stain nor
any reduction of the silver, the acid is pure. If the gas is passed
for a long time into the silver solution, the silver will be reduced
to some extent by the hydrogen, although arsenic-free ; * so that
it is better to rely upon the metallic ring or stain, which is

certain to be formed on heating a portion of the tube red-hot,
and keeping it at that temperature for at least ten minutes. The
liquid is then passed through the funnel in successive portions

;

if arsenic is present, there will be a decided metallic ring on
heating the tube as before, and if antimony is present, there will
also be a stain; the distinctions between these stains have been
described at p. 526.

The tube is kept red-hot until the stain is very distinct; then
the source of heat is removed, and the gas allowed to bubble
through the argentic nitrate solution, which it decomposes, as
before detailed (p. 496). This process is continued until, on

* Nitrate of silver solution is reduced by Hg, CH3, PH3, and SbHs; hence
It IS absolutely necessary m any qualitative examination to prove that
araenious acid has actually been produced in the silver solution.
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placing the delivery tube in a sample of clear nitrate of silver

solution, there is no darkening of colour. In certain cases this

may take a long time, but the apparatus, once set to work,

requires little superintendence. At the conclusion, the whole
of the arsenic is separated,—part is in the silver solution as

arsenious acid, part in the tube as a ring of metallic arsenic.

The portion of the tube containing the metallic arsenic should

be cut off with a file and weighed, the arsenic then removed and

re-weighed ; the loss is the metal approximately. Or, the weight

of the film may be estimated by having a set of similar deposits

of known weight or quantities, in tubes exactly corresponding to

those used in the analysis, and comparing or matching them.

The arsenious acid in the nitrate of silver may be dealt with

in several ways. The equation given p. 496 shows clearly that

pure arsine passed into nitrate of silver solution, decomposes it

in such a manner that, if either the silver deposited or the free

acid is estimated, the quantity of arsenic can from such data be

deduced. In operating on organic liquids, ammonia and other

products may be given ofi", rendering either of the indirect

processes inadvisable. A very convenient method, applicable

in many cases, is to throw out the silver by hydrochloric acid,

alkalise the filtrate by bicarbonate of soda, and titrate with

iodine solution. The latter is made by dissolving exactly 12-7

grms. of pure dry iodine, by the aid of 18 grms. of potassic iodide

in one litre of water, observing that the solution must take

place in the cold, without the application of heat. The principle

of the titration is, that arsenious acid, in the presence of water

and free alkali, is converted into arsenic acid

—

AS2O3 + 41 + 2Na,,0 = AS.3O, + 4NaI

The end of the reaction is known by adding a little starch-

paste to the solution; as soon as a blue colour appears, the

process is finished.

Another convenient way by which (in very dilute solutions of

arsenious acid) the arsenic may be determined, is a colorimetric

method, which depends on the fact that sulphuretted hydrogen,

when arsenious acid is present in small quantity, produces no

precipitate at first, but a yellow colour, proportionate to the

amount of arsenic present. The silver solution containing

arsenious acid is freed from silver by hydrochloric acid; a

measured quantity of saturated SHg water is added to a fractional

and, if necessary, diluted portion, in a Nessler cylinder or

colorimetric apparatus, and the colour produced exactly imitated,

by the aid of a dilute solution of arsenious acid, added from a
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burette to a similar quantity of SHg water in another cylinder,

the fluid being acidified with HOI.

§ 644. Destruction of the Organic Matter hy Nitric Acid, and

Subsequent Reduction of the Arsenic Acid to Arsine {Arseniuretted

Hydrogen), and final Estimation as Metallic Arsenic.—This pro-

cess, which is essentially a combination of several, has been

much improved in its details recently by R. H. Chittenden and

H. H. Donaldson.* 100 grms. of the suspected matters cut up

into small pieces, are heated in a porcelain dish of suitable size,

stirred by means of a glass rod with 23 cc. of pure concentrated

nitric acid, and heated up to from 150° to 160°. When the

matters assume a yellow or orange colour, the bath is removed

from the source of heat, and 3 cc. of pure concentrated sulphuric

acid added, and the mixture stirred, when the mass becomes

brown, swells up, and evolves dense nitrous and other fumes.

The vessel is again heated to 180°, and while hot 8 cc. of pure

concentrated nitric acid are added, drop by drop, with continual

stirring. After this addition, it is heated to 200° for fifteen

minutes, and the result on cooling is a hard carbonaceous residue

wholly free from nitric acid. The arsenic is in this way oxidised

into arsenic acid, which is easily soluble in water. The contents

of the dish are, therefore, perfectly extracted by boiling water;

the aqueous extract filtered, and evaporated to dryness. The
next process is to obtain the arsenic in a metallic state :

—

The flask, a Bunsen's wash-bottle of 200 cc. capacity, is pro-

vided with a small separating funnel of 65 cc. capacity, with
glass stop-cock. This is a very material aid to the obtaining of

a slow and even evolution of gas, an important desideratum
when all loss is to be avoided ; for with only a funnel tube,

every time a small portion of fluid is added, a sudden rush of

gas takes place, with probably a small but still more or less

appreciable loss. But the separating funnel, filled with the acid
mixture, can be so arranged as to give a constant and regular
supply of fluid at the rate of two or three drops per minute,
more or less. The gas generated is dried by a calcic chloride
tube, and then passes through a tube of hard glass, heated
to a red heat by a miniature furnace of three Bunsen lamps
with spread burners, so that a continuous flame of 6 inches
is obtained, and with a proper length of cooled tube not
a trace of arsenic passes by. The glass tube where heated is

wound with a strip of wire gauze, both ends being supported
upon the edges of the lamp frame, so that the tube does not sink
down when heated. The small furnace is provided with two

• American Chem. Journ., vol. ii., No. 4; Cliem. News, Jan. 1881, p. 21.
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appropriate side pieces of sheet metal, so that a steady flame is
always obtained. "When the quantity of arsenic is very small,
the tube is naturally so placed that the mirror is deposited in
the narrow portion ; but when the arsenic is present to the extent
of 0-005 grm., the tube should be 6 mm. in inner diameter, and
so arranged that fully 2 inches of this large tube are between
the flame and the narrow portion. When the quantity of arsenic
is less, the tube can naturally be smaller.

Acids of difierent strengths are made as follows :

—

Acid No. 1. Acid No. 2.

545 cc. pure cone. H2SO4. 109 cc. pure cone. H2SO4.
5000 cc. H2O. 1640 ee. Acid No. 1.

Acid No. 3. Acid No. 4.

218 cc. pure cone. H2SO4. 530 cc. pure cone. H2SO4.
1640 cc. Acid No. 1. 1248 cc. H2O.

25 to 35 grms. of granulated zinc, previously alloyed with a
small quantity of platinum, are placed in. the generator, and
everything being in position, the apparatus is filled with
hydrogen by the use of a small quantity of acid No. 2. After

a sufiicient time has elapsed, the gas is lighted at the jet, and the

glass tube heated to a bright redness.

The arsenical solution in concentrated form is mixed with

45 cc. of acid No. 2, and the mixture passed into the separating

funnel, from which it is allowed to flow into the generator at

such a rate that the entire fluid is introduced in one hour or

one and a half; 40 cc. of acid No. 3 are then added and allowed

to flow slowly into the generator, and, lastly, 45 cc. of acid

No. 4. The amount of time required will vary with the amount
of arsenic: 2 to 3 mgrms. of arsenic will require about two to three

hours for the entire decomposition, while 4 to 5 mgrms. will

need perhaps three to four hours. Where the amount of arsenic

is small, only 25 grms. of zinc are needed, and but 45 cc. of acid

No. 2, 30 cc. of acid No. 3, and 30 cc. of acid No. 4 ; but when

4 to 5 mgrms. of arsenic are present, it is better to take the first

mentioned quantities of zinc and acids.

tM: The arsenic being thus collected as a large or small mirror of

metal, the tube is cut at a safe distance from the mirror, so that

a tube of perhaps 2 to 6 grms. weight is obtained. This is care-

fully weighed, and then the arsenic removed by simple heating

;

or, if the arsenic is to be saved (as in a toxicological case), dissolved

out with strong nitric acid. The tube is then cleaned, dried,
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and again weighed, the difference giving the weight of metallic

arsenic, from which, by a simple calculation the amount of

arsenious oxide can be obtained. Some test results are given

as follows; they were obtained by introducing definite quantities

of arsenious oxide in the form of a solution mixed with 45 cc.

of No. 2 acid, &c :

—

Quantity of
Arsenic introduced.

0-005 grm.
0 005 „
0-004

0 002 „

AS2O3

Wt. of Metallic
Arsenic found.

0-00373
0-00370
0-00300
0-00151

Theoretical Wt. of
Metallic Arsenic.

0-00378
0-00378
0-00303
0-00151

The process is, on the whole, both convenient and accurate, and
is highly to be commended.

§ 645. Evolution ofArsine hy Means of Sodium Amalgam.—The
method has been proposed by Dr. E. Davy,* and is simply the

evolution of nascent hydrogen by sodium amalgam. In the

original paper it is suggested as a qualitative test only,

and paper soaked in argentic nitrate solution is used as an
indicator. It is, however, obvious that the arsenic evolved may
be absorbed by argentic nitrate solution, or arsenic deposited

as a metallic coating in the tube. A sodium amalgam is pre-

pared by adding 1 part of sodium to 10 parts of mercury; if any
quantity of this amalgam is required, the sodium may be melted
under paraffin, and poured in a thin stream on to the mercury,f
which becomes solid sooner than the paraffin, and the latter may
be poured off, finally cleansing the amalgam by petroleum ether.
This amalgam will contain no arsenic; but in a medico-legal
investigation it should be nevertheless tested, by evolving
hydrogen from water with it, and passing the gas for an hour
through argentic nitrate solution. A little silver may be pre-
cipitated, giving the solution a slightly smoky colour; but on
freeing the solution from silver by HOI, no arsenic should be
detected by hydric sulphide or other tests.

The quantitative analysis by Davy's test is made by placing
in a flask a fractional part of the liquid to be examined, adding
a few pieces of the amalgam, and conducting the evolved gas
into a i per cent, argentic nitrate solution. The flask may be
conveniently fitted up with an india-rubber cork pierced by two
tubes, the one a thistle funnel-tube, reaching nearly to the
bottom, the other commencing at the lower end of the cork, and
leading in the usual way into the silver solution. When bubbles

* Chem. News, vol. xxxiii., p. 58.

t Ibid., vol. xxxiii., p. 94.
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cease to come off, heat should be applied, and the last trace of

arsine driven over by boiling. After boiling, the liquid should

be cooled, some fresh amalgam added, and the process repeated

until no arsine is evolved. In personal experiments upon this

method (using solutions of arsenious acid in beer, wine, spirits,

urine, &c.) the writer has found it accurate, although often

taking considerable time.

§ 646. Frecipitation as Tersulphide.—Despite the advantages

of some of the processes described, which are (to a certain extent)

new, easy, and accurate, not a few chemists still prefer the old

method of precipitation with hydric sulphide SH,, because,

although tedious, it has stood the test of experience. If this be

used, it is well in most cases to pass sulphurous anhydride

through the liquid until it smells strongly of the gas, for by

this means any arsenic acid present is reduced, the sulphurous

anhydride is quickly got rid of by a current of carbonic anhy-

dride, and then the liquid is saturated with hydric sulphide.

In the ordinary way, much time is often wasted in saturating

the liquid with this gas. Those, however, who have large

laboratories, and daily employ hydric sulphide, possess (or should

possess) a water saturated with the gas under pressure; such a

liquid, added in equal volume to an arsenical solution, is able

to convert the whole of the arsenic into sulphide in a very few

minutes. Those who do not possess this hydric sulphide water

can saturate in an hour the liquid to be tested, by passing the

gas in under pressure. A convenient method is to evolve SH^

from sulphide of antimony and OIH; the gas passes first into a

wash-bottle, and then into a strong flask containing the solution

under trial. This flask is furnished with a safety-valve, propor-

tioned to the strength of the apparatus ; the two tubes dipping

into the wash-bottle and the last flask are provided^ with

Bunsen's valves, which only allow the gas to pass in one direc-

tion. The hydric sulphide is then driven over by heat, and

when sufficient gas has in this way passed into the liquid, the

flame is withdrawn, and the apparatus allowed to stand for some

hours, the valves preventing any backward flow of the liquid

or gas. When the precipitate has settled to the bottom, the

supernatant fluid is carefully passed through a filter, and tlie

precipitate washed by decantation in the flask, without trans-

ference to the filter, if it can be avoided.
. , n

The sulphide thus obtained is the trisulphide of arsenic,

mixed with sulphur, and, in most medico-legal inquiries, con-

taminated by organic matter. It is, therefore, too impure to be

directly weighed, and there are several methods of purifacation

open to the analyst.
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(a.) Solution in Ammonia and Estimation by Iodine.*—The

filter is pierced, the sulphide washed into a flask by ammonia
water (which need not be concentrated), and dissolved by

warming, filtered from any insoluble matter, and estimated by
iodine and starch.

(6.) Drying the Purified Precijntate at a high temperature., and
then directly weighing.

\

—The sulphide is dissolved, as beft)re,in

ammonia, filtered, and evaporated to dryness in a porcelain dish,

which is placed with its contents on a sand-bath, and heated

carefully. With attention it is easy to evaporate off" in this

way any free sulphur, % and to carbonise the traces of organic

matter, without any volatilisation of the sulphide of arsenic.

The black mass is once more dissolved in ammonia, filtered, and
the filtrate evaporated in a tared porcelain dish to dryness, and
finally weighed as sulphide of arsenic.

(c.) Oxidation of the Sulphide and Precipitation as Amm,onia
Magnesian Arseniate, or Magnesia Pyro-Arseniate.—The tersul-

phide, as before, is dissolved in ammonia (not omitting the filter

paper, which should be soaked in this reagent), the solution filtered,

and evaporated to dryness. The dry residue is now oxidised by
fuming nitric acid, taking care to protect the dish with a large

watch-glass (or other cover) during the first violent action; the
dish is then heated in the water-bath until all the sulphur has
disappeared, and only a small bulk of the liquid remains ; it is

then diluted and precipitated by "magnesia inixture."§ The
fluid must stand for several hours, and, if the arsenic is to be
determined as the usual ammoniacal salt, it must be passed
through a weighed filter, and washed with a little ammoniacal
water (1:3). The solubility of the precipitate is considerable,
and for every 16 cc. of the filtrate (not the washings) 1 mgrm. must
be allowed. The precipitate dried at 100°, 2(NH4MgAs04)H,0
represents 39-47 per cent, metallic arsenic.

The solubility of the magnesium arseniate itself, and the
general dislike which chemists have to weighing in such
hygroscopic material as a filter are, perhaps, the main reasons
for the variation of this old method, which has lately come

* P. Champion and H. Pellet, Bull. Soc. Chim. [2], xxvj., pp. 541-544.
+ F. Molir, Chem. Toxicolorjie, p. 56.

% Ammonia always dissolves some free sulpliur.

§ Magnesia Mixture :

—

Sulphate of magnesia, ...... 1
Chloride of ammonium, ......]
Solution of ammonia, ...... 4
Water, g

dissolve; then allow to stand for several days; finally filter, aiid keep for use.
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into notice. Rose proposed some time ago the conversion

of the double salt into the pyro-arseniate—a method condemned

by Fresenius and Parnell, but examined and pronounced

a practicable and accurate process by Remol, Eaunnelsberg,

Thorpe, Fuller, Wittstein, Emerson, Macivor, Wood, and Brauner.

The modification of Rose's process, recommended by Wood,* and

still further improved by Brauner, f may be accepted.

The precipitation is effected by magnesia mixture, with the

addition of half its bulk of alcohol. The solution is allowed to

stand for several hours, until it is possible to decant the clear

liquid from the precipitate; the latter is now dissolved in OIH,

reprecipitated as before, thrown on a small filter, and washed

with a mixture of one volume of ammonia, two volumes of alcohol,

and three of water.

The precipitate is now dried, and transferred as completely as

possible from the filter into a small porcelain crucible, included

in a larger one made of platinum, moistened with nitric acid,

covered and heated at first gently, lastly to a bright redness; the

filter is then treated similarly, and the crucible with its contents

weighed. Pyro-arseniate of arsenic (Mg^AsgOy) contains 48-29

per cent, of metallic arsenic.

(d.) Conversion of the Trisulphide of Arsenic into tlie Arsenomo-

lybdate of Ammonia.—The purified sulphide is oxidised by nitnc

acid, the acid solution is rendered alkaline by ammonia, and then

precipitated by a molybdenum solution, made as follows :—100

grms. of molybdic acid are dissolved in 150 cc. of ordinary

ammonia and 80 of water; this solution is poured drop by drop

into 500 cc. of pure nitric acid and 300 cc. of water; it is allowed

to settle, and, if necessary, filtered. The molybdic solution must

be mixed in excess with the liquid under treatment, the tempera-

ture raised to 70° or 80°, and nitric acid added in excess until a

yellow coloration appears; the liquid is then passed through a

tared filter, and dried at 100°. It contains 5-1 per cent, of

arsenic acid [3-3 As]. J -,, „. i • xf
(e ) Conversion of the Sidphide into Metallic ^rsentc—If there

should be any doubt as to the nature of the precipitated sul^

stances, the very best way of resolving this doubt is to reduce

the sulphide to metal. The original process of Fresenius was to

mix the sulphide with carbonate of soda and cyanide of potas-

sium, and place the mixture in the wide part of a tube of hard

German glass, drawn out at one end to a capillary fineness Oar

bonic anhydride, properly dried, was passed through the tube,

Zcitschriftfiir Anal. Chem., vol. xiv., p. 356.

t /Mrf., xvj., pp. 57, 58. n 1Q7I7

t Champion and Pellett, Bull. Soc. Clnm., Jan. 7, 1877.
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and the portion containing tlie mixture heated to redness; in

this way the arsenical sulphide was reduced, and the metal con-

densed in the capillary portion, where the smallest quantity could

be recognised. A more elaborate and accurate process, based on

the same principles, has been advocated by Mohr.*

A convenient quantity of carbonate of soda is added to the

sulphide, and the whole mixed with a very little water, and

gently warmed. The yellow precipitate is very soon dissolved,

and then the whole is evaporated carefully, until it is in a granular,

somewhat moist, adhesive state. It is now transferred to a glass

tube, open at top and bottom, but the top widened into a funnel;

this tube is firmly held perpendicularly on a glass plate, and the

prepared sulphide hammered into a compact cylinder by the aid

of a glass rod, which just fits the tube. The cylinder is now dried

over a flame, until no more moisture is to be detected, and then

transferred into a glass tube four or five inches long, and with

one end drawn to a point (the weight of this tube should be first

accurately taken). The tube is connected with the following

series:—(1.) A chloride of calcium tube; (2.) a small bottle

containing nitrate of silver; (3.) a hydrogen-generating bottle

containing zinc and sulphuric acid. The hydrogen goes through

the argentic nitrate solution, leaving behind any sulphur and
arsenic it may contain; it is then dried by chloride of calcium,

and streams in a pure dry state over the cylinder of prepared

sulphide (no error with regard to impurities in the gas is likely

to occur ; but in rigid inquiries it is advisable to heat a portion

of the tube, previous to the insertion of the cylinder, for some
time, in order to prove the absence of any external arsenical

source) ; when it is certain that pure hydrogen, unmixed with
air, is being evolved, the portion of the tube in which the
cylinder rests is heated slowly to redness, and the metallic

arsenic sublimes at a little distance from the source of heat.

Loss is inevitable if the tube is too short, or the stream of

hydrogen too powerful.

The tube after the operation is divided, the portion soiled by
the soda thoroughly cleansed, and then both parts weighed ; the
difference betAveen the weight of the empty tube and the tube +
arsenic gives the metallic arsenic. This is the process as recom-
mended by Mohr ; it may, however, be pointed out that the
glass tube itself loses weight when any portion of it is kept
red-hot for some little time

;
and, therefore, unless the crust is

required in the original tube, it is better to divide it, carefully
weigh the arsenical portion, remove the crust, and then reweigh.

* Mohr's Toxicologie, p. 57.
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The method is nearly but not perfectly accurate; for if the white

alkaline residue be examined, arsenic will be detected in it, the

reason being that the arsenical sulphide generally contains penta-

sulphide of arsenic as well as free sulphur. Now the pentasul-

phide does not give up metallic arsenic when treated as before

detailed ;
nor, indeed, does the trisulphide, if mixed with much

sulphur, yield an arsenical crust. It is, therefore, of great

moment to free the precipitate as much as possible from sulphur,

before attempting the reduction.

The development of a reducing gas from a special and some-

what complicated apparatus is not absolutely necessary. The

whole process of reduction, from beginning to end, may take

place in a single tube by any of the following processes :—(1.)

The sulphide is mixed with oxalate of soda (a salt which contains

no water of crystallisation), and the dry mixture is transferred

to a suitable tube, sealed at one end. An arsenical mirror is

readily obtained, and, if the heat is continued long enough, no

arsenic remains behind—an excellent and easy method, in which

the reducing gas is carbonic oxide, in an atmosphere of carbonic

anhydride. (2.) The sulphide is oxidised by aqua regia, and the

solution evaporated to complete dryness. The residue is then

dissolved in a few drops of water, with the addition of some

largish grains of good wood charcoal (which absorb most of the

solution), and the whole carefully dried. The mass is now trans-

ferred to a tube closed at one end, a little charcoal added in the

form of an upper layer, and heat applied first to this upper layer,

so as to replace the air with OO2, and then to bring the_ whole

tube gradually to redness from above downwards. In this case

also the Avhole of the arsenic sublimes as a metallic mirror.

There are various other modifications, but the above are trust-

worthy, and quite sufficient. Brugelmann's method of deter-

mining arsenic, elsewhere described, would appear to possess

some advantages, and to promise well; but the writer has had

no personal experience of it with regard to arsenic.
_

§ 647. Conversion of Arsenic into Arsenious Chloride (AsOlg).—

This process, first employed by Schneider and Fyfe, and after-

wards modified by Taylor, difi^ers from all the preceding, snice an

attempt is made to separate by one operation volatile metallic

chlorides, and to destroy the organic matter, and thus obtain two

liquids—one a distillate—tolerably clear and fi^ee from soim

particles, whilst the mass in the retort retains such metals as

copper, and is in every way easy to deal with.

Schneider and Fyfe employed sulphuric acid and common salt,

but Taylor recommends hydrochloric acid, which is m every

respect preferable. As recommended by Taylor, all matters,
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organic or otherwise, are to be completely desiccated before their

introduction into a retort, and on these dried substances sufficient

pure hydrochloric acid poured, and the distillation pushed to

dryness. Every one is well aware how tedious is the attempt to

dry perfectly the organs of the body (such as liver, &c.) at any
temperature low enough to ensure against volatilisation of such
a substance as, e.g., calomel. This drying has, therefore, been
the great stumbling-block which has prevented the general appli-

cation of the process. It will be found, however, that drying in

the ordinary way is by no means necessary. The writer cuts up
the solid organ (such as liver, brain, &c.) with scissors into small
pieces, and transfers them to a retort fitted by an air-tight joint
to a Liebig condenser; the condenser in its turn being connected
with a flask by a tube passing through an india-rubber stopper.
Another tube from the same flask is connected with india-rubber
piping, which terminates ultimately by an iron tube, in an open
fire, furnace chimney, or other place convenient for conveying off
the very offensive vapours from the laboratory. The distillation

is now carried on to carbonisation ; on cooling, a second quantity
of hydrochloric acid is added, and the last fraction of the distillate

examined for arsenic. If any is found, a third distillation is

necessary. At the termination of the operation the retort is

washed with water, the solution filtered, and this solution and
the distillate are each separately examined for arsenic. If pro-
perly performed, however, the second distillation brings over the
whole of the arsenical chloride,* and none will be found in the
retort. With good management there is no odour, nor is there
any loss of substance. In the distillate the arsenic can hardly
be in the form of arsenious chloride, but rather arsenious acid
and hydrochloric acid; for the chloride easily splits up in the
presence of water into these substances. However that may be,
it is in a condition to be very easily dealt with. It is, perhaps,
best to convert it into the trisulphide. Taylor f recommends
evolving arsine in the usual way, and passing the arsine (AsHg)
into solution of silver nitrate, finally estimating it as an arseniate
of silver. Objections with regard to the impurity of reagents
should be met by blank experiments. Kaiser J has proposed
and practised a modification of this method, which essentially

*DragendorfF asserts to the contrary; but we may quote the authority
ot iaylor, who has made several experiments, in which he obtained all the
arsenic as chloride. The writer has performed the process many times,
each time carefully testing the mass in the retort for arsenic : but the resultproved that it had entirely passed over.
t "Principles of Medical Jurisprudence," vol. i., p 267
t Zeilschr./. Anal. Chem., xiv., pp. 250-281,
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consists in the use of sulphuric acid and sodic chloride (as in

Schneider and Fyfe's original process), and in passing the distil-

late first into a flask containing a crystal or two of potassium

chlorate, and thence into an absorption bulb ; in the latter most

of the arsenic is found in the form of arsenic acid, the chloride

having been oxidised in its passage. The apparatus is, however,

complicated in this way without a corresponding advantage.*

Lastly, E. Fischer t has shown that it is a considerable advantage

to add from 10 to 20 cc. of a saturated solution of ferrous chloride

before distilling with HOI. In this way, all the arsenic,

whether as arsenic or arsenious acids, is easily converted into

chloride.

2. ANTIMONY.

§ 648. Metallic Antimomj.—Atomic weight, 120-3(K Schneider),

120-14 (OookJ); specific gravity, 6-715; fusing point about

621° (1150°F.) In the course of analysis, metallic antimony

may be seen as a black powder thrown down from solutions; as

a film deposited on copper or platinum ;
and, lastly, as a ring on

the inside of a tube from the decomposition of stibine. At a

bright red-heat it is volatilised slowly, even when hydrogen is

passed over it; chlorine, bromine, and iodine combine w^th it

directly. It may be boUed in concentrated CIH without solu-

tion; but aqua regia, sulphides of potassium and sodium readily

dissolve it. The distinction between thin films of this^ metal

and of arsenic on copper and glass are pointed out at pp. 526 and

627. It is chiefly used in the arts for purposes of alloy, and enters

to a small extent into the composition of fireworks {vide p. 504).

S 649. Antimonious Sulphide.—'^^vl^'hidiQ of antimony = 340

;

composition in 100 parts, Sb 71-76, S 28-24. The commercial

article, known under the name of black antimony, is the native

sulphide, freed from silicious matter by fusion, and afterwards

pulverised. It is a crystalline metalHc-lookmg powder, ot a

steel-grey colour, and
_
is often much contaminated with iron,

lead, copper, and arsenic.

The amorphous sulphide (as obtained by saturating a solution

* Sebni [Atti dell. Accademia dei Lincei, Fasc. ii., l^^)' P™P.°f
"J

^,
'^^^.J^I

fication of Schneider's process. The substances are treated with ^ot, l)ure

sulphuric acid, and at the same time the liquid is traversed by a stream ot

hydrochloric kcid gas. The resulting distillate is ^^^^d for arsemc

Marsh's process. Sebni states that, operating m this way, he has detectea

VI, of a mgrm. of AS2O3 in 100 grms. of antmal niatter.

t Scheidung u. Bestimmung d. Arsem. Leibig's Anmlen d. C1M
Bd. ccvii., p. 182.

X Ann. Phys. Chem., (2), v., op. 255-281.
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of tartar emetic with SHj) is an orange-red powder, soluble in

potash, amnionic, sodic, and potassic sulphides; and dissolving

also in concentrated hydrochloric acid with evolution of SHg.
It is insoluble in water and dilute acid, scarcely dissolves in

carbonate of ammonia, and is quite insoluble in potassic bisul-

phite. If ignited gently in a stream of carbonic acid gas, the

weight remains constant. To render it anhydrous a heat of
200° is required.

The recognition of arsenic in the commercial sulphide is most
easily effected by placing 2 grms. or more in a suitable retort

(with condenser), adding hydrochloric acid, and distilling. The
chloride of arsenic passes over before the chloride of antimoaiy

;

and by not raising the heat too high, very little antimony will

come over, even if the distillation be carried almost to dryness.
The arsenic is detected in the distillate by the ordinary methods.

Several lamentable accidents have happened recently through
mistaking the sulphide of antimony for oxide of manganese, and
using it with potassic chlorate for the production of oxygen. The
addition of a drop of hydrochloric acid, it is scarcely necessary
to say, will distinguish between the two.
Antimony is frequently estimated as sulphide. An amorphous

tersulphide of mercury, containing a small admixture of anti-
monious oxide and sulphide of potassium, is known under the
name of Kervies mineral, and has lately been employed in the
vulcanising of india-rubber. Prepared in this way, the latter
may be used for various purposes, and thus bopome a source of
danger. It behoves the analyst, therefore, in searching for anti-
mony, to take special care not to use any india-rubber fittings
which might contain the preparation.
A jKntasulphide of antimony (from the decomposition of

Schleppe's salt [NagSgS^ -f 9H2O], when heated with an acid) is
used in calico-printing.

§ 650. Tartarated Antimony, Tartrate of Potash and Antimony,
or Tartar Emetic, is, in a medico-legal sense, the most important
of the antimonial salts. Its formula in KSbC^H^O^Hp, and
100 parts, theoretically, should contain 35-2 per cent, of metallic
antimony. According to the B.P., 20 grains (1-296 grm.) dissolve
without residue in an ounce (28-396 cc.) of water; and the
solution gives with sulphuretted hydrogen an orangff precipi-
tate, which, when weighed and dried at 100° (212°P.), weio-hs
9-91 grains (-641 grm.). Tartar emetic occurs in commerce" in
colourless, transparent, rhombic, octahedral crystals, slit^htlv
efflorescing in dry air.

t> ^

^^^^'^^f^tl^tT^'^ i^^.*^^
subliming cell (p. 242), decrepitates at

193-3 (380°P.), sublimes at 248-8° (480"F.) very slowly and
35
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scantily, and chars at a still higher temperature, 287-7° (550°F.).

On evaporating a few drops of a solution of tartar emetic, and

examining the residue by the microscope, the crystals are either

tetrahedra, cubes, or branched figures. 100 parts of cold water

dissolve 5 of tartar emetic, whilst the same quantity of boilmg

water dissolves ten times as much—viz., 50. The watery solution

decomposes readily with the formation of algae; it gives no

precipitate with ferrocyanide of potassium, chloride of barium, or

nitrate of silver, unless concentrated.

§ 651. Metantimonic Acid, so familiar to the practical chemist

from its insoluble sodium salt, is technically applied in the

painting of glass, porcelain, and enamels; and in an impure

condition, as antimony ash, to the glazing of earthenware.

§ 652. Pharmaceutical, Veterinary, and Quack Preparations

of A ntimony*

(1.) Pharmaceutical Preparations :
—

Oxide of Antimony (SbgOg) is a white powder, fusible at a low

red heat, and soluble without effervescence in hydrochloric acid,

the solution responding to the ordinary tests for antimony.

Arsenic may be present in it as an impurity; the readiest means

of detection is to throw small portions at a time on glowing

charcoal, when very small quantities of arsenic wUl, under such

conditions, emit the peculiar odour. Carbonate of Ume appears

also to have been found in the oxide of commerce. •

Antimonial Powder is composed of one part of oxide ot anti-

mony and two parts of phosphate of lime; in other words, it

ought to give 33-3 per cent, of SbgOg.
, ^^.1

Tartar Emetic itself has been already described. The prepara-

tions used in medicine are—
_

The Wine of Antimony {Vinum antimomale), which is a solution

of tartar emetic in sherry-wine, and should contain 10 grains ot

the salt in each ounce of the wine (2-27 grms. m 100 cc.)

Antimony Ointment {Unguentum antimomi tartarah) is a

mechanical mixture of tartar emetic and lard, or ^i^Pl^

ment-t strength, 20 per cent. There is no recorded case ot

Ton^cLn for th; adulteration of tartar emetic; cream of tartar

• The history of antimony as a drug is curious. Its use ^-'-^^
P/^^^J^^^^fi^^

confining its use to the doctors of the faculty.
.Imond oU 3 parts,

t Simple ointment is composed of white wax 2, laid 3, almona ou.)?
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is the only probable addition. In such a case the mixture is
*

less soluble than tartar emetic itself, and on adding a small

quantity of carbonate of soda to a boiling solution of the sus- 3

pected salt, the precipitated oxide at first thrown down, becomes

redissolved.

Solution of Chloride of Antimony is a solution of the terchloride

in hydrochloric acid; it is a heavy liquid of a yellowish red

colour, powerfully escharotic; its specific gravity is 147J on
dilution with water, the whitish-yellow oxychloride of antimony
is precipitated. One drachm (3-549 cc.) mixed with 4 ounces

(112 cc.) of a solution of tartaric acid (-25 : 4), gives a precipitate

with SHg, which weighs at least 22 grains (1'425 grm.). This
liquid is used on very rare occasions as an outward application

by medical men; farriers sometimes employ it in the foot-rot of

sheep.

Sulphurated Anti7nony {Antimonium sidphuratum) is a mix-
ture of sulphide of antimony, SbgSg, with a small and variable

amount of oxide, SbgOg. The P.B. states that 60 grains (3'888

grms.) dissolved in OIH, and poured into water, should give
a white precipitate of oxychloride of antimony, which (properly
washed and dried) weighs about 53 grains (3-444 grms.).

The ofiicinal compound pill of subchloride of mercury (Filala
hydrargyri suhchloridi composita) contains 1 grain (-0648 grm.)
of sulphurated antimony in every 5 grains (-324 grm.), i.e., 20
per cent.

(2.) Patent and Quach Pills

:

—
I)r. J. Johnson's Pills.—From the formula each pill should

contain :

—

Grains. Grms.
2-5 = -162

62 = -039

•04 - -002

•12 = -007

3-28 = -210

The oil of cassia can be extracted by petroleum ether; the
calomel sublimed and identified by the methods given in the
article on "Mercury;" the antimony deposited in the metallic state
on platinum or tin ; and the colocynth extracted by dissolving
in water, acidifying, and shaking up with chloroform. On
evaporating the chloroform the residue should taste extremely
bitter; dissolved in sulphuric acid it changes to a red colour
and dissolved in Fr(3hde's reagent to a chcrry-rcd. It should, also
have the ordinary reactions of a glucoside.

Compound Extract of Colocynth,
Calomel, . . . . .

Tartar Emetic, ....
Oil of Cassia, ....
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Mitchell's Pills contain in each pill;

—

Grains. Grms.

Aloes, 1-1 = -070

Ehubarb 1-6 = -103

Calomel, -16 = "010

Tartar Emetic, .... -05 = -003

2-91 = -186

The mineral substances in this are easy of detection by the

methods already given; the aloes by the formation of chry.sammic

acid, and the rhubarb by its microscopical characters.

Dixon's Fills probably contain the following in each pill :

—

Grains. Grms.

Compound Extract of Colocynth, 2-0 = -1296

Rhubarb, 1-0 = -0648

Tartar Emetic -06 = -0038

3 06 = -1982

(3.) Antimonial Medicines, chiefly Veterinary:—*

Liver of Antimony is a preparation formerly much used by

farriers. It is a mixture of antimonious oxide, sulphide of

potassium, carbonate of potassium, and undecomposed trisulphide

of antimony (and may also contain sulphate of potassium), all m
very undetermined proportions. When deprived of the soluble

potash salts, it becomes the loashed saffron of antimony of the old

pharmacists. A receipt for a grease-ball, in a modern vetermary

work, gives, with liver of antimony, cream of tartar and guiacum

as ingredients. . „„„ . ^

Hind's Sweating-ball is composed of 60 grains (3 -888 grms.) ol

tartar emetic and an equal portion of assafoetida, made up into a

ball with liquorice powder and syrup. The assafojtida will be

readily detected by the odour, and the antimony by the methods

already recommended.
i

•
i

Mhiops of Antimony, very rarely used now, is the mechanical

mixture of the sulphides of antimony and mercury—proportions,

3 of the former to 2 of the latter.

* There has long preva,iled an idea (the truth of which is doubtful) that

antimony dven to\nimals, improves their condition ; thus, the ^»c</c/o/>.

WWi Sth Id Art. "Antimony A horse that is lean and scrubby, and

not to be fatted by any means, will become fat on taking a dose of antimony

ev ry rnomtf^^^^^^ together. A boar fed for braw^ and havj

an ounce of aStimony given him every morning, will become fat a foitnight

^Zer tlmn others put into the stye at the same time, and fed m the same

r bTS^ the antimo/y." Pi^bably tt:i£SLVtS
term antimony the impure sulphide. To this may be added the undoubtea

faXtbS ln iunswick the breeders of fat geese add a smaU quautity of

aaitimonious oxide to the food, as a traditional custom.
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Tlie Floioers of Antimony is an impure oxysulphide of anti-

mony, with variable proportions of trioxide and undecomposed

trisulphide.

Diaphoretic Antimony (calcined antimony) is simply antimoniate

of potash.

Glass of A ntimony is a mixture of sulphide and oxide of anti-

mony, contaminated with a small quantity of silica and iron.

A quack pill, by name. Ward's Red Pill, is said to contain

glass of antimony and dragon's blood.

Antimonial compounds used in Pyrotechny:—
Blue fire :

—

Antimonious Sulphide,
Sulphur, .

Nitre,

1

2
6

This composition is used for the blue or Bengal signal-light at

sea. Bisulphide of carbon and water are solvents which will

easily separate the powder into its three constituents.

Crimson Fire :
—

Potassic Chlorate,

Alder or Willow Charcoal,
Sulphur,
Nitrate of Strontia,

Antimonious Sulphide,

17 -25
4- 5

18-

55-

5- 5

The spectroscope will readily detect strontia and potassium,
and the analysis presents no difficulty. In addition to these a
very great number of other pyrotechnical preparations contain
antimony.

§ 653. Alloys.—Antimony is much used in alloys. The
ancient Pocula emetica, or everlasting emetic cups, were made
of antimony, and with wine standing in them for a day or two,
they acquired emetic properties. The principal antimonial alloys
are Britannia and type metal, the composition of which is as
follows :—

-

Britannia Metal, Best,

Common,
For Castings,

For Lamps,

Tin,
per cent.

92 0
921
92-9

94 0

Type Metal, .

Metal for Stereotype,

Ton, Lead,
per cent.

(1) 75

(2.) 70
84-2

Copper,
per cent.

1-S

20
1-8

1-3

Antimony,
per cent.

20
25
13-5

Antimony,
per cent.

6-2

5-9

5-3

4-7

Hlock Tin,
per cent.

5
5
2-3

There is also antimony in brass, concave mirrors, bell-metal, &c.
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§ 654. Pigments—Gsissella and Naples yellow are principally

composed of the antimoniate of lead.

Antimony Yellow is a mixture of antimoniate of lead with

basic chloride of lead.

§ 655. Dose.—A medicinal dose of a soluble antimonial salt

should not exceed 97-2 mgrms. (IJ grain). With circumstances

favouring its action, a dose of 129-6 mgrms. (2 grains) has proved

fatal;* but this is quite exceptional, and few medical men would

consider so small a quantity dangerous for a healthy adult,

especially since most posological tables prescribe tartar emetic as

an emetic in doses from 64-8 to 194-4 mgrms. (1 to 3 grains). The

smallest dose which has killed a child appears to be 48-5 mgrms.

(f grain). t The dose of tartar emetic for horses and cattle is

very large, as much as 5-832 grms. (90 grains) being often given

to a horse in his gruel three times a day. 3-8 grms. (60 grains)

are considered a full, but not an excessive, dose for cattle;

•38 grm. (6 grains) is used as an emetic for pigs, and half this

quantity for dogs.

§ 656. Effects ofTartar Emetic and ofAntimony Oxide on Animals.

Large doses of tartar emetic act on the warm-blooded animals

as on man; whether the poison is taken by the mouth, or injected

subcutaneously, all animals able to vomit| do so. The heart's

action, at first quickened, is afterwards slowed, weakened, and

lastly 'paralysed. This action is noticed in cold as well as in

warm-blooded animals. It is to be ascribed to a direct action on

the heart; for if the brain and spinal cord of the frog be destroyed

* Taylor, Guy's IIosp. Eejwrts, Oct., 1857.

O'io cit

t L Hermann (Lehrluch der Experimentdlen Toxicologic) remarks that

the vomiting must be considered as a reflex action from the inflammatoiy

excitement of the digestive apparatus, especially of the stomach, it is

witnessed if the poison is administered subcutaneously or injected mto the

brain Indeed, it is established that (at least, so far as the muscles are

concerned) the co-ordinated movements producing vomiting ai-e caused by

excitement of the medulla oblongata. Giannussi and others found that

after section between the first and third vertebrae of dogs, and subsequent

administration of tartar emetic, no vomiting took Pl'^ce ;
and Griim i s

researches seem to show that the suspected vomit-centre is identical witb

the respiratory centre, so that the vomitmg movement is °^ >'
'I'?

respiratory movement. L. Hermann, however, considers the tbeory that

when tartar emetic is introduced into the yessels the ;««
''fj^f;^^^^^^^^^^

excited, erroneous, for (1) in introducmg it by the vems much l«^g«™^

are required to excite vomitmg than by the stomach y"*'^ ^"'^r^^X
taneous uijection of the salt, antimony is found

i,'i/^\«J'rf^;,«.^^f , ^
explanation, therefore, is that antimony is excreted by the

'^^^I^^^IJ'^^^
and in its passage excites this action. Majendie's well-known e'^Periment

demonstrating that, after extirpation of the stomach, vomitmg movements

were noticed—is not considered opposed to this \iew.
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—or even if a solution of the salt be applied direct to tlie frog's

heart separated from the body—the effect is the same. The

weak action of the heart, of course, causes the blood-pressure to

diminish, and the heart stops in diastole. The voluntary muscles

of the body are also weakened; the breathing is affected, partly

from the action on the muscles. The temperature of the body

is depressed (according to F. A. Falck's researches) from 44°

to 6-2°.
. , , t.

The effects of small doses given repeatedly to animals has been

several times investigated. Dr. ISTevin* experimented upon

eleven rabbits, giving them tartar emetic four times a day in

doses of 324 mgrms. {| grain), 64-8 mgrms. (1 grain), and 129-6

mgrms. (2 grains). Five died, the first after four, the last after

seventeen days ; three were killed after one, three, and four

days respectively, two after an interval of fourteen days, and one

thirty-one days after taking the last dose. There was no vomi-

ting; diarrho3a was present in about half the number; one of the

rabbits, being with young, aborted. The chief symptoms were

general dulness, loss of appetite, and in a few days great emacia-

tion. Four of the five that died were convulsed before death,

and several of the animals exhibited ulcers of the mucous mem-
brane of the mouth, in places with which the powder had come
in contact. Oaillol and Livon have also studied the action of

small doses of the white oxide of antimony given in milk to cats.

A cat took in this way in 109 days '628 grm. The animal passed

gradually into a cachectic state, diarrhoea supervened, and it died

miserably thin and exhausted.

§ 657. Effects ofTartar Emetic on Man.\—The analogy between
the symptoms produced by arsenic and antimony is striking, and
in some acute cases ofpoisoning by tartar emetic, there is but little

(if any) clinical difference. If the dose of tartar emetic is vOry
large, there may be complete absence of vomiting, or only a
single evacuation of the stomach. Thus, in a case mentioned
by Taylor, in which a veterinary surgeon swallowed by mistake
13 grms. (200 grains) of tartar emetic; vomiting after fifteen

* Lever, Med. Cliir. Journ., No. 1.

t Antimony occasionally finds its way into articles of food through
obscure channels. Dr. Page has recorded the fact of antimonial lozenges
having been sold openly by an itinerant vendor of confectionery. Each
lozenge contained nearly a quarter of a grain {'IG mgrms.), and they caused
well-marked symptoms of poisoning in the case of a servant and two
children. How the antimony got in was unknown. In this case it appears
to have existed not as tartar emetic, but as an insoluble oxide, for it would
not dialyse in aqueous solution.—(" On a remarkable instance of Poisoning
by means of Lozenges containing Antimony." By David Page, M.D., MedicfS
Officer of Health, Lancet, vol. L, 1879, p. 699.)
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minutes could only be induced by tickling tlie throat. So, again,

in the case reported by Mr. Freer, a man, aged twenty-eight, took
7 "77 grms. (120 grains) oftartar emetic by mistake for Epsom salts;

he vomited only once; half an hour after taking the poison he
had violent pain in the stomach and abdomen, and spasmodic

contraction of the abdomen and arms; the fingers were firmly

contracted, the muscles quite rigid, and there was involuntary

aqueous purging. After six hours, during which he was treated

with green tea, brandy, and decoction of oak-bark, he began to

recover, but suffered for many nights from profuse perspirations.

With more moderate and yet large doses, nausea and vomiting

are very prominent symptoms, and are seldom delayed more than

half an hour. The regular course of symptoms may therefore be

summed up thus:—A metallic taste in the mouth, repeated

vomitings, which are sometimes bloody, great faintness and
depression, pains in the abdomen and stomach, and diarrhoea,

which may be involuntary. If the case is to terminate

fatally, the urine is suppressed, the temperature falls, the face

becomes cyanotic, delirium and convulsions supervene, and death

occurs in from two to six days. Antimony, like arsenic, often

produces a pustular eruption. Solitary cases deviate more or

less from the course described

—

i.e., severe cramps afiecting all

the muscles, haemorrhage from the stomach, kidney, or bowel,

and death from collapse in a few hours, have all been noticed.

In a case recorded by Mr. Morley,* a surgeon's daughter, aged

eighteen, took by mistake an unknown quantity of antimonial

wine, she soon felt sleepy and powerless, and sufiered from the usual

symptoms in combination with tetanic spasms of the legs. She

afterwards had enteritis for three weeks, and on recovery her hair

fell ofi". Orfila relates a curious case of intense spasm of the

gullet from a large dose of tartar emetic.

§ 658. Chronic Antimonial Poisoning.—The cases of Palmer and

J. P. Cook, M. Mullen, Freeman, Winslow, Pritchard, and the

remarkable Bravo case have, in late years, given the subject of

chronic antimonial poisoning a considerable prominence. In the

trials referred to, it was shown that medical men might easily

mistake the efiects of small doses of antimony given at intervals

for the action of disease—the symptoms being, great nausea,

followed by vomiting, chronic diarrhcea, alternating with con-

stipation, small frequent pulse, loss of voice, great muscular

weakness, depression, with coldness of the skin and a clammy

perspiration. In the case of Mrs. Pritchard, t her face was

* Brit. Med. Journ., Oct. 14, p. 70.

t Ediv. Med. Journ., 1865.



§ 659.] ANTIMONY. 55a

flushed, and her manner so excited as to give an ordinary

observer the idea that she had been drinking; and with the usual

symptoms of vomiting and purging she suffered from cramps in

the hands. Dr. Pritchard tried to make it appear that she was

suffering from typhoid fever, which the symptoms in a few

respects only resembled.

According to Eulenberg, workmen, exposed for a long period

to the vapour of the oxide of antimony, suifer pain in the bladder

and a bui-ning sensation in the urethra, and continued inhala-

tion even leads to impotence and wasting of the testicles.*

§ 659. Post-mortem Appem-ances.—The effect of large doses of

tartar emetic is mainly concentrated upon the gastro-iutestinal

mucous membrane. There is an example in the museum of

University College Hospital of the changes which resulted from
the administration of tartar emetic in the treatment of pneu-
monia. These are ascribed in the catalogue, in part to the
local action of the medicine, and in part to the extreme prostra-

tion of the patient. In the preparation (No. 1052) the mucous,
membrane over the fore border of the epiglottis and adjacent
part of the pharynx, has been destroyed by sloughing; the
ulceration extends into the upper part of the oesophagus. About
an inch below its commencement, the mucous membrane has.

been entirely removed by sloughing and ulceration, the circular

muscular fibres being exposed. Above the upper limit of this
ulcer, the mucous membrane presents several oval, elongated,
and ulcerated areas, occupied by strips of mucous membrane
which have sloughed. In other places, irregular portions of the
mucous membrane, of a dull ashen-gray colour, have undei^gone
sloughing; the edges of the sloughing portion are of colours,
varying from brown to black.

It is seldom that so much change is seen in the gullet and
pharynx as this Museum preparation exhibits; but redness,
swelling, and the general signs of inflammation are seldom absent
from the stomach and some parts of the intestines. On the
lining membrane of the mouth, ulcers and pustules have been
observed.

In Dr. Nevin's experiments in the chronic poisoning of rabbits
already referred to, the post-mortem appearances consisted in con-
gestion of the liver in all the rabbits; in nearly all there was
vivid redness of the stomach; in two cases there Avas ulceration;
in some, cartilaginous hardness of the jDylorus; while, in others,
the small intestines presented patches of inflammation. In twa

* In the first operations of finishing printers' types, the workmen inhale
a metalhc dust, which gives rise to elTects similar to lead colic; and
probably in this case the lead is more active than the associated antimony.
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of the rabbits the solitary glands throughout the intestines were

prominent, yellow in colour, and loaded with antimony. The

colon and rectum were healthy, the kidneys congested; the

lungs were in most congested, in some actually inflamed, or

liepatised and gorged with blood. Bloody extravasations in the

chest and abdomen were frequent.

Saikowsky,* in feeding animals daily with antimony, found in-

variably in the course of fourteen to nineteen days fiitty degenera-

tion of the liver, and sometimes of the kidney and heart. In the

experiment of Oaillol and Livon also all the organs were pale, the

liver had undergone fatty degeneration, and the lung had its

alveoli filled with large degenerated cells, consisting almost entirely

of fat. The mesenteric glands also formed large caseous masses,

yellowish-white in colour, which, under the microscope, were seen

to be composed of fatty cells, so that there is a complete analogy

between the action of arsenic and antimony on the body tissues.

§ 660. Elimination of Antimony.—^Antimony is mainly elimi-

nated by the urine. In 1840, Orfila showed to the Academie de

Medecine metallic antimony, which he had extracted from a patient

who had taken -12 grm. of tartar emetic in twenty-four hours.

He also obtained antimony from an old woman, aged eighty, who

twelve hours before had taken -6 grm. (9^ grains)—a large dose,

which had neither produced vomiting nor purging. In Dr.

Nevin's experiments on rabbits, antimony was discovered in the

urine after the twelfth dose, and even in the urine of an animal

twenty-one days after the administration of the poison had been

suspended. . .

§ 661. Antidotes for Tartar Emetic—Any infusion containing

tannin or allied astringent principles, such as decoctions of tea, oak-

bark, &c., may be given with advantage in cases of recent poisoning

by tartar emetic, for any of the salt which has been expelled by

vomiting, may in this way be decomposed and rendered harmless.

The treatment ofacute poisoning which has proved most successful,

has been the encouraging of vomiting by tickhng the fauces, giving

strong green tea and stimulants. (See Appendix.)

8 662. Effects of Chloride or Butter of Antimony.—Onlj a tew

cases of poisoning by butter of antimony are on record
:

its

action, generally speaking, on the tissues is like that of an acio,

but there has been considerable variety in the symptoms, iive

cases are recorded by Taylor; three of the number recovered

after taking respectively doses of 7" 7 grms. (2 ^^achms) and

1.5-5 crrms. (4 drachms), and two died after taking from o6 b to

113 |rms. (2 to 4 ounces). In one of these cases the symp-

* Virchow'8 Arch. /. Path. Anat., Bd. xxv. ; also, CeiUralhlatt f. Med.

Wisaen., No. 23, 1865.
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toms were more like those of a narcotic poison, in the other

fatal case there was abundant vomiting with purging. The

autopsy in the first case showed a black appearance from the

mouth to the jejunum, as if the parts had been charred, and

extensive destruction of the mucous membrane. In the other

case there were similar changes in the stomach and the upper

part of the intestines, but neither the lips nor the lower end of

the gullet were eroded. In a recent case recorded by Mr.

Barrington Cooke,'" a farmer's wife, aged forty, of unsound mind,

managed to elude the watchfulness of her friends, and swallowed

an unknown quantity of antimony chloride about 1.30 p.m.

Shortly afterwards she vomited several times, and had diarrhcsa;

at 2.30 a medical man found her lying on her back insensible,

and very livid in the face and neck. She was retching, and
emitting from her mouth a frothy mucous fluid, mixed with

ejected matter of a grumous colour; the breathing was laboured

and spasmodic; the pulse could not be felt, and the body was
cold and clammy. She expired at 3.30, about one hour and a

half from the commencement of symptoms, and probably within

two hours from the taking of the poison. The autopsy showed
no corrugation of the tongue or inner surface of the lining

membrane of the mouth, and no appearance of the action of a
corrosive upon the lips, fauces, or mucous membrane of the
oesophagus. The whole of the mucous membrane of the stomach
was intensely congested, of a dark and almost black colour, the
rest of the viscera were healthy. Chemical analysis separated
antimony equivalent to nearly a grm. (15 grains) of the chloride,

with a small quantity of arsenic, from the contents of the
stomach.

§ 663. Detection of Antimony in Organic Matters.—In acute
poisoning by tartar emetic it is not impossible to find a mere
trace only in the stomach, the greater part having been expelled
by vomiting, which nearly always occurs early, so that the most
certain method is, where possible, to analyse the ejected matters.
If it should be suspected that a living person is being slowly
poisoned by antimony, it must be remembered that the poison is

mainly excreted by the kidneys, and the urine should afl'ord some
indication. The readiest Avay to test is to collect a considerable
quantity of the urine (if necessary, two or three days' excretion),
concentrate by evaporation, acidify, and then transfer the liquid
to a platinum dish, in which is placed a slip of zinc. The whole
of the antimony is in time deposited on the platinum dish, and
being thus concentrated, may be subsequently identified in any
way thought fit.

* Lancet, May 19, 1883.
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Organic liquids are boiled with hydrochloric acid; organic

solids are extracted with the same acid in tlie manner described

(p. 54); or, if the distillation process given at p. 542 be
employed, the antimony may be found partly in the distillate,

and partly in the retort. In any case, antimony in solution

may be readily detected in a variety of ways—one of the most
convenient being to concentrate on tin or platinum, to dissolve

out the antimonial film by sulphide of ammonium, and thus

produce the very characteristic orange sulphide.

If a slip of pure tinfoil be suspended for six hours in a

solution, which should not contain more than one-tenth of its

bulk of cm, and exhibit no stain or deposit, it is certain that

antimony cannot be present. It may also conveniently be

deposited on a platinum dish,* by filling the same with the

liquid properly acidulated, and inserting a rod of zinc; the

metallic antimony can afterwards be washed, dried, and weighed.

Reinsch's and Marsh's tests have been already described

(pp. 527 and 524), and require no further notice. There is, however,

a very beautiful and delicate means of detecting antimony, which

should not be omitted. It is based upon the action of stibine

(SbHg) on sulphur.f When this gas is passed over sulphur, it is

decomposed according to equation, 2SbIl3 + 6S = SbgSg + SSHq,

the action taking place slowly in diffused daylight, but very

rapidly in sunshine. An ordinary flask for the evolution of

hydrogen (either by galvanic processes or from zinc and sulphuric

acid), with its funnel and drying-tubes, is connected with a

narrow tube having a few fragments of sulphur, kept in place

by plugs of cotton wool. The whole apparatus is placed in

sunshine; if no orange colour is produced when the hydrogen

has been passing for some time, the liquid to be tested is poured

in gradually through the funnel, and if antimony should be

present, the sulphur acquires a deep orange colour. This is

distinct even when so small a quantity as -0001 grain has been

added through the funnel. The sulphide of antimony thus mixed

with sulphur can, if it is thought necessary, be freed from the

sulphur by repeated exhaustion with bisulphide of carbon. The

stibine does not, however, represent all the antipiony introduced,

a very large proportion remaining in the evolution flask
; J hence

* According to Freseuius(;?«"^sc/(r./. Anal. Chem., i. 445), a sohition which

contains ^-^Uis of its weight of antimony, treated in tliis way, gives in two

minutes a brown stain, and in ten a very notable and strong dark-browa

lilm. When in the proportion of 1 to 20,000, the reaction begins to be cer-

tain after a quarter of an hour ; with greater dilution it requires longer

time, 1 to 40,000 giving a doubtful reaction, and 1 to 50,000 not respondmg

at all to this test. .

t See Ernest Jones on "Stibine," Journ. Chem. Soc, vol. i., lb/0.

J Rieckter, Jahrevberic/U, 1865, p. 255.
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it cannot be employed for quantitative purposes. Moreover, the
test can, of course, only be conveniently applied on sunny days,
and is, therefore, in England more adapted for summer.* Often,
however, as mentioned elsewhere, when the analyst has no clue
whatever to the nature of the poison, it is convenient to pass
SHo in the liquid to saturation.! In such a case, if antimony is

present (either alone or in combination with other sulphides), it
remains on the filter, and must be separated and identified as
follows :—The sulphides are first treated with a solution of car-
bonate of ammonia, which will dissolve arsenic, if present, and
next saturated in situ with pure sulphide of sodium, which will
dissolve out_ sulphide of antimony, if present. The sulphide of
antimony will present the chemical characters already described,
more particularly— '

(1.) It will evolve SH^ when treated with HCl, and at tlie
same time pass into solution. J

(2.) The solution evaporated to get rid of free HOI gives
with water a thick cheesy precipitate of basic chloride of anti-
mony. This may be seen if only a drop or two of the solution
be taken and tested in a watch-glass.

(3.) If tartaric acid be added to the solution, this precipitation
does not occur.

^^4.) The solution from (.3.) gives an orange precipitate with

Such a substance can only be sulphide of antimony With
regard to (2.), bismuth would act similarly, but under the
circumstances could not be present, for the sulphide of liismuth
is insoluble m sodic sulphide.

§ 664. Quantitative Estimation.—H^q quantitative estimation
ol antimony is best made by some volumetric process—e.7 , thesulphide can be dissolved in HOI, some tartrate of soda added,
unci then carbonate of soda to weak alkaline reaction. The
strength of the solution of tartarised antimony thus obtainedcan now be estimated by a decinormal solution of iodine, the

s/^^f^'Vf °^ ''"^^^""^ ^^^^ chloride of antimony mio-ht be usedas a test for the latter. A salt of ctesium gives a white precuritate withchloride of antimony in concentrated CIH ; it contaiL .fo-sTl £ ce^^^^a^itimony, and corresponds to the formula SbClsCsCl. Chloride of tin ^ot,

t ihe solution must not be too acid.
-l^^^iu,

H-,J>y adding chloride of tin to a solution of chloride of antimnnv JnfiiiHicient quantity, and passing SO^ through the linu I the w ole ot^tl »

.oTuUor Thus^l^"'"""'^
^"^^'^^'^^^ -^^1'* the tiir^°tbst

9SnCl2 + 2SbCl3+3S02 + 12ClH= Sb2S3 + 9SnCU+60H,.
-i'ederow

: Zdtschrift filr Chemie, 18C9, p. 16.



558 POISONS : their effects and detection. [§ 665-669.

end reaction being indicated by the previous addition of a little

starch solution, or by a solution of permanganate of potash,

either of which should be standardised by the aid of a solution

of tartar emetic of known strength.

3. CADMIUM.

8 665. Cadmium, Od = 112; specific gravity, 8-6 to 8-69; fusing

point, 227-8° (442°F.); boiling point, 860° (1580°F.)-Cadmmm

in analysis is seldom separated as a metal, but is estimated either

as oxide or sulphide.

8 666. Cadmium Oxide, CdO = 128—cadmium 8r5 per cent.,

oxycren 12-5 per cent.—is a yellowish or reddish-brown powder,

non^volatile even at a white heat; insoluble in water, but dis-

solving in acids. Ignited on charcoal, it is reduced to metal,

which volatilises, and is then deposited again as oxide, giving

to the coal a distinct coat of an orange-yeUow colour m very

thin layers—in thicker layers, brown.

sS 667. Cadmium Sulphide, OdS = 144-Cd 7 r7 per cent,

S 22-3 per cent.—known as a mineral termed Greenockite.

When prepared in the wet way it is a lemon-yellow powder,

which cannot be ignited in hydrogen without loss, and ^
insoluble in water, dilute acids, alkalies, alkahne sulphide^

sulphate of soda, and cyanide of potassium. The solution must

not^ contain too much hydrochloric acid, for the su ph de

readHy soluble with separation of sulphur m concentrated hydi^

chloric acid. It may be dried in the ordinary way at lOU

without suffering any decomposition.
• /P^T ^

8 668. Medictnal Preparations.-The lodtde ofCadmmm (CdlJ

occurs in white, flat, micaceous crystals, melting at about ilo-D

?ri9 9°F.), and at a dull red heat giving off violet vapour. la

solution the salt gives the reactions of lodme and cadmium. The

B P states that 10 grains dissolved in water give a precipitate,

wWch after being washed with water and then wxth lial^^

ounce of solution of ammonium, and dried, weighs 12 o grains

(orTc^rm. gives a silver precipitate weighing
l'^.^ SJ!^;)- ,

J^',
ointment of iodide of cadmium {Unguentum cadmii todidi) contams

TetocMe in the proportion of 62 grains to the ounce, or U

' ^Va7^um Sulphate is officinal in the German and French

^'^679 in the Arts, .t-c.-Cadmium is used in various

2ys The sulphide is.found -
,
^fJ-^^J^f^^^^^^^^^^

certain toilet-soaps, and it is much valued by aitists as a pi«m
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The iodide of cadmium is employed in photography, and an
amalgam of metallic cadmium to some extent in dentistry.

§ 670. Fatal Dose of Cadmium.—Although no deaths from the
use of cadmium appear to have as yet occurred, its growing
uses in photography, &c., may lead to accidents. There can be
no question about the poisonous action of cadmium, for Marme,*
in his experiments on it with animals, observed giddiness, vomit-
iiigj syncope, diificulty in respiration, loss of consciousness, and
cramps. The amount necessary to destroy life can only be
gathered from the experiments on animals. A strong hound died
after the injection of -03 grm. (-462 grain) subcutaneously of
a salt of cadmium ; rabbits are poisoned if from 19-4 to 38-8 mgrms.
(•3 to -6 grain) are introduced into the stomach. A watery
solution of -5 grm. (7-5 grains) of the bromide administered
to a pigeon caused instant death, without convulsion; the same
dose of the chloride killed a second pigeon in six minutes;
•25 grm. (3-85 grains) of sulphite of cadmium administered to a.

pigeon excited vomiting, and after two hours diarrhoea; it died
in eight days. Another pigeon died from a similar dose in
fourteen days, and cadmium, on analysis, was separated from the
liver. From the above cases it would seem probable that 4 grms.
(61-7 grains) would be a dangerous dose of a soluble salt of
cadmium for an adult, and that in a case of chronic poisoning it
would most probably be found in the liver.

%Q1 1. Separation and Detection of CctiinimTO.—If cadmium bem solution, and the solution is not too acid, on the addition of
SHg there is precipitated a yellow sulphide, which is distinguished
from antimony and arsenical sulphides by its insolubility in
ammonia and alkaline sulphides. Should all three sulphides be
on the filter (an occurrence which will seldom, perhaps, never,
happen) the sulphide of arsenic can be dissolved out by ammonia,
the antimony by sulphide of sodium, leaving the sulphide of
cadmium as the residue.t
The further tests of the sulphide are :

(1.) It dissolves in dilute nitric acid to a colourless fluid, with
separation of sulphur.

(2.) The solution, filtered and freed from excess of nitric acid
by evaporation, gives with a solution of ammonic carbonate a
white precipitate of carbonate of cadmium insoluble in excess
Ihis distinguishes it from zinc, which gives a similar white
precipi^te, but is soluble in the excess of the precipitant.

(3.) The carbonate thus obtained, heated on platinum foil ischanged into the brown-red non-volatile oxide.
* Zeilschr. f. Eationelle Med., vol. xxix., p. 1 1867
t It IS unnecessary to state that absence of sulphur is presupposed.
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(4.) The oxide behaves on charcoal as already detailed.

(5.) A metallic portion can be obtained by melting the oxide

with cyanide of potassium ; it is between zinc and tin in brilliancy,

and makes a mark on paper like lead, but not so readily. There

are many other tests, but the above are conclusive.

If cadmium in any case be specially searched for m the organs

or tissues, the latter should be boiled with nitric acid, ihe

acid solution is filtered, saturated with caustic potash, evaporated

to dryness, and ignited; the residue is dissolved m dilute hydro-

chloric acid, and treated after filtration with SH,. Cadmium

may also be estimated volumetrically by digesting the sulphide

in a stoppered flask with ferric chloride and hydrochloric acid;

•the resulting ferrous compound is titrated with permanganate

each cc. of a d.n. solution of permanganate = -OOoG grm. ot

cadmium.

II.—PRECIPITATE BY HYDRIC SULPHIDE IN

HYDROCHLORIC ACID SOLUTION—BLACK.

LEAD COPPER—BISMUTH—SILVER—MERCURY.

1. LEAD.

R 672 Lead Pb = 207.—Lead is a well-known bluish-white,

soft metal; fusing point, 32.5°; specific gravity, 11-36.

Oxides of ieacZ -The two oxides of lead necessary to notice

lipvp briefly are—litharge and minium.
r> o 4-^

LulXe,or Oxide ofLead, PbO_=223; specific gravity 9^2
to

9-5_Pb 92-82 per cent., O 7-18-is either in crystalline scalers,

I. fused mass, or a powder, varying in colour (according to its

motif prfp'aratioif) from'yellL to

When prepared below the temperature of fusion it is ca lea

-mmsicot" It may be fused without alteration "^^^;;eis'i*'.\°

a Tate of fusion it clissolves silicic acid and silicates of the earths.

It must not be fused in platinuin vessels.

Minvam, or Red Lead, 2PbO PbO,; specific gravity 9 08, is a

compound of protoxide of lead with the dioxide. It is ot a
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brilliant red colour, much used in the arts, and especially in the
preparation of flint-glass.

§ 673. Sulphide ofLead, PbS = 239 ; Pb 86-61 per cent., S 13-39
per cent., occurring in the usual way, is a black precipitate
insoluble in water, dilute acids, alkalies, and alkaline sulphides.
It dissolves in strong nitric acid with separation of sulphur, and
in strong hydrochloric acid, with evolution of SHg. Fuming
nitric acid does not separate sulphur, but converts the sulphide
into sulphate.

§ 674. Sulphate o/ Xeac^, PbSO^ = 303
;
specific gravity 6-3-

PbO 73-61 per cent., S0326-39 per cent.; when produced arti-
hcially IS a heavy white powder, of great insolubility in water,
22,800 parts of cold water dissolving only one of lead sulphate -

and if the water contains sulphuric acid, no less than 36,500 parts
of water are required. The salts of ammonia (especially the
acetate and tartrate) dissolve the sulphate, and it is also solublem hyposulphite of soda. The sulphate can be readily changed
into the carbonate of lead, by boiling it with solutions of the
alkaline carbonates. The sulphate of lead, fused with cyanide
of potassium yields metallic lead; it may be also reduced on
charcoal, and alone it may be fused without decomposition
provided reducing gases are excluded.

§ 675. Acetate of Lead, Sugar of Lead, Pb(0„H„0,),30H„ isfound m commerce in white; spongy masses composed of acicular
crystals. It may, however, be obtained in flat four-sided prisms.It has a sweet metallic taste, is soluble in water, and respondsto the usual tests for lead. The P.B. directs that 38 grains dissolved m water, require, for complete precipitation, 200 ^rainmeasures of the volumetric solution of olalic acid, co^respondZto 22-3 grains of oxide of lead.

"v^mg

Pi!
-^^Q^^'^''"'^' Pb.OU = 278; specific gravity 5-8-Pb /4-48 per cent., 01 25-52 per cent.f is in the form ofbriHiant crystaUine needles. It i^s very insolub e in cold watercontaining hydrochloric or nitric acids. According to Birchof1635 parts of water containing nitric acid dissolve one part onlyof chloride of lead It is insoluble in absolute alcohol and

ZTSl '"l -^^ fu«es below red

SmToseT
'"^"^ ^'^'^'''^ temperatures it mayt

iJ^'toZT '^^^'f-^^'
commercial carbonate of lead (accord-

nil m -

''^''^ exhaustive researches of Winner andHarland*) is composed of a mixture of neutral carbonate oflead and hydrate of lead, the best mixture being 257er cent of

^^^^r^'^na^^Ti^^^^ W,"by G. W.
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hydrate, corresponding to an actual percentage of 12-3 per cent,

carbonic acid. The nearer the mixture approximates to this

composition the better the paint; whilst samples containing as

much as 16-33 per cent., or as little as 10-39 per cent., oi CO^

are practically useless.
. . , j

§ 677. Preparations of Lead used m Mediane, the Arts, <fcc.

(1.) Pharmaceutical

:

—
, i j •

Lead Plaster {Emplastrum 2:)lumbi) is simply a lead soap, in

which the lead is combined with oleic and margaric acids.
_

Lead Iodide, Pbl^, is contained in the Emplastrum plumhv

iodidi, to the extent of 20 per cent., and in the Unguentum

vlumbi iodidi to the extent of about 11-4 per cent.

Acetate of Lead is contained in a pill, a suppository, and an

ointment. The pill, Pilula plumbicum opio, contains 1 4 per cent, ot

lead acetate, and 12-5 per cent, of opium, the rest confection of

roses The suppository {Sicppositoria phcmbi composita) contams

20 per cent, of acetate of lead, and 10 per cent, of opium mived

with oil of theobroma, white wax, and benzoated lard. iJie

ointment (
Unguentum plumhi acetatis) contains 24 per cent, ot

lead acetate, mixed with benzoated lard.
, ^=

The solution of subacetate of lead {Liquor plumhv subacetat^s)
^

the subacetate, -ph{G,lI,0,),VhO, dissolved m water. The

states that 413-3 gkfns^y weight (6 fl^Vn" ^mXc'so^i'
perfect precipitation 810 gram measures of the volumetiic solu

tion of oxalic acid, corresponding to about 30
g;^J^^ f ^^^^

In other words, the solution must contain at least 8-1 per cent.

''fdriutV'sottion of the stronger, under the name of Liqu^

pluJi suhacetoMs diMUus, and commonly ca led Goula^^^^^^^^^

nreoared by mixing 1-25 part by volume) of the solution ana

S part o^f spirit,\nd making up to 100 parts with distilled

There is an ointment, called the Compound Ointment of sub-

being
-^'-^'>yl^::^{Ct^S:nt(!^^«,ue^u.. ,M

J^^Xul/coiS^ a£t 11-4 per ceU.1,f the cWI., and

the rest simple ointment.

(2.) Quack Nostrums, d-c. •—
, ^ , , . ,-,i,Ti-ierous.

WeVk H^edicines composed of lead are not ^ ery nu^^^

Liebert's Cosmetique Infaxlhhle is said to ha^e toi

nitrate of lead.
7->„„„,./ " the antiseptic

One of ^^Ali Ahmed's Treasures of he
f '3^^ cent,

malagma, is a plaster made up of load plaster J/ 0 p
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frankincense 25 per cent., salad oil 25 per cent., beeswax 12-5
per cent.

Leiois' Silver Cream contains white precipitate and a salt of
lead.

Goulard's Balsam is made by triturating acetate of lead with
hot oil of turpentine.

There are various ointments in use made up of litharge
Some herbalists in the country (from cases that have come under
the writer's own knowledge) apply to cancerous ulcers, <fec , a
hniment of linseed and other common oils mixed with litharo-e
and acetate of lead.

Acetate of lead may also be found as a constituent of various
eye-waters.

(3.) Preparations of Lead used in the Arts, &c. :

Ledoyevis Disinfecting Fluid has for its basis nitrate of lead
in various hair-dyes the following are all used Litharo-e

hme, and starch; lime and carbonate of lead; lime and acetate
ol ead; litharge, hme, and potassic bicarbonate. The detection
oi lead m the hair thus treated is extremely easy; it may be
dissolved out by dilute nitric acid

^

yelwf an^fred''"'^^'
^"""''^^^ P'^™'^*' ^'^^ ^^i*^'

White Figments:—
White Lead, Flake White Ceruse, Mineral While, are so manydifferent names for the carbonate of lead already described.

^
Newcastle White is white lead made with molasses vineo-arNottingham ir/.i^.._White lead made with alegar (^^^^^^^^^^

often,Jiowever, replaced by permanent white, ^.^sSphate of

le^S;^ ''''''' ^^^ite Precipitate of Lead, is simply

Chrome Yelloio may be a fairly pure chromate of lead or it mav
P cJent k '""'Fl^'r catcium;*S
S Se K^'fT i^'^^^f^

°f 25 parts of lead

easS f -^^V^^^\ and 60 of calcic sulphate, ^he
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Butch Pink sometimes contains white lead.

Bed Pigments

:

—
Chrome Red is a bichromate of lead.

Red Lead or Minium is the red oxide of lead.

Orange Red is an oxide prepared by calcining the carbonate

The chief preparations of lead which may be met with m the

arts, in addition to the oxides and the carbonate, are—

The Nitrate of Lead, much used in calico-printmg.

The Pyrolignite of Lead, which is an impure acetate used m

^^tlt's^ui%ate of Lead is a by-product in the preparation of

nretate of aluminium for dyeing.

The alloys containing lead are extremely numerous; but.

according to the experhnents of Knapp,* the small quantity

of lead in those used for household purposes has no hygiemc

'Tm^^Uad as a Poison.-ln the five years ending 1880, there

were registered 324 deaths from lead poisoningm EngW
^^^^

males and 69 females). This is about 20 per cent, of the deaths

Sot an poisons, oily one of the 324 7-7^^ '-^,^
were criminal. All the compounds of lead are said to be

poTsonous^ but this statement cannot be regarded as entirely

L rect fo; the sulphocyanide has been proved by e^-iment no

to be so t and the sulphide is also probably inactive in the

treatme'i of cases of lead poisoni^ng, however the flowers of

snlDhur siven internally appear to be successful. I

Lead Sisoning, either in its obscure form (producing uric ac d

in thrbboTaud as a consequence, indigestion and other evi ,

Z ,-n the acute form (as lead colic and various nervous aftections)

Sls^ freqtnfamLg those who are habitually exposed to the

influence ofthe metal in its different preparations-vu worke^

of lead, house-painters, artists, Sf-'^^^^'^^^^^^^
workers of gold, calico-printers, colounst ,

ty^^^^^^^

setters, shot-founde^^^^^^^^^

=i^^istfl=x:^^
of the Government (1883). JM

* Dincjl. Polytech. Jouriu, vol. ccxx pp. 446^53. ^
t Eulenberg, Gewci-he Jlyqi&nc, p. 71/.

X Mohr's Toxicolocik V.l^- . ^ j always excitedu 1

I The attention which the !jL^s on Trade Hygi«"'^ ^^'^ '

ovfdent from the fact that
J^)^!^^^^^

"

Stockhausen is entitled, De
''^'^"ff/''^^^^^ Gailar, 1556.

melallico frequenliori morho vulgo diclo ImUenLalze. v.as a ,
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Lead, again, has been found by the analyst in most of the

ordinary foods, such as flour, bread, beer, cider, wines, spirits, tea,

vinegar, sugar, confectionery, (fee, as well as in numerous drugs,

especially those manufactured by the aid of sulphuric acid (the

latter nearly always contaiuing lead), and those salts or chemical
products which (like citric and tartaric acids) are crystallised in

leaden pans. Hence it follows that in almost everything eaten
or drunk the analyst, as a matter of routine, tests for lead. The
channels through which it may enter into the system are, how-
ever, so perfectly familiar to practical chemists, that a few unusual
instances of lead-poisoning only need be quoted here.

A cabman suffered from lead colic, traced to his taking the first

glass of beer every morning at a cei-tain public-house; the beer
standing in the pipes all night, as proved by analysis, was strongly
impregnated with lead.*

^
The employment of red lead for repairing the joints of steam

pipes has before now caused poisonous symptoms from volatilisa-
tion of lead.f The use of old painted wood in a baker's oven,
and subsequent adherence of the oxide of lead to the outside of
the loaves, has recently caused the illness of sixty-six people. J
Seven persons became affected with lead-poisoning through

horse-hair coloured with lead. §
The manufacture of American overland cloth creates a white-

lead dust, which has caused serious symptoms among the
workmen {Dr. G. Johnson). The cleaning of pewter pots,

||
the

handling of vulcanised rubber, H the wrapping up of various
foods in tinfoil,** and the fingering of lead counters covered with
brine by fishmongers, have all caused accidents in men.
_

The lead in glass, though in the form of an insoluble silicate,
is said to have been dissolved by vinegar and other acid fluids to
a dangerous extent. This, however, is hardly well established, ff

§ 679. Effects of Lead Compounds on ^m?n«:tfe.—Orfila and the
older school of toxicologists made a number of experiments on
the action of sugar of lead and other compounds, but they are
of httle value for elucidating the physiological or toxic action of
lead, because they were, for the most part, made under unnatural
conditions, the gullet being ligatured to avoid expulsion of the
salt by vomiting. One of the latest experimenters is Harnack,
who, ia order to avoid the local and corrosive effects of sugar of

* Cliem. mws. ^ t Eulenberg, Op. cit., p. 708.

jr t'lTn' '^,?y^T.^.:
§ Hitzig, " Studien iiber Bleivergiftung."

\\
Med. Gazetl,', xlviij. 1047. IT Pharm. Journ., 1870, p. 426** Taylor, " Prin. Med. Juriaprud.," I.

^

Phtm^ m'f(J''i'^^^'M^I-/i-
J-^hrg., 1869; Buchner^s Rep.-r/iarm. Bd. xix., p. 1; Med. Ccnirhl., Jahrg., 1869, p. 40.
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lead, used an organic compound—viz., plumbic triethyl acetate,

which has no local action. Frogs exhibited symptoms after sub-

cutaneous doses of from 2 to 3 mgrms., rabbits after 40 mgrms.;

there was increased peristaltic action of the intestines, with

spasmodic contraction rising to colic, very often diarrhcea, and

death followed through heart paralysis. Dogs given the ethyl

compound exhibited nervous symptoms like chorea. Gusserno *

has also made experiments on animals as to the effects of lead,

using lead phosphate,and giving from 1-2 grm. to a rabbit and a

dog daily. Rosensteinf and Heubel I used small doses of acetate,

the latter giving dogs daily from -2 to -5 grm. The results

arrived at by Gusserno were, mainly, that the animals became

emaciated, shivered, and had some paralysis of the hinder

extremities ; while Rosenstein observed towards the end epilep-

tiform convulsions, and Heubel alone saw, in a few of his cases,

colic. A considerable number of cattle have been poisoned from

time to time with lead, and one instance of this fell under my
own observation. A pasture had been manured with refuse

from a plumber's yard, and pieces of paint were in this way

strewn about the field in every direction; a herd of fifteen

young cattle were placed in the field, and in two or three days

they all, without exception, began rapidly to lose condition, and

to show peculiar symptoms—diarrha5a, loss of appetite; in two,

blindness, the retina presenting an appearance not unlike that

seen in Bright's disease; in three, a sort of delirium. Four

died, and showed on postmortem examination granular con-

ditions of the kidneys, which was the most striking change

observable. In the fatal cases, paralysis of the hind extremities,

coma, and convulsions preceded death. In another case§ seven

cows and a bull died from eating lead paint; the symptoms

were loss of appetite, obstinate constipation, suspension of rumina-

tion, dry muffle, quick breathing, and coma. In other cases a

marked symptom has been paralysis. Cattle |1
have also several

times been poisoned from eating grass which has been splashed

by the spray from bullets, as in pastures in tlie vicinity ot rifle

butts; here we must allow that the intestinal juices have dissolved

the metal, and transformed it into compounds capable ot being

taken into the system. n • •

6 680. Meets of Lead Compounds on Man—Acute Foisomv{j.^

Acute poisoning by preparations of lead is not common, and,

* Virchow's Archivf. Path. Anaf., vol. xxi., p. 443.

t lb., vol. xxxix., pp. 1 and 74. t)„,i;„ i«71
X Pathoqenese u. Symptovie dcr chrormchen Bkivcrgfuvf,. Berlin, lb<i.

§ See a paper by Professor Tuson, Vcterinartan, vol. xxxviu., ISOi.

lb., also Taylor, Op. cit.
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•when it does occur, is seldom fatal. With regard to the common
acetate, it would seem that a large single dose is less likely to

destroy life than smaller quantities given in divided doses for a

considerable period. The symptoms produced by a considerable

dose of sugar of lead usually commence within a few minutes;
there is immediately a metallic taste, with burning, and a sensa-

tion of great dryness in the mouth and throat; vomiting, which
occurs usually within fifteen minutes, is in very rare cases

delayed from one to two hours. The retching and vomiting
are very obstinate, and continue for a long time; the matters
thrown up are sometimes streaked with blood ; there is pain in
the abdomen of a colicky character—a pain relieved by pressure.

The bowels are, a,s a rule, constipated, but occasionally relaxed.
The stools at a later date are black from the presence of lead
sulphide. The urine, as a rule, is diminished. The breath has
a foul odour, and the tongue is coated ; the skin is dry, and the
pulse small and frequent. The full development of the toxic
action is completed by the appearance of various nervous pheno-
mena—headache, shooting pains in the limbs, cramps in the legs,

and local numbness. All the symptoms enumerated are not
present in each case; the most constant are the vomiting and
the colic. If the sufierer is to die, death occurs about the second
or third day. If the patient recovers, convalescence may be
much retarded, as shown in the case of two girls,* who had
each SAvallowed an ounce of lead acetate by mistake, and who
suffered even after the lapse of a year from pain and tenderness
in the stomach and sickness.

There are " mass-poisonings " by acetate of lead on record,
which afford considerable insight into the varying action of this
salt on_ different individuals. A case {e.g.) occurred at Stour-
bridge in 1840,t in which no less than 500 people were poisoned
by thirty pounds of lead acetate being accidentally mixed with
eighty sacks of flour at a miller's. The symptoms commenced
after a few days; constriction of the throat, cramping and
twisting pains round the umbilicus, rigidity of the abdominal
muscles, dragging pains at the loins, cramps and paralysis of
the lower extremities. There was obstinate constipation; the
urine was scanty and of a deep red colour, and the secretions
were generally arrested; the pulse was slow and feeble; the
countenance depressed, often livid; and the gums showed
the usual blue line. The temperature of the skin was
low. In only a few cases was there sickness, and in these

* Prov. Med. Journal, 1846.
t Recorded by Mr. Bancks, Lancet, May 5, 1849, p. 478.
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it soon ceased. It is curious that not one of the 500 cases

proved fatal, although some of the victims were extremely Ul,

and their condition alarming. It was specially observed that,

after apparent convalescence, the symptoms without any obvious

cause suddenly returned, and this even in a more aggravated

form. Remittance of this kind is of medico-legal import; it

might, for example, be wrongly inferred that a fresh dose had

been taken. In the 500 cases, there were no inflammatory

symptoms; complete recovery took some time. On examining

the bread the poison was found so unequally distributed that no

idea could be formed as to the actual amount taken.

There is also recorded* an outbreak of lead poisoning among

150 men of the 7th Infantry at Tione, in the Southern Tyrol.

One case proved fatal, forty-five required treatment in hospital.

The symptoms were pallor, a blue line in the gums, metallic

taste in the mouth, a peculiar odour of the breath, a loaded

tongue with a bluish tint, obstinate constipation with loss of

appetite; whilst all complained, in addition, of dragging of the

limbs and of the muscles of the chest, and difficulty of breathing.

In the severer cases there were tetanic spasms, muscular tremors,

and aneesthesia of the fingers and toes. The pulse and tempera-

ture were normal, save in a few cases in which there were fever

and sweats at night. In none was there colic, but the constipation

was obstinate. In two of the worst cases there was strangury.

Acute cases occur occasionally from poisoning by the carbonate

of lead. Dr. Snow recorded an instance (in 1844) of a child who

had eaten a piece as big as a marble, ground up with oil. For

three days the child suffered from pain in the abdomen and

vomiting, and died ninety hours after taking the poison. In

another case, in which a young man took from 19 to 20 grms.

of lead carbonate in mistake for chalk as a remedy for heart-

burn, the symptoms of vomiting, pain in the stomach, A;c.,

commenced after a few hours; but, under treatment with

magnesic sulphate, he recovered.

The chromate of lead is still more poisonous (see Artv

" Chromium)." . . •
i i j

§ 681. Chronic Poisoning hy Zeflc?.—Chronic poisoning by leaa

—often caused by strange and unsuspected channels, more

frequently an incident, nay, almost a necessity of certain trades,

and occasionally induced by a cunning criminal for the purpose

of simulating natural disease—is of great toxicological and

hygienic importance. In the white lead trade it is as might be

expected, most frequently witnessed ; but also in all occupations

* Kbnigschmied, Ceniralbh AUg.filr Gesundheitspjlege, 2 Jahrg., Heft 1.



§ 682.] LEAD. 569

which involve the daily use of lead in almost any shape. The
chief signs of chronic poisoning are those of general ill-health

;

the digestion is disturbed, the appetite lessened, the bowels
obstinately confined, the skin assumes a peculiar yellowish hue,
and sometimes the sufferer is jaundiced. The gums show a
black line from two to three lines in breadth, which microscopical
examination and chemical tests alike show to be composed of
sulphide of lead; occasionally the teeth turn black. The pulse
is slow, and all secretions are diminished. Pregnant women
have a tendency to abort. There are also special symptoms, one
of the most prominent of which is often lead colic.

In 142 cases of lead-poisoning, treated between 1852 and 1862
at the Jacob's Hospital, Leipzig, forty-four patients (or about 31
per cent.) sufiered from colic. Arthralgia—that is, pains in the
joints—is also very common ; it seldom occurs alone, but in com-
bination with other symptoms Thus, in seventy-five cases of lead-
arthralgia treated at Jacob's Hospital, in only seven were pain in
the joints without other complications, fifty-six being accom-
panied by colic, five by paralysis, and seven by other afiections
of the nervous system. The total percentage of cases of lead
poisoning, in which arthralgia occurs, varies from 32 to 57 per
cent.

Paralysis, in some form or other, Tanqueril found in 5 to
8 per cent, of the cases, and noticed that it occurred as early
as the third day after working in lead. The muscles afi"ected
are usually those of the upper extremity, then the legs, and
still more rarely the muscles of the trunk. It is only exception-
ally that the paralysis extends over an entire limb; it more
usually affects a muscular group, or even a single muscle. Its
common seat is the extensors of the hand and fingers; hence the
expression " dropped-wrist," for the hands droop, and occasionally
the triceps and the deltoid are affected. The paralysis is usually
symmetrical on both sides. Although the extensors are
afiected most, the flexors nearly always participate, and a care-
lul investigation will show that they are weakened. If the
paralysis continues, there is a wasting and degeneration of the
muscle, but this is seen in paralysis from any cause. The

:
muscular affection may cause deformities in the hands, shoulders,
fflc. Anaesthesia of portions of the skin is generally present in
a greater or less degree. A complete analgesia affecting the
wnolc body has been noticed to such an extent, that there was
absolute insensibility to burns or punctures; but it is usually
confined to the right half of the body, and is especially intensem the right hand and wrist.

§ 682. The older writers recognised the toxic effect of lead on
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the nervous system. Thus Dioscorides speaks of delirium pro-

duced by lead, Aretaeus of epilepsy, and Paul of ^gina refers to

it as a factor of epilepsy and convulsions. But in 1830, Tan-

queril first definitely described the production of a mental disease,

which he called ''lead encephalopathy." This he divided into

four forms—(1.) A delirious form; (2.) a comatose; (3.) a con-

vulsive; and (4.) a combined form, comprising the delirious, con-

vulsive, and comatose. Dr. Henry Rayner,* and a few other

English alienists, have recently directed their attention to this

question; and, according to Dr. Rayner's researches, the number

of male patients admitted into Hanwell Asylum, engaged in

trades such as plumbing, painting, and the like, is larger in pro-

portion to the number admitted from other trades than it should

be, compared with the proportion of the various trades in the

county of Middlesex, as ascertained from the census of 1871.

Putting aside coarse lead poisoning, which may occasionally pro-

duce acute mania, the insanity produced by prolonged minute

lead intoxications possesses some peculiar features. It develops

slowly, and in nearly all cases there are illusions of the senses,

of hearing, taste, or smell, and especially of sight. Thus, in one

of Dr. Rayner's cases the patient saw round him "wind-bags

blown out to look like men," apparitions which made remarks to

him, and generally worried him. Besides this form, there is

also another which closely resembles general pa,ralysis, and, in the

absence of the history, might be mistaken for it.

§ 683. The degenerative influence on the organ of sight is

shown in six of Dr. Robertson's patients, whose insanity was

ascribed to lead—four of the six were either totally or partially

blind.

The amaurosis has been known to come on suddenly, and alter

a very brief exposure to lead—e.g., a man, thirty-four years of

age, after working for three days in a white-lead factory, was

seized with intense ciliary neuralgia, had pains in his limbs and

symptoms of lead poisoning, and the right eye became amaurotic.t

This form of impairment or loss of vision is difterent from the

Retinitis albuminurica, I which may also be produced as a secondary

* See an important paper, "Insanity from Lead Poisoning," by Drs. H.

Kayner, Robertson, Savage, and Atldns. Joum. of
^.'"^^^?"27n f&r

xxvi., p. 222 ; also a paper by Dr. Barton, Allgemeuie ZeiUchnJt M
Ps!/c/tia<n>, Bd. xxxvij., H. 4, p. 9.

. also »
t Samelaohn, MonatM.f. Augenhedk. vol. xi., p. 246, 1873. See also*

case of lead amaurosis, described by Mr. Holder, Pharm. Journal,

^"tit:n^^Arch. f. Ophthal., vol. i., (2), p. 205, 1858, and Schmidt's

Jahrbuch, Bd. cxxxiii., p. 116; Bd. cxUii, p. 67.
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eflect of the poison ; the kidneys in such cases being profoundly
affected.

Eulenberg speaks of the sexual functions being weakened,
leading to more or less impotence.
Lewy,* in 1186 patients suffering from lead poisoning, has

found caries or necrosis in twenty-two cases, or about 1-8 per
cent.; fifteen were carious affections of the upper jaw, four of the
fore-arm, two of the thigh, and one of the rib and sternum.
Epilepsy and epileptiform convulsions occur in a few cases;
it is very possible that the epilepsy may be a result of the ursemic
poisoning induced by diseased kidneys.

§ 684. Lead taken for a long time causes the blood to be im-
pregnated with uric acid. In one hundred and thirty-six cases
of undoubted gout, 18 per cent, of the patients were found to
follow lead occupations, and presented signs of lead impregna-
tion.!

§ 685. There are some facts on record which would seem to
countenance the belief that disease, primarily caused by an
inorganic body like lead, may be transmitted. M. Paul (e.g.) has
related the history of the offspring (thirty-two in number) of
seven men, who were suffering from lead poisoning—eleven were
prematurely born and one still-born; of the remaining twenty,
eight died in the first year, four in the second, and five in the
third year, so that of the whole thirty-two, only three survived
three years.

The influence of the poison on pregnant women is, indeed,
very deleterious. M. Paul noted that in four women who were
habitually exposed to the influence of lead, and had fifteen
pregnancies, ten terminated by abortion, two by premature
confinement, three went the full term, but one of the thr6e
children was born dead, a second only lived twenty-four hours;
so that, out of the whole fifteen, one only lived fully In
another observation of M. Paul's, five women had two natural
confinements before being exposed to lead. After exposure, the
iiistory ofthe thirty-six pregnancies of these women is as follows'—

:

there were twenty-six abortions (from two to five months) one
premature confinement, two infants born dead, and five born
alive, four of whom died in the first year.

Chronic poisoning may be nearly always accounted for by themJialmg of lead dust, or by the actual swallowing of some form
ot lead; but, if we are to accept the fact narrated by the late
IDv. Taylor-viz., that he himself had an attack of lead colic

I Bkiarhdler. Wien, 1873, S. 61

M T) ^ IfP''^g"J,^tion in Relation to Gout," by Dyce DuckworthSt. Earth. Hosp. Beports, vol. xvii., 1881
' ^ ^ j^uuKwortn,
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from sitting in a room for a few hours daily, in which there was

a large canvas covered with white lead and drying oil, and one

or two other similar cases,* we must allow that there is some

subtle volatile organic compound of lead evolved. In the present

state of our knowledge, it seems more reasonable to account for

such cases, by the suggestion that lead has entered the system

by an unsuspected channel.

In 1882, a very interesting case occurred at Keighley, in which

a mechanic, aged forty-two, died from the supposed effects of

lead poisoning, induced from drinking the town water, wliich

was proved by Mr. Allen to contain about | of a grain of

lead per gallon. For six months he had been out of health, and

a week before his death he suffered from colic, vomiting, con-

stipation, and a blue line round the gums, and occasional

epileptiform seizures. After death the kidneys were found

granular, and the heart somewhat enlarged. The viscera were

submitted to Mr. Allen for analysis ; no lead was found in the

heart or brain, a slight non-estimable trace in the kidneys, and

about- a grain was separated from the liver and spleen. Dr. Tidy,

who was called in as an expert, gave a very guarded opinion,

rather against the theory of direct lead poisoning; and the

verdict returned by the jury was to the effect that the deceased

died from granular kidney, accelerated by lead poisoning.

Murder by the administration of doses of sugar of lead is rare,

but such a case occurred recently.

At the Central Criminal Court, in December, 1882, Louisa Jane

Taylor was indicted for poisoning Mary Ann TregiUis at Plum-

stead, and convicted. From the evidence it appeared that the

prisoner, who was thirty-six years of age, came to reside with

Mr. and Mrs. Tregillis, an aged couple of eighty-five and

eighty-one years respectively. The prisoner was proved to

have purchased at different times an ounce and half an ounce

of sugar of lead, and to have added a white powder to the

medicine of Mrs. Tregillis. The iUness of the latter extended

from about August 23 to October 23—a period of two months.

It is difficult to say when the first dose could have been

given, but it was probably some time between August 16 ana

23, while the administration, without doubt, ceased on or bctore

October 6, for on that date different nursing arrangements

were made. The symptoms observed were nausea, vomiting,

* The gate-keeper of a graveyard at Bordeaux continually i^ed the

remnants of crosses, covered with lead pamt, to r'^Pl^^").^^, vS
chimney smoked; gradually paralysis of the extensors of \ieht wn

developed itself, and he suffered from colic and other sigus of lead poison

ing. Marmisse, Qaz. des. JIdpit., No. 25, 1860.

I
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pain in the pit of the stomach, burning in the throat, very
dark teeth, a blue line round the gums, and slight jaundice.
There was great muscular weakness, with trembling of the hands,
and a week before death there was paralysis of the right side.

Lead was discovered in most of the viscera, which were in great
part normal, but the kidneys were wasted, and the mucous
membrane blackened. The actual quantity of lead recovered by
analysis was small—-viz., 16-2 grms. (J grain) from the liver;

from 8 ounces of brain, 3-2 mgrms. (JL- grain); from half of the
stomach, 16-2 mgrms. (i grain); and from the spleen, the
kidneys, and the lungs, small quantities. It is, therefore,
probable that, if the whole body had been operated upon', the
yield would have been more than -16 grm. (a little over 2
grains); but then, it must be remembered that the deceased lived,
at least, seventeen days after the last dose.

§ 686. Post-mortem Appearances.—In acute cases of poisoning
by the acetate, there may sometimes be found a slight inflam-
matory appearance of the mucous membrane of the stomach
and intestines. Orfila considered that streaks of white points
adherent to the mucous membrane were pathognomonic; but there
have been several cases in which only negative or doubtful signs
of inflammatory or other action have presented themselves. As
a rule, no unabsorbed poison will be found in the stomach; the
case related by Ohristison, in which a person died on the third
day after taking at a single dose some large quantity of acetate
of lead; and at the autopsy a fluid was obtained from the stomach,
which had a sweet metallic taste, on evaporation smelt of acetic
acid, and from which metallic lead was obtained—is so very
extraordinary in every respect, that its entire accuracy is to be
questioned. In death from chronic lead poisoning, there is but
little that can be called diagnostic; a granular condition of the
kiclneys and all the pathological changes dependent on such a con-
dition, are most frequently seen. If the patient has sufi-ered
trom colic, a constriction of portions of the intestine has been
noticed

;
also, m cases in which there has been long standint^

paralysis of groups of muscles, these muscles are wasted, and
possibly degenerated. In instances, again, in which lead has
induced gout, the pathological changes dependent upon <rout
v^iU be prominent. The blue line around the gums, and some-
times a coloration by sulphide of lead of portions of themtestmes, may help a proper interpretation of tlie appearancesseen after death; but all who have given any attention to thesubject will agree that, simply from pathological evidence it isimpossible to diagnose chronic lead poisonin<r

'

§ 687. Physiological Action of Lead.—Th^ action of lead is still
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obscure, but it is considered to have an effect mainly on the

nervous centres. The paralysed muscles respond to the direct

current, but not to the induced, leading to the suspicion that

the intramuscular terminations of the nerves are paralysed, \>nt

that the muscular substance itself is unattacked. On the other

hand, the restriction of the action to groups of muscles, supports

the theory of central action.

The lead colic is due to a true spasmodic constriction of the

bowel, the exciting cause of which lies in the walls of the bowel

itself; the relief given by pressure is explained by the pressure

causing an antemia of the intestinal walls, and thus lessening

their sensibility. The slowing of the pulse produced by small

doses is explained as due to a stimulation of the inhibitory

nerves ;
and, lastly, many nervous phenomena, such as epilepsy,

&c., are in part due to imperfect elimination of the urinary

excreta, causing similar conditions to those observed in ursemia.

§ 688. Elimination ofLead.—When a large dose of acetate or car-

bonate is taken, part is transformed into more or less insoluble com-

pounds—some organic, others inorganic ; so that a great portion

is not absorbed into the body at all, but passes into the intestines,

where, meeting with hydric sulphide, part is changed into

sulphide, colouring the aloine evacuations black. Some of the

lead which is absorbed is excreted by the kidneys, but the search

often yields only traces. Thudichum* states that in fourteen cases

of lead poisoning, in two only was obtained a weighable quantity

from a day's urine; in the remaining twelve lead was detected,

but only by the brownish colour produced in an acid solution of

the ash by hydric sulphide.

The elimination of lead by the kidneys is favoured by certain

medicines, such, for example, as. potassic iodide. Annusohat

found in dogs poisoned by lead from 3-8 to 4-1 mgrms. in 100

cc; but, after doses of potassic iodide, the content of lead rose

to 6-9 and even to 14 mgrms.

§ 689. Fatal Dose— {a.) Sugar of Lead.—It may almost be said

that it is impossible to destroy human life with any single dose

likely to be taken or administered. In three cases an ounce

(28-3 grms.) has been taken without fatal result. Although it

must be allowed that repeated moderate doses, extending over

some time, are more dangerous to health and life than a single

lar<'c dose, yet there seems to be in some individuals a great

tolerance of lead. Ohristison has given -18 grm. in divided

doses daily for a long time without any bad eftect, save the

production of a slight colic. Swieten has also given daily

• Pathology of the Urine, p. 550.
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3-9 grms. (60 grains) in ten days without observing toxic eflfects.

That, in other cases, less than a grain per gallon of some lead

compound dissolved in drinking-water, or in some way introduced
into the economy, causes serious illness, is most inexplicable.

(b.) The Basic Acetate in solution is more poisonous apparently
than the acetate—60 cc. (1-| drms.) have caused serious symptoms.

(c.) The Carbonate of Lead.—Doses of anything like 28 grms.
(an ounce) would probably be very dangerous to an adult; the
only case of death on record is that of a child who took some
unknown quantity, probably, from the description of the size of
the lump, about 10 grms. (2J drms.).

§ 690. Antidotes and Treatment.—Soluble sulphates (especially
magnesic sulphate) have been given largely in both acute and
chronic cases ; in the acute, it stands to reason that it is well to
ensure the presence of plenty of sulphates in the stomach and
intestines, in order to form the sparingly soluble lead sulphate,
should any residue remain; but to expect this double decom-
position to go on in the blood and tissues is not based upon
sound observation. The chronic lead poisoning is best treated by
removal from the source of mischief, the administration of large
quantities of distilled water, and medicinal doses of potassic iodide.

§ 691. Localisation of Lead.—In a dog, which was killed by
chronic lead poisoning, Heubel found in the bones -02 to -03
per cent, of lead; in the kidneys, -01 to "02; liver, -01 to -03 •

brain, -004 to -01; muscles, -001 to -002; in the intestines
traces -002

; in the spleen, the blood, and the bile, he also only
found traces. If, however, the percentage be calculated on the
dry substance, they would come out somewhat as follows :—

Liver, .

Kidney,
Brain, .

Bones,

.

Muscles,

•03 to -10 i^er cent.
•03 to -07

•02 to -05

•01 to •O*
•004 to -008 ,,

It IS of no value to search the blood for lead, for, althout^h
Tiedemann, Gmelin, Lassaigne, Ohevallier, and others have
Irequently done so, only traces have been found. It nevertheless
IS taken up by the blood, and forms with organic bodies com-
pounds soluble with difficulty.

Without going so far as to say that lead is a natural constituent
ot the body, it is certain that it may be frequently met with in
persons who have been apparently perfectly healthy, and quite
tree from all symptoms of lead poisoning. Legrip found in the
liver and spleen of a healthy person, 5^4 mgrms. of lead oxide inevery kilogram; Oidtmann, in the liver of a man fifty-six years
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of ao'e, 1 mgrm. of lead oxide per kilogram, and in the spleen 3

m'^rms. per kilogram. Hence, the analyst, in searching for poison

must be very careful in his conclusions. Grave and serious

errors may also arise from complications; suppose, e.g., that a

deceased person previous to death had partaken of game, and

inadvertently swallowed a shot—if the analyst had not careful y

searched the contents of the stomach for solid bodies, but merely

treated them at once with acid solvents, he would naturally get

very decided lead reactions, and would possibly conclude, and

give evidence to the effect, that a poisonous soluble salt of lead

had been administered shortly before death.

S 692 Detection and Estimation of Lead.—K great number ot

fluids (such as beer, wines, vinegar, water, &c.), if they contam

anythincr like the amount of one-tenth of a milligramme m 100 cc.

will give a very marked dark colour with SH,. It is, however

usually safest in the first place to concentrate the liquid, to add

an acid, and deposit the lead on platinum, in the way to be

shortly described. Nearly all the lead from ods and fatty

matter may be dissolved out by shaking up the fat mth dilute

nitric acid; if necessary, the fat should previously be melted.

If (in the usual course of routine research) a hydrochloric acid,

solution is obtained from the treatment or destruction of organic:

substances by that agent, and lead sulphide (mixed possibly r

with other sulphides) is filtered off, any arsenical sulphide may,

first be extracted from the filter by ammonia, and any anti-

monious sulphide by sodic sulphide; then the sulphide may be,

extracted by warm hydrochloric acid, which will leave undis-

solved such sulphides as those of copper and mercury. Un

diluting the liquid, and filtration at a boiling temperature,

crystals of lead chloride will be deposited on cooling.

If however, organic matters are specially searched tor leaxl,

hydrochloric acid is not the best solvent but
^ij^^^^^f^J^^^^^^^^

be preferred; and, if there is reason to think that the lead exist^

in the form of sulphate, then the proper solvent is either the

acetate or the tartrate of ammonia; but, m
^J^^^^^''

^^^Jf^ ^^^^^^^^^

tion should contain an excess of ammonia. It must, hmvever, be

remembered that organic matters retain lead with great tenacity,

Ld that in all cases where it can with any convem
^

e

^
effected, the substances should be not only carbonised,

^f^^^
to an ash- for Boucher has shown* that carbon retains ead, and

tLTthe lead in carbon resists to a considerable extent the action

°^Slhe'case of sulphate of lead, which may be always produced

• Amu d'Hygicne, t xli.
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in an ash from organic substances by previous treatment with

sufficient sulphuric acid, a very excellent method of identification

is to convert it into sugar of lead. To do this, it is merely

necessary to boil it with carbonate of ammonia, which changes it

into carbonate of lead; treatment with acetic acid will now give

the acetate; the solution may (if the lead is in very small quan

tity) be concentrated in a watch-glass, a drop evaporated to

dryness on a circle of thin microscopic glass, and the crystals

examined by the microscope ; the same film next exposed to the

fumes of SHg, which will blacken it; and lastly, the solution

(which should be sweet) tasted. A crystalline substance, pos-

sessing a sweet taste, and blackening when exposed to SHg, can,

under the circumstances, be no other substance than acetate of

lead.

If the analyst does not care for this method, there is room for

choice. A solution containing lead can be converted into sul-

phide ; in this case it is, however, absolutely necessary that there

should be no great excess of acid, since as little as 2-5 per cent,

of free hydrochloric acid will prevent all the lead going down.
On obtaining the sulphide, the latter, as already described, can
be converted into chloride by hydrochloric acid, and the crystal-

line chloride is extremely characteristic.

From the solution of the chloride the metal may be obtained
in a solid state by inserting a piece of zinc in the solution con-
tained in a crucible; the lead will be deposited gradually, and
can be then collected, washed, and finally fused into a little

globule on charcoal. A lead bead flattens easily when hit with
a hammer, and makes a mark on paper. Solutions of the chloride
also give a heavy precipitate of lead sulphate, when treated with
a solution of sodic sulphate.

When lead is in very minute quantity, an electrolytic method
is generally preferable; the lead is precipitated on platinum by
using exactly the same apparatus as in Bloxam's test, described
at p. .533; the liquid to be tested being placed in the inner cell,

the lead film may now be identified, dissolved in nitric acid, and
estimated by a colorimetric process. For the estimation of the
minute fractions of a grain by a colour method, it is merely

' necessary to have a very dilute solution of acetate of lead, to add
a known volume of SHg water to the liquid to be tested in a
Nessler cylinder, noting the colour, and add to another a known
quantity of the standard lead solution and the same quantity of

' SHj as was added to the first.

The process has an advantage which is great, viz., that it either
:
detects copper or proves its absence at the same time ; and there

[

are few cases in which the analyst does not look for copper as well
37
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as for lead. Lead, if in sufladent quantity, may be most con-

veniently estimated as oxide, sulphate, or chloride the chief

properties of these substances have been already described.

2. COPPER.

§ 693. Copper, Ou = 63-5; specific gravity, from 8-921 to 8-952;

fusing point, 1091° (1996°F.). Copper in analysis occurs either

as a film or coating on such metals as platinum, iron, &c., or in a

state of fine division; or, finally, as a bead. In thin fibns, copper

has a yellowish or a yellowish-red colour ; it dissolves readily m
nitric, slowly in hydrochloric acid. If air be excluded, hydro-

chloric acid fails to dissolve copper, and the same remark applies

to ammonia; but, if there be free access of air, ammonia also acts

as a slow solvent. Metallic copper in a fine state of division can

be fused at a white heat to a bright bluish-green globule, which,

on cooling, is covered with black oxide.

S 694. Cupric Oxide (OuO = 79-5; specific gravity, 6-5; com-

position in 100 parts, Ou 79-85, O 20-15) is a brownish-black

powder, which remains in the absence of reducing gases unaltered

at a red heat. It is nearly insoluble in water, but soluble m
OIH, NO3H, &c. ; it is hygroscopic, and, as every one who has

made a combustion knows, is readily reduced by ignition with

charcoal in the presence of reducing gases.

§ 695. Cupric SukMde, CuS = 95-5, produced in the wet way,

is a brownish powder so insoluble in water that, according to

Fresenius, 950,000 parts of Avater are required to dissolve one

part It is not quite insoluble in OIH, and dissolves readily in

nitric acid with separation of sulphur. By ignition m a stream

of Hg, it may be converted into the subsulphide of copper, it

must always be Avashed by SH2 water. ^,

8 696. Solubility of Copper in Water and Various IHuids.- i^^

solubUity of copper in water and saline solutions has be^euAeiy

carefully studied by Carnelley.* Distilled water exerts sonie

solvent action, the amount varying, as might be expected, accora-

ing to the time of exposure, the amount of surface exposed, tue

quantity of water acting upon the copper &c. It/O"
f ^^'^^

that under favourable circumstances, 100 cc. of distilled ^^ater

may dissolve -3 mgrm. of copper (-2 grain per gallon)

With regard to salts, those of ammonium exert a solvent actio

on copper more decided than that of any o^^^f^known.
J^^^^^^^^^

the others, however, the nature of the base exerts little influence,

• Journ, Chem. Soc, 1876., vol. ii., p. 4.
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the action of the salt depending chiefly on the nature of its acid
radical. Thus, beginning with the least effective, the following is

the order of dissolving strength:—Nitrates, sulphates, carbonates,
and chlorides. It will then at once be evident that a water, con-
taminated by sewage, and therefore containing plenty of ammonia
and chlorides, might exert a very considerable solvent action on
copper.

Almost all the oils and fats, as well as syrups, dissolve small
quantities of copper; hence its frequent presence in articles of
food cooked or prepared in copper vessels. In the very elaborate
and careful experiments of Mr. W. Thompson,* the only oils
which took up ho copper, when digested on copper foil, were
English neats'-foot oil, tallow oil, one sample of olive oil, palm-nut
oil, common tallow oil, and white oil, which was protected from
the air by a thick coating of oxidised oil on its surface.

§ 697. Gop23er as a Normal Constituent of Animal, Vegetable,
and other Matters.—Go^^Bx is very widely distributed through-
out the mineral, animal, and vegetable kingdoms. Besides, being
present in numerous minerals and earths, it is often found in
sprmg and river water, either from the solvent action of the
water itself, or from pollution from copper mines or manufac-
tories in which the metal is used.

In the animal kingdom it is a constant and natural consti-
tuent of the blood of the cephalopods, Crustacea, gasteropods, and
cephaiophora, and is nearly always present in the liver and
kidneys of domestic animals, as well as in men. Dr. Dupr6t
found -035 to -029 grain (1-8 to 2 mgrms.) in human livers,
or about one part in 500,000. Bergeron and L. L. Hote's
researches on fourteen bocUes, specially examined for copper, fully
substantiate those of Dr. Dupre; in twelve, the copper was foundm quantities of from -7 to 1-5 mgrm.; in the remaining two the
amount ol copper was very minute, and was not estimated.!
popper is also found normally in the kidneys, and DupreS
aetected m human kidneys about one in 100,000 parts; it is
also lound m the bile, and in minute traces in the blood 11

in the kidneys and livers of the ruminants copper may always
oe lound, a sheep's liver containing about one part in 20,000 ITbhurch found copper in the feathers of the wings of the turaco;
meiopsitt in the feathers ofa paraquet (il/efo^siWwms undulatus)**

PP* net 200°.3l3^^**^ ^^v.,
t Analyst, No. 13, 1877.
t Oompt. Rendus, vol. Ixxx., p. 268. s Qn cit

\ dTp't?ofcei
^^^y-olo^cL 2al£^:t 415.

^ (:hem. News, xxviij. 212,
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In xN heat (and therefore in bread), in barley, mangel-wurzel,

swedes (and in both the root and leaf of turnip), as well as

in most other vegetables, copper in very mmute traces may

be detected. Of the different vegetables specihed, Dr. Dupi^

found, as a maximum, one part of oxide ot copper m 240,000

parts of wheat; and, as a minimum, one part of oxide of copper

in 4,375,000 of turnip root.*
, ^ .

, n
S 698 Copper in Articles of Food and i)rtn/c.-Copper as an

impurity, or an adulterant, is found in a great variety of articles

of food and drink. It has been discovered in aerated ^^•aters,

its presence being due to the use of copper cylinders, the hnmg

tin of which had^been rendered defective by corrosion.!

Accidents may also occur from the use of copper boders. iMr.

W. Thompson found in one easel no less than 3-5/0 grains m

a gallon (51 mgrms. per litre) in water drawn from a kitchen

^°lT'lloubaix, in France, sulphide of copper had been deposited

on the roof, as a consequence of the use of copper flues, the

sulphide was changed into sulphate by the action of the air, and

washed by the rain into the water-taiik.§
. attractive

That preserved vegetables are made of a bright and
f^^^^

green colour by impregnation with copper, ^om tl^^ f^^^^^^^^^

use of copper vessels for this purpose, is a
^^f.

^^^S/^^^
Green peas especially have been f^^^'^t^j; ^ake? plaTe in

number of convictions for this offence ha.e taken place m

^^Tn'mr, several cases were heard at the Marlborough Police

Court under the Sale of Food and Drugs Act, the charge be ng

the addition of copper to peas; in a
V-^'^^^^Yl^'^^Zv^

pound tin of preserved peas was found to contain ^opper

equal to 21 grains of copper sulphate. There was a considenibl

amount of scientific evidence offered, one of the experts (Di
.
G uy

was beyond that which could be naturally present

vegetable. II g prosecuted for

At the Liverpool Police ^Jomt, a mm i

selling peas containing copper equal to 2, giains ot smpu

the pound tin.ll

* Duprd. Op. at. Sav.oa.1 ^^^^ l^^^^^^J^^^^^^ Dr.

t " On the Presence of Lead and l^opper ^
James Milne.—C//.cot. Neio.% xxxi., p. 77.

+ Ghevi. News, xxxi., No. 801.

8 Author's ^k^ionan^ o/7/2/(,.an«, p. 16/.
^ ^^^^^^^ ^.^ ^. 335.

II
Analyst, 18/7, p. ^iw-
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A Liverpool grocer was fined 20s. and cosbs, for selling peas con-

taining copper equal to 2-6 grains of the sulphate to the pound.*

At Bradford, vendors have been fined for selling coppered peas,

the metal equalling from IJ to 2 gi'ains to the pound, f

Copper may be found in spirits, owing to the use of copper

condensers, a remark which applies also to the essential oils,

such as oleum cqjepute menthce, ifec.J In France, it has been
added fraudulently to absinthe, to improve its colour. § Green
sweetmeats, green toys, green papers, have all been found to

contain definite compounds of copper to a dangerous extent.

§ 699. Preparatiom of Copper used in Medicine and the Arts.

(1.) Medicinal Preparations

:

—
Sulphate of Copper, Cupri Sulphas, OUSO45H2O. This well-

known salt is very soluble in water, reddens litmus, and is

slightly efflorescent; its solution responds to all the usual tests

for copper and sulphuric acid. A watery solution of the salt to

which twice its volume of a solution of chlorine has been added,
gives, when treated with ammonia in excess, a clear sapphire-blue
solution, leaving nothing undissolved, and thus showing the
absence of iron. Besides iron, sulphate of copper has been found
to contain zincic sulphate.

Cuprum Aluminatum.—A preparation, called cuprum alumina-
tum {Pierre divine) is in use in France and Germany as a
medicine. It is composed of 16 parts cupric sulphate, 16 potassic
nitrate, 16 alum, and 5 camphor.

Regular and irregular medical practitioners, veterinary sur-
geons, farriers, and grooms, all use sulphate of copper (bluestone)
as an application to wounds. Copper as an internal remedy, is not
in favour either with quacks or vendors of patent medicines. The
writer has not yet found any patent pill or liquid containing it.

(2.) Copper in the Arts.—Copper is used very extensively in the
arts; it enters into the composition of a number of alloys, is one
of the chief constituents of the common bronzing powders, is
contained in many of the lilac and purple fires of the pyro-
technist, and in a great variety of pigments. The last-mentioned,
being of special importance, will be briefly described :

—

Pigments :—
Schweinfurt and Scheele's Green\\ are respectively the aceto-

arsenite and the arsenite of copper.—(See article " Arsenic)."
* Sanitary Record, vj.

, p. 351. f KM. ,
vij., p. 63,

^ According to Eulenberg (Gewerhe Jfyglene, p. 716), Oleum cajepuie,
Mcntli. pip., Melisscp. Tanacelti, &c., are almost always contaminated with
copper. § Tardieu : Etude Med. L6(j. sur I' Empoisoiinement

II
ihe synonyms for Schweinfurt green are extremely numerous -—Mitic

S actuduse."'
""''""'^ ^'"'''"^'^ P"ncipal terms
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Brighton Green is a mixture of impure acetate of copper and

chalk.

Brunswick Green, originally a crude chloride of copper, is now

generally a mixture of carbonate of copper and chalk or alumina.
^

Mountain Green, or Mineral Green, is the native green carbonate

of copper, either with or without a little orpiment.

Neuwieder Green is either the same as mountain green, or

Schweinfurt green, mixed with gypsum or sulphate of baryta.

Green Verdites is a mixture of oxide and carbonate of copper

with chalk.

Verdigris is an acetate of copper, or a mixture ot acetates.

Its formula is usually represented as (C2H3O2) CuO. It is much

used in the arts, and to some extent as an external application

in medicine. Its most frequent impurities or adulterations are

chalk and sulphate of copper.

S 700. Dose—Medicinal Dose of Copper.—^uxcg. sulphate ot

copper is practically the only salt administered internally, the

dose is generally expressed as so many grains of sulphate. This

salt is given in quantities of from -016 to -129 grm. ^ to 2 grams)

as an astringent or tonic; as an emetic, from -324 to -648 grm.

(5 to 10 grains). , • u

The sulphate of copper is given to horses and cattle m such

large doses as from 30 up to 120 grains (1-9 to
7-J

grms ) ;
to

sheep, from 1-3 to 2-6 grms. (20 to 40 grams); rabbits, -0648 to

•1296 grm. (1 to 2 grains).
^ 1 1. ^ f

Poisonous Dose.-A dose of 7-7 grms. of sulphate of copper

(120 grains) has caused very serious symptoms.* A woman died

in seventy-two hours, after taking 27 grms. (7 drms.) of sulphate

of copper mixed with 11-6 grms. (3 drms.) of sulphide of iron.

56-6 orms. (2 ozs.) of the acetate of copper have caused death m
three^days; 14-17 grms. (| oz.) in sixty houvs.f

^ xt,,,,,.!-

8 701. -Efects of Soluble Copper Salts on Anivmls —ILavnack

has made some experiments on animals with an alkalme tartrate

of copper, which has no local action, nor does it precipitate

albS.
' 1 to f mgrm. of copper oxide in this form admmis^er^

subcutaneously, was fatal to frogs, -05 grm. to rabbits, -4 grms. to

do's The dh'ect excitability of the voluntary muscles was

cradually extinguished, and death took place from heart

Svsis Vomiting was only noticed when the poison was

Smt tered by the stomaclif The te-perature of anWs

poisoned by copper sinks, according to the
^^^^^^'^'^''l^.X

Falck many deo-rees. These observations are m agreement witJi

the effS of copper salts on man, and with the experiments of

Orfila, Blake, C. Ph. Falck, and others.

• Taylor, Op. cit. "V
Soimenschein, Op. cit.

I
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§ 702. Effects of Soluble Copper Salts on Man—-Acute Poisoning.

—Acute poisoning by salts of copper is rare; in the five years
ending 1880, there were registered in England seven deaths from
this cause—five were adults, two of the five were suicidal cases,

and two were children. The symptoms produced by the sulphate
of copper are those of a powerful irritant poison: there is

immediate and violent vomiting; the vomited matters are of a
greenish colour—a green distinguished from bile by the colour
changing to blue on the addition of ammonia. There is pain in
the stomach, and in a little time affections of the nervous system,
as shown by spasms, cramps, paralysis, and even tetanus.
Jaundice is a frequent symptom, if life is prolonged suflSciently

to admit of its occurrence.

One of the best examples of acute poisoning by copper sulphate
is recorded by Maschka.* A youth, sixteen years old, took an
unknown large dose of powdered copper sulphate, mixed with
water. Half an hour afterwards there was violent vomiting, and
he was taken to the hospital. There was thirst, retching, con-
striction in the throat, a coppery tint in the mouth, and pain in
the epigastrium, which was painful on pressure. The vomit was
of a blue colour, and small undissolved crystals of copper sulphate
were obtained from it. The patient was pale, the edges of the
lips and the angles of the mouth were coloured blue, the surface
of the tongue had also a blue tint, the temperature was
depressed, the extremities cold, nails cyanotic, and the pulse
small and quick. Several loose greenish-yellow evacuations
were passed ; there was no blood. The urine was scanty, but
contained neither blood nor albumen. During the night the
patient was very restless; the next morning he had°violent
headache, pain in the epigastrium, burning in the mouth and
gullet, but no vomiting. The urine Avas scanty, contained blood,
albumen, and colouring-matter from the bile. On the fourth day
there -was marked jaundice. The mucous membrane was very
pale, the temperature low, pulse frequent, and great weakness,
cardiac oppression, and restlessness were experienced. There was
diarrhoea and tenesmus, the motions being streaked with blood •

the urine also contained much blood. The liver was enlarcred.'
The patient died in a state of collapse on the seventh day.

In 1836 a girl, sixteen months old, was given bluestone to
play with, and eat an unknown quantity ; a quarter of an hour
aiterwards the child was violently sick, vomiting a bluish-crreen
liquid containing some pieces of sulphate of copper. Death'^took
place in four hours, without convulsions, and without diarrhoea.

* Wiener Med. Wochenschr., 1871, Nro. 26, p. C28.
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§ 703. Suhaceiate of Copper, SubcJdoride, and Carbonate, all act

very similarly to the sulphate when given in large doses.

§ 704 Post-mortem Appearances.—In Maschka's case, the chiet

changes noted were in the liver, kidneys, and stomach. The sub-

stance of the liver was friable and fatty ; in the gall-bladder there

were but a few drops of dark tenacious bile. The kidneys were

swollen, the cortical substance coloured yellow, the pyramids

compressed and pale-brown. In the mucous membrane of the

.stomach there was an excoriation the size of a shilling, in which

the epithelium was changed into a dirty brown mass easily

detached, laying bare the muscular substance beneath, but other-

wise normal. , . , , c \

In a case of poisoning by verdigris (subacetate of copper) le-

corded by Orfila,* the stomach was so much inflamed and

thickened that towards the pyloric end the opening into the

intestine was almost obliterated. The small intestines throughout

were inflamed, and perforation had taken place, so that part ot

the green liquid had escaped into the abdomen. The large

intestines wei-e distended in some parts contracted m others and

there was ulceration of the rectum. In other cases a stnking

discoloration of the mucous membrane, being changed by he

contact of the salt to a dirty bluish-green, has been noticed, and,

when present, will afford valuable indications.

CWc Poisoning ly Copper. - This has o---nally^

seen among workers in copper or its salts, and also from the use

of food accidentally contamhiated by copper.

there is a very great resemblance to those
PJ^^-f f

^

There is a green line on the margin of the gums. Di. t^laptonT

Jound the fine very distinct in a sailor and t-o -rking coppe^

smiths, and the two men were also seen by D -
Taylor Ca.^

of chronic poisoning among coppersmiths have ^ « ^^^^l^^^^^^^

bv "Dr Cameron,! but this symptom was not noticed. Ooriigan

sp'e?ks of th/Li round theVus, but describe. ;t as P-p -^^^^^

Metallic copper itself is not poisonous, so that the copper austS be converted by the fluids of the body into a soluble sal^

Ta^lble^f beLg abso'rbed into the ^^oA^^^

produce colicky pains, impairment of the digestion, diarri

* yWcoZoff'V, vol. 1., p. 78/ (5th ed )

+ Med. Times and Gazette, June 1868, p. Gob.

+ Med. Times and Gazette, 1870, vol. i., p. obi.

§ " Atlas of Pathological Anatomy.

1



§705.] COPPER. 585

emaciation, and often a catarrhal cough. It was the opinion of

Corrigan * that the main difference between the slow action of

copper and that of lead was that copper salts, more especially,

exerted their effects on the functions of nutrition and assimila-

tion, whilst lead acted energetically on the nervous system.

§ 705. Detection and Estimation of Copper.—Copper may occur

either in the routine process of precipitating by SHg, or it may,

as is generally the case, be searched for specially. If copper is

looked for in a precipitate produced by SH,, it is taken for

granted that the precipitate has first been treated successively

by carbonate of ammonia, sulphide of sodium, and hydrochloric

acid; in other words, arsenic, antimony, and lead have been
removed. The moist precipitate is now treated Avith warm
nitric acid, which dissolves out copper sulphide with separation

of sulphur; if there is sufficient copper, the fluid shows a blue
colour, which of itself is an indication of copper being present.

The further tests are—(1.) Ammonia gives a deeper blue; (2.)

ferrocyanide of potash a brown-red colour or precipitate; (3.) a
few drops mixed with a solution of tartrate of soda, alkalised

with sodic hydrate, and boiled with a crystal or two of grape-
sugar, gives quickly a red precipitate of oxide of copper; (4.) a
needle or a clean iron wire, or any simple galvanic combination
immersed in, or acting on, the liquid, soon becomes coated with
the very characteristic reddish metallic film. Various other
tests might be mentioned, but the above are ample.

Special Examinationsfor Copper.

(1.) In Water and Liquids generally.—The liquid may be con-
centrated, and the copper separated by electrolysis. A simple
method is to place the liquid in a large platinum dish, and insert
a piece of zinc, adding a suflacient quantity of OIH to dissolve
the zinc entirely ; the copper is found as an adherent film on
the inner surface of the dish. It is neater, however, and more
accurate, to connect the platinum dish with the negative plate of
a battery, suspending in the liquid the positive electrode. The
modifications of this method are numerous; some chemists use
(especially for small quantities of copper) two small platinum
electrodes, either of foil or of wire, and on obtaining the film,
weigh the electrode, then dissolve tlie copper ofi' by nitric acid^
and re-weigh. Such solid substances as peas are conveniently
mashed up into a paste with water and CIH; an aliquot part is

* Dublin IIosp. Oaz., Sept. 1855,
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carefully weighed and put in a platinum dish, connected, as

before described, with a battery ; at the end of from twelve to

twenty-four hours all the copper is deposited, and the dish with

its film dried and weighed. The weight of the clean dish, minus

the coppered dish, of course equals the copper. Fat and oils are

best thoroughly washed with hot acid water, which will, if

properly performed, extract all the copper. By the use of

separating funnels and wet filters, the fat or oil can be separated

from the watery liquid.

A test has been recently proposed, which is certainly the most

delicate known, of a mgrm. in solution being recognised with

facility. A zinc platinum couple is made with two wires; on

leaving this in an acid liquid containing a mere trace of copper,

after several hours the platinum will be found discoloured. If

the discoloration is from copper, on exposing the wire to hydro-

bromic acid fumes (easily produced from the action of potassic

bromide and sulphuric acid) and bromine, the wire will become

of a violet colour. This colour is easily recognised by rubbing

the wire on a piece of porcelain.*

(2.) Animal Matters, such as the liver, brain, spinal cord, &c.,

are best entirely burnt to an ash, and the copper looked for m
the latter, t The same remark applies to bread and substances

consisting almost entirely of starchy matters. Any injurious

quantity of copper can, however, be extracted with hydrochloric

acid and water; and, although this method of extraction is not

quite so accurate, it is quicker.

§ 706. Volumetric Processes for the Estimation of Copper.—A.

number of volumetric processes have been devised for the esti-

mation of copper, but for the purposes of this work it is

unnecessary to detail them. When copper is in too small a

quantity to be weighed, it may then be estimated by a colon-

metric process. ...

One of the best of these is based upon the brown colour wliicU

ferrocyanide of potash produces in very dilute solutions of copper.

A standard copper solution is obtained by dissolving sulphate ot

copper in a litre of water, so that each cc. contams O-l mgrm.

Ou. and a solution of ferrocyanide of potash in water is prepared,

strength 4 per cent. It is also convenient to have a solution ot

nitrate of ammonia, which is found to render the reaction much

more delicate. ^

the comnositiou of the soil Somicnscliem mentions a skull, nojv m tne

SuseuTat Madrid which was dug out of an old Roman mine and is quite

green from copper compounds. -Sonneuschein s //an(Z6Mc/i, p. W.
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The further details of the process are precisely on the same

principles as the well-known colorimetric method of estimating

ammonia by Nessler's solution.

3. BISMUTH,

§ 707. Msmuth, Bi = 210; specific gravity, 9-799; fusing point,

264° (507-2T.) Bismuth, as obtained in the course of analysis,

is either a black metallic powder or a bead extremely brittle, and
of a reddish-white colour. The compounds which it will be
necessary to notice briefly will be the teroxide and the tersul-

phide.

§ 708. The Teroxide of Bismuth (Bi203 = 468; specific gravity,

8-211; Bi 89-64 per cent., O 10-36 per cent.), as prepared by
igniting the carbonate or nitrate, is a pale lemon-coloured powder,
which can be fused without loss of weight, but is reduced in char-

coal, or in a stream of carbon dioxide, to the metallic state. It is

also reduced by fusion with cyanide of potassium, or by ignition
with chloride of ammonium.

§ 709. The Sulphide ofBismuth (Bi^Sg 516 ; Bi 81-25 per cent.,

S 18-75 per cent.), occurs in the course of analysis as a brownish-
black or quite black precipitate, insoluble in water, dilute acids,

alkalies, alkaline sulphides, sulphate of soda, and cyanide of
potassium, but dissolving in moderately concentrated nitric
acid, with separation of sulphur. It continually increases in
weight when dried in the ordinary way, and is completely
reduced when fused with cyanide of potassium.

§ 710. Preparations of BismtUh used in Medicine and the Arts.

(1.) Pharmaceutical Preparations

:

—
Bismuthi Suhnitras (Subnitrate of Bismuth, BiNO^HgO). A

heavy white powder insoluble in water, and responding to the
usual tests for bismuth and nitric acid. The percentage of bis-
muth in this preparation often varies within somewhat wide
ilimits, for there are at least two nitrates in commerce, the one
^containing 79-4 per cent, of bismuth oxide, the other 76-48 per
icent.

The principle impurities to be looked for are—ammonia,* car-
bonate of lead, arsenic, chlorine, and sodium salts. The first is

„
* -Ammonia is, perhaps, formed in the preparation of bismuth as follows

i2Bi2 + l5N03H= 3N0.34Bi + COH2 + NH3-f-N203. -W. G. Piper, Phami.
Journ. April 21, p. 77.

i
»

.
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easily detected by distilling with potash, and estimating the NH3
by titration, or, if in small amount, by colorimetric methods;

carbonate of lead, by effervescence with nitric and precipitation

by sulphuric acids; arsenic, by Davy's test (seep. 537) ;
chlorine,

by nitrate of silver; and sodium salts, by boiling the bismuth

with water, filtering, evaporating down to dryness, and examin-
|

ing the residue.

Tellurium has recently been suspected in preparations of

bismuth; the evidence on the point, however, is not of an

analytical character, but is based upon the observation that some

persons, after taking certain bismuth preparations, have suffered

from fcetid breath.* Sir J. Simpson records a case in which a

divinity student inadvertently swallowed a dose of tellurium,

which was followed by the evolution of such a persistent odour,

that for the remainder of the session the patient had to sit apart

from his fellow-students.
, f. v •

Bismuth Lozenges, Trochisci BismutUaxe composed of submtrate

of bismuth, carbonate of magnesia, precipitated carbonate of lime,

sugar, and gum, mixed with rose water. Each lozenge should

contain -13 grm. (2 grains) of nitrate of bismuth.

Sohition of Citrate of Bismuth and Ammonia, Liquor bisnmthi

et Ammoni(B citratis, a colourless, neutral, or slightly alkaline

fluid; specific gravity, M22; responding to the tests for bismuth

and ammonia. • +i i.

The probable impurities are the same as those m the suD-

nitrate, and lead should specially be searched for, because so

frequently contained in citric acid.

Carbonate of Bismuth, Bismuthi carbonas, 2{h\.p(Jz)i±.^J, a nne

white powder, answering to the tests for bismuth and carbomc

anhydride,' and likely to contain the same impurities as the sub-

nitrate. It ought to give 89-1 per cent, of bismuth oxide.

The Valerianate of Bismuth, Bismuthum valerianicum a white

powder, smelling strongly of valerianic acid : if dissolved m nitric

or hydrochloric acids, with separation of the ^•a erianic acid IW

parts must contain 79 of oxide of bismuth. The valerianate ot

bismuth is in the German, but not in the British pharmacot.ana^

(2.) Bismuth in the ^rte.f-The principal use of bismuth s u»

alloys and solders. The chromate is employed in calico-prmtmg,

and the subnitrate as a paint, under the name of pearl-white.

* Pharm. Jonrn. (3.), No. 287, Diet 21, 76
. ^

.

y Accordincr to Mr. FieW (Chem. Nexos, vol. xxxyi., r-.261), "if""'.
coitSned in^all copper coinage-from the Bactnan corns o our 0,^

generally, in all cupreous ores except the carbonates ;
and in nearly

specimens of commercial copper.
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The salts of bismuth also occur in washes for the hair, and

pearl-white is used as a cosmetic, but only to a small extent.

§ 711. Medicinal Doses of Bismuth.—The subnitrate and car-

bonate are prescribed in doses from -0648 to 1-296 grm. (1 to 20

grains); the valerianate, from -1296 to -648 grm. (2 to 10 grains);

and the solution, from 1-7 cc. to 5-2 cc. drachm to 1|- drachm).

§ 712. Toxic Effects of Subnitrate of Bismuth.—The subnitrate

of bismuth in a dose of 7*7 grms. (2 drms.)* has caused the death
of an adult in nine days ; the symptoms were those of a powerful
irritant. There was a metallic taste in the mouth, burning pain
in the throat, vomiting, purging, coldness of surface, and spasms
of the arms and legs. A post-mortem examination showed in-

flammatory changes in the throat, gullet, wind-pipe, and
throughout the intestinal canal. In a case mentioned by Dr.
Traill, a man took three times the above dose in divided quantities
and suffered from very similar symptoms, but recovered.

§ 713. Extraction and Detection of Bismuth in Animal Matters.—
Bismuth appears to be excreted principally by the bowels as
sulphide of bismuth; but it has also been detected in the urine,
spleen, ai^d liver; and Lubinsky has found it in the saliva
and in the epithelium of the mouth of persons taking one of its

preparations. Without denying the possibility of its existing in
a soluble state in the saliva, its presence in the mouth may, under
such circumstances, be ascribed to the lodgment of particles of
subnitrate or subcarbonate of bismuth in the interstices of the
teeth, &c. It will then be evident that, if a person is supposed
to have been poisoned by a large dose of bismuth, and the analyst
fail to find it in the stomach, the contents of the bowels should
be next examined.
The extraction of bismuth must be undertaken by nitric acid,

and boiling for at least two hours may be necessary to dissolve
it out from the tissues. Such organs as the liver and spleen are
boiled in a finely divided state with a litre of dilute nitric acid

' (strength, 5 per cent.), for the time mentioned, filtered, and the
filtrate evaporated to dryness; the remainder is then carbonised

1
by strong nitric acid; and, finally, the charcoal is boiled with
equal parts of nitric acid and water, and the whole evaporated

' to dryness.
^

By this method every trace of bismuth is extracted.
The dry residue may now be brought into solution, and tested
for bismuth. The best solvent for the nitrate of bismuth is

i dilute nitric acid 50 per cent. ; the dry residue is therefore dis-
solved in 100 or 200 cc. of the acid, and fractional parts taken
for examination :

—

* Taylor quoting from Sobernheim, \\ 335.
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(1.) The solution, poured into a large volume of warm distilled

water, gives a crystalline precipitate of subnitrate of bismuth.

The only metal giving a similar reaction is antimony, and this

is excluded by the method employed.

(2.) The filtered fluid gives on addition of sodic chloride a

precipitate of oxychloride. This, again, is distinguished from

oxychloride of antimony by its insolubility in tartaric acid.

(3.) Any bismuth precipitate, fused with soda on charcoal,

gives a brittle bead of bismuth; the coal is coated whilst warm
a dark orange-yellow, on cooling citron-yellow.

(4.) The bead may be identified by powdering it, placing it in

a short subliming tube, and passing over it dry chlorine. The

powder first turns black, then melts to an amber-yellow fluid,

and finally, by prolonged heating, sublimes as terchloride of

bismuth.

(5.) A very delicate test proposed by Abel and Field, in 1862,*

specially for the detection of bismuth in copper (but by no

means confined to mineral analysis), utilises the fact that, if

iodide of lead be precipitated from a fluid containing the least

trace of bismuth, instead of the yellow iodide the scales assume a

dark orange to a crimson tint. A solution of nitrate of lead is used

;

to the nitric acid solution ammonia and carbonate of ammonia

added; the precipitate washed, and dissolved in acetic acid; and,

finally, excess of iodide of potassium added. It is said that thus

so small a quantity as -00025 grm. may be detected in copper

with the greatest ease, the iodide of lead becoming dark orange;

•001 grain imparts a reddish-brown tinge, and -01 grain a crimson.

(6.) Van Kobell's test, as modified by Hutchings,t and pro-

posed more especially for the detection of bismuth in minerals,

is capable of being applied to any solid compound suspected of

containing the metal :—A mixture of precipitated and puritied

cuprous iodide, witli an equal volume of flowers of sulphur, is

prepared, and 2 parts of this mixture are made into a paste with

1 part of the substance, and heated on a slip of charcoal on ajx

aluminium support by the blowpipe flame. If bismuth be

present, the red bismuth iodide will sublime, and on clcaJi

aluminium is easily distinguishable.

There are many other tests, but the above are more than

sufficient. . ,

§ 714. Estimation of Bismuth.— estimation ot bismutn,

when in any quantity easily weighed, is, perhaps, best accom_

plished by fusing the sulphide, oxide, or other compound oi

* Journ. Ghem. Soc, 1862, vol. xiv., p. 290; Ckeiiu News, vol. xxxvu,

p. 261.

t Ghem. News, vol. xxxvi., p. 249.
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bismuth, in a porcelain crucible with cyanide of potassium ; the

bismuth is reduced to the metallic state, the cyanide can be
dissolved out, and the metallic powder washed (first with water,

lastly with spirit), dried, and weighed.

Mr. Pattison Muir has shown* that bismuth may be separated

from iron, aluminium, chromium, and manganese, by adding am-
monia to the acid solutions of these metals.

This observation admits of many applications, and may be
usefully taken advantage of in the separation of bismuth from
the nitric acid solution of such animal matters as liver, &c. The
acid liquid is partially neutralised by ammonia, and, on diluting
with warm water containing a little sodium or ammonium
chloride, the whole of the bismuth is precipitated as oxychloride,
which may be collected, and fused with cyanide of potassium, as
above.

If the bismuth precipitate is in small quantity, or, if a num-
ber of estimations of bismuth are to be made, it is most convenient
to use a volumetric process. In the case first mentioned, the
oxychloride could be dissolved in nitric acid, sodium acetate
added in excess, and sufiicient acetic acid to dissolve any pre-
cipitate which has been produced, and then titrated by the
following method, which we also owe to Mr. Pattison Muir :

—

Estimation of Bismuth by Potassium Dicliromate.\—A solution
of recrystallised potassium dichromate (strength, 1 per cent.) is
prepared. A known weight of pure bismuthous oxide (BigOg) is dis-
solved in excess of nitric acid, and a solution of sodium acetate
is added to this liquid until a copious white precipitate is thrown
down; acetic acid is then added in quantity sufficient to dissolve
the precipitate completely, and to insure that, when the liquid is
made up with water to a fixed volume, no precipitate shall be
formed. A certain volume of this liquid is withdrawn by means
of a pipette, placed in a beaker, and heated to boiling; the potas-

:
slum dichromate is then gradually run in from a burette, the

i liquid being boiled between each addition of the solution, until
a drop of the supernatant liquid gives a faint reddish-brown

. coloration when spotted with silver nitrate on a white slab.
Another very generally applicable volumetric method for

i bismuth has been proposed by Mr. Muir. J This depends on the
:
fact (observed by Sonchay and Leussen),§ that normal bismuth
oxalate splits up on boiling into a basic oxalate of the composi-

• tion Bi2032020.3 + OH^, but slightly soluble in nitric acid. The
* Pattison Muir on "Certain Bismuth Compounds. "—/owm Chcm. Soc.

i p. 7, 1876.

t {bid., vol. i., p. 659, 1879. t Unci., 1877.
S Ann. Chem. Pliarm., vol. cv., p. 245.
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process is performed by precipitating the bismuth by excess of

oxalic acid, dissolving the precipitate (first purified from free

oxalic acid) in dilute hydrochloric acid, and lastly, titrating by

permanganate. The absence of free hydrochloric acid before

precipitating must be insured.

4. SILVER.

§71.5. Silvers 108; specific gravity, 10-5; fusing point,

(1873°F )
Silver, as separated in analysis, is either a

ve^y white, glittering, metallic bead, or a dull grey ponder. It

does not lose Aveight on ignition, and is soluble m dilute nitric

^''tVie. Chloride of Silver, AgCl = 143-5
;
specific gravity, 5-552;

A- 75-27 per cent., 01 24-73 per cent., is a dense, white, curdy

precipitate, when produced in the wet way It is very insoluble

in water, dilute nitric acid, and dilute sulphuric acid; in many

v.arm solutions (especially aqueous solutions of the chloride

aenerally), the alkaline and alkaline-earthy nitrates,_ and tartaric

a,cid solutions, the silver is dissolved to '^PP^^^j.^^^^^^^^^^^l;

but deposited again on diluting and cooling. The comp ete

solvents of chloride of silver are-ammonia, cyanide of potassium

and hyposulphite of soda. Chloride of silver cannot be fused at

a h ih heat without some slight loss by volatilisation ;
on coal m

?he b F it fuses very easily to a globule. It can with soda be

deduced to metal, anfl can llso readily be -^^-^ by^^^^^^^^^^^^^^

a current of hydrogen, carbon oxide, or carburetted hydrogen

^1"717. Sulphide of Silver, Ag,S=.248; specific f^^J^
A a 87-1 per cent., S 12-9 per cent.: when prepared in the Ave

wfy is a b ad precipitate, insoluble in Avater, dilute acids, and

rikaline sulphides. If ignited in hydrogen it may be reduced to

it is soluble in nitric acid, with separation of

sulphur.

§ 718. Freparatiom of Silver used in Medicim and the Arts,

a.) Medicinal Preparations :—
Qfi-lO ner
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83-4 parts. The silver is, however, far more quickly estimated by
the blowpipe than in the wet way. One grm. fused in a cavity

on charcoal should give a little globule of metallic silver, weighing

about -6351 grm. The chief adulterations of this substance are

copper, lead, and nitrate of potash. If all the silver is precipi-

tated by hydrochloric acid, carefully filtered ofi", and the filtrate

evaporated to dryness, any residue will denote adulteration or

impurity.

Argenii Oxidicm, Oxide of Silver, Ag,0 = 232; Ag 93 "19 per
cent. A dark olive-brown powder, soluble in ammonia and
nitric acid. By ignition it readily yields metallic silver. The
P.B. directs that 29 grains of the oxide should yield 27 of metallic

silver.

Nitrate of Silver and Potash, Argenium nitricum cum hali

nitrico (AgNOg + KNOo).—This preparation is contained in the
German, Austrian, and Norwegian pharmacopoeias. It is directed
that 100 parts of the German and Austrian preparation should,
on analysis, yield not less than 27 parts of chloride of silver

(20-3 Ag), and the Norwegian less than 42-058 parts of chloride
of silver (31-64 Ag) ; the first being prepared in the proportion
of 1 of silver nitrate to 2 of potassic nitrate, whilst in the
Norwegian equal parts are used.

(2.) Silver in the Arts.—The uses of the metal in coinage,
articles for domestic purposes, for ornament, &c., are too well
known to require enumeration. The only forms in which silver
is likely to give rise to accident are the salts used in medicine,
photography, in the dyeing of hair, and in the manufacture of
marking inks.

Hair-dyes.—About one-half of the hair-dyes in use are made
with nitrate of silver. The following are only a few of the
recipes :

—

Aqua Orientalis.—Grain silver 2 drms., nitric acid 1 oz., steel
fiHngs 4 drms., distilled water I J oz.—the whole finally made up
to 31 fluid ozs., and filtered.

Argentan Tincture.—l^itvaAQ of silver 1 drachm, rose water 1
fluid oz., suflB.cient nitrate of copper to impart a greenish tint.
Eau d'A/rique.—Two solutions—one of nitrate of silver, the

' other of potash, containing ammonium sulphide.
The photographer uses various salts of silver, the chief of which

are^—the nitrate, iodide, bromide, cyanide, and chloride of silver.
Marking Inks.—Some of the more important recipes for

i

marking ink are as follows :

—

:

Nitrate of silver 1-0 part, hot distilled water 3-6 parts, muci-
lage, previously rubbed with sap-green, 1-0 part. With this is
sold a "pounce," or preparation consisting of a coloured solution

38
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of sodic carbonate. Another preparation is very similar, but

with the addition of ammonia and some colouring-matter, such

as indigo, syrup of buckthorn, or sap-green. A third is made

with tartaric acid and nitrate of silver, dissolved m ammonia

solution, and coloured.
i .

•

Redwood's consists of equal parts of nitrate of silver and potassie

bitartrate, dissolved in ammonia, with the addition of archil green

and sugar; according to the formula, 100 parts should equal Ib-ty

of silver nitrate.
x- -j- +

Souheiran's Ink is composed of cupric nitrate 3, argentic nitrate

8, sodic carbonate 4, and the whole made up to 100 parts, m solu-

tion of ammonia. In one of Mr. Reade's inks, besides silver, an

ammoniacal solution of a salt of gold is used.
_

S 7 1 9 Medicinal Dose ofSilver C'omimonds.—The nitrate and the

oxide of silver are given in doses from -0162 to -1296 grm {\ gram

to 2 grains). Anything like -1944 to -2592 grm. (3 or 4 grams)

would be considered a large, if not a dangerous dose
;
but nothmg

definite is known as to what would be a 2Joisonous dose.

8 720 Hfects of Nitrate of Silver on Animals.—l^iitra^te ot silver

is changed into chloride by the animal fluids, and also forms a

compound with albumen. Silver chloride and silver albumenate

are both somewhat soluble in solutions containing chlorides ot

the alkalies, which explains how a metallic salt, so very insoluble

in water, can be absorbed by the blood.
, , , ,

The action of soluble salts of silver on animals has been several

times investigated. There appears to be some diflerence between

its eff-ects on warm and cold-blooded animals. In frogs there is

quickly an exaltation of the functions of the spinal cord, teiamc

convulsions appear, similar to those induced by strychnine; later

there is disturbance of the respiration and cessation of voluntary

"^ThT' first symptoms with dogs and cats are vomiting and

diarrhoea ; muscular weakness, paralysis disturbance ot the

respiration, and weak clonic convulsions follow. Rouget as . . 1

as Curci, considers that the action of silver is directed to he

central nervous system; there is first,

--^-^f
'

t

follows paralysis of the centres of respmation ^^^^^^ ."^o^ ement^

Death Occurs through central asphyxia. §

researches of F. A. Falck, subcutaneous miect ons of sil r

nitrate into rabbits cause a fall of temperature of 6 ,

J
'

f
'

last being the greatest fall .vhich, in his numerous researches on

the effect of poisons on temperature, he has ^'''''}-
.

Chronic pdsoning, according to the experiments of Bog^ 'o^^«^^^

on animalsf produces emaciation, fatty dcgem^ration of the In er

kidneys, and also ofthe muscles-a statement confirmed hy others.
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§ 721. Toxic Effects of Silver Nitrate in Man—(1.) Acute
Poisoning.—This is very rare. Orfila relates an attempt at

suicide ; but most of the cases have been accidental, and of these,

in recent times, about five are recorded, mostly children. The
accident is usually due to the application of the solid nitrate to

the throat, as an escharotic, the stick breaking or becoming
detached, and being immediately swallowed ; such an accident is

related by Scattergood.* A piece of silver nitrate,
-f
inch long,

slipped down the throat of a child, aged fifteen months—vomiting
immediately occurred, followed by convulsions and diarrhoea;
chloride of sodium was administered, but the child died in six
hours. In other cases paralysis and an unconscious state has
been observed.

(2.) Chronic Poisoning.—Salts of silver taken for a long period
cause a peculiar colour of the skin, the body becomes of a greyish
blue to black colour, it begins first around the nails and fingers,

then patches of a similar hue appear in diSerent parts of the
body, and gradually coalesce, being most marked in those parts
exposed to the light. The colour is not confined to the outer
skin, but is also seen in the mucous membranes. There is also a
slight inflammation of the gums, and a violet line around their
edge. Ginpon observed this line after two months' treatment of a
patient by silver nitrate; the whole quantity taken being
3-9 grms. (about 60 grains). The peculiar colour of the skin is
only seen after large doses ; after 8 grms. taken in divided doses
Chaillon could not observe any change, but after 15 grms. had
been taken it was evident. So also Riemer has recorded a case, in
which, after a year's use of silver nitrate (total quantity 17-4 grms.)
a greyish-black colour of the face was produced, and, when nearly
double the quantity had been taken, the colour had invaded the
whole body.

§ 722. Post-mortem Ap2:)earances.—In the acute case recorded by
>Scattergood, the mucous membranes of the gullet, of the great
curvature of the stomach, and parts of the duodenum and jejunum
were eroded, and particles of curd-like silver chloride adhered to
the mucous membrane.

In the case recorded by Riemer of the long-continued use of
silver nitrate, the serous and mucous membranes were coloured
dark; the choroid plexus was of a blue black; the endocardium,
the valves of the heart, and the aorta pale to dark grey, as well
as the rest of the vessels; the colouring was confined to the intima.
Ihe liver and kidney also showed similar pigmentation. The pi<r-
Dient (probably metallic silver) was in the form of very fine grains,

* Brit, Med, Journal, May, 1871.
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and, as regards the skin, was situate under the Rete mcdpigJda in the
i

upper layer of the cerium, and also in the deeper connective

tissue and in the sweat glands. Liouville has also found the

kidneys of a woman similarly pigmented, who took silver nitrate

daily for 270 days, in all about 7 grms., hve years before her

^^t)h Detection and Estimation of Silver.—The examination of

the solid salts of silver usually met with (viz., the nitrate,

bromide, iodide, cyanide and chloride) is most speedy by the dry

method on charcoal j in this way in less than 120 seconds any

practical chemist could identify each compound. The nitrate

bromide, iodide, and cyanide, aU, if ignited on charcoal, yield

buttons of metallic silver-deflagration, bromine vapours, lodme

vapours, and cyanogen vapours, being the respective phenomena

observed. Chloride of silver fuses to a pearl-grey, brown, or

black ^lobule on charcoal, according to its purity; but is only m

the M gradualfy reduced to metal. With soda, or fused m

bvdrocren or coal gas, the reduction is rapid enough.

"^"mSe TsLrin soluMon might be identified by a veij, large

number of tests, since it forms so many insoluble salts In

SrSce one is, however, satisfied with three tests-vi^. 1) A

Sy predpitate of chloride, on the addition of hydroch one

add or alkaline chlorides, soluble only in ammonia, cyanide of

^otasshim or hyposulphite of soda; (2) a yellow precipitate, but

Tt le~e inl'mmok on the addition of iodide o^^^^^^^^

and (3) a blood-red precipitate on the addition of chiomate

^the'separation of silver from the contents of the stomac^ is

best ensured by treating it with cyanide of potassium for uiJess

a very large quantity of silver nitrate has been ^.^'^^^ *S
:bfy Lta?ntlat the'whole of it has passed -to ^hl-^^^^^^^

therefore, not be attacked easily by acids. The contents oi

itomaci then, or the tissues themselves are P ^^-^ ii^^^^^^^^^

warmed forsome time with cyamde ofpotassium,
^
f^^^^^^^^^^^

adding ammonia. The fluid is separated from the soM m

bv subsidence (for an alkahne fluid ot this kmcl ^mii sui

fiLrtSfthen^ecomposed by hydrochloric ac

flisVcontaining this fluid is
P^*J-^- ^^^^^^^^^^^

the dear fluid decanted from the ^'^J^l^^l';^^
™

is now collected on a filter, well washed ^v i h hot watei a

dried and reduced on charcoal; or it

'^fJl'^'^l'^^^^^^^^^
cdain crucible with a rod of zmc and ^ ^T^^^f ^led -ith

acid. The sUver i«/oon deposited and must be
.^^^^^^^^

water, then with sulphuric '^^"^•^ ^7
^ filter, again

the partides of silver are now collected on a small Ulte ,
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washed, and on the moist mass a crystal of nitrate of potash and

a little carbonate of soda laid. The whole is then dried, and all

the filter cut away, save the small portion containing the silver.

This small portion is now heated on charcoal until a little button

of pure silver is obtained, which may first be weighed, then dis-

solved in nitric acid, and tested by the methods detailed.

In a similar way hair, suspected of being dyed with silver, can

be treated with chlorine gas, and the chloride dissolved in

potassic cyanide.

Spots on linen, and, generally, very small quantities of silver

may be detected by a simple galvanic process :—The substance is

treated with solution of cyanide of potassium, and submitted to a

weak galvanic current, using for the negative plate a slip of

copper, for the positive, platinum ; the silver is deposited on the

former.

5. MERCURY.

§ 724. Mercury—Hg = 200; specific gravity, 13-596; boiling

point, 350° (662°F.), This well-known and familiar fluid metal

evaporates and sublimes to a minute extent at all temperatures

above 5°.

When precipitated or deposited in a finely divided state, the

metal can be united into a single globule only if it is fairly pure;

very slight fatty impurities especially will prevent the union. It

is insoluble in hydrochloric acid, soluble to a slight extent in dilute

cold sulphuric acid, and completely soluble in concentrated sul-

phuric and in nitric acids. It combines directly with chlorine,

bromine, and iodine, which in presence of free alkali readily

dissolve it. It is unalterable at 100°, and, when exposed to a
high temperature, sublimes unchanged.

Mercurous Chloride (Calomel HgOl- 235-5; specific gravity,

7-178; subliming temperature, 111-6°; Hg 84-94 per cent.; 01
15-06 per cent.), when prepared in the wet way is a heavy white
powder, absolutely insoluble in cold, but decomposed by boiling

water. It may be converted into the mercuric chloride by
chlorine water and aqua regia. Chloride of ammonium, potassium,

! and sodium, all decompose calomel into metallic mercury and
mercuric chloride. It is easily reduced to metal in a tube with
soda, potash, or burnt magnesia.

§ 725. Sulphide of Mercury (HggS, Hg 86-21 per cent., S. 13-79
per cent.) is a black powder, dissolving in uitromuriatic acid, but
very insoluble in other acids or in water. It is also insoluble
in alkaline sulphides, with the exception of potassic sulphide.

§ 726. Medicinal Preparations of Mercury.—Mercury in the
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liquid state has been occasionally administered in constipation;

its internal use is now (or ought to be) obsolete. Gmelin has

found samples contaminated with metallic bismuth—a metal

which only slightly diminishes the fluidity of mercury; the

impurity may be detected bj shaking the mercury in air, and

thus oxidising the bismuth. Mercury may also contain various

mechanical impurities, which are detected by forcing the metal

by means of a vacuum pump through any dense filtering

substance. Tin and zinc may be dissolved out by hydrochloric

acid, and all fixed impurities (such as lead and bismuth) are a^
once discovered on subliming the metal.

Mercury and Chalk {Rydrargyrum cum creta).—Mercury, ^

33-33 per cent.; chalk, 66-67.

Mue Pill {Pilula hydrargyri).—Mercury in a finely divided

state, mixed with confection of roses and liquorice root; the

mercury should be in the proportion of 33-33 per cent.*

Mercury Plaster {Emplastrum hydrargyri).—Made with mer-

cury, olive oil, sulphur, and lead plaster; it should contain Hg

33 per cent.
;
sulphur, 18 per cent.

_

Ammoniac and Mercury Plaster {Emplastrum ammoniaci cum

hydrargyro).—GvLm, ammonia, mercury, olive oil, and sulphur;

it should contain 19-8 per cent, of Hg, and -1 per cent, of

sulphur.

* The chemical composition of blue pill varies according to its age.

Harold Senier has made a careful series of analyses, with the following

Age.
Metallic
Mercury.

Mercuric
Oxide.

Mercurous
Oxide.

Ash.
Organic
Matter

1 18 hours, 32-49 none. a trace. 1-20 66-31

2 3 weeks, 32-26 -09 •25 1-20 66-20

3 3 months, 32-60 -24 -62 1-18 00-36

4 3 31-15 •44 1-60 1-12 65-69

5 6 32-44 -50 -80 1-70 64-56

6 14 >) • 29-86 •98 2-60 1-20 65-36

7 19 »» •
31-59 -50 2-50 1-00 64-41

8 2 years, 28-40 1-80 4-22 2-10 63 48

9 (?) . .
30-23 106 3-24 1-05 64-44
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Mercurial Ointment, Unguentum hydrargyri.—Mercury mixed

with lead and suet, all three in equal weights; therefore it

should contain 33-3 per cent, of mercury.

Compound Mercury Ointment, Unguentum hydrargyri com-

positum.—Made with ointment of mercury, yellow wax, olive

oil, and camphor; it should contain 14-3 per cent. Hg, and

ll'll per cent, of camphor.
Liniment of Mercury, Linimentum hydrargyri, is made of mer-

curial ointment, solution of ammonia, and liniment of camphor

;

it may contain about 10 per cent, of mercury.

Mercurial Supjjositories, Suppositoria hydrargyri, composed of

ointment of mercury, benzoated lard, white wax, and oil of

theobroma. It should contain about ll'll per cent, of Hg, and
each suppository should weigh 15 grains.

A cetate of Mercury, Mercurous acetate, is not contained in the

B.P., but is officinal on the Continent. It is a salt occurring

in white micaceous scales, soluble in 133 parts of cold water,

giving the reactions of acetic acid and mercury, and very readily

decomposed.
Mercuric Ethyl Chloride, Hydrargyrum cethylo-chloratum, is used

as a medicine on the Continent. It occurs in white, glittering,

crystalline scales, which take on pi'essure a metallic appearance,
and possess a peculiar ethereal odour; it is but little soluble in
water and ether, with difficulty in cold alcohol, but copiously
soluble on boiling, and depositing crystals on cooling. It sub-
limes at about 40° without residue; on quick heating it burns
with a weak flame, developing a vapour of metallic taste and
unpleasant odour. It gives no precipitate with silver nitrate,

nor with albumen.
Corrosive Sublimate, Mercuric chloride, HgCl2 = 271; Hg 73-8

per cent., 01 26-1 per cent. In commerce this salt occurs in
transparent, heavy, colourless masses, which have a crystalline
fracture; if placed in the subliming cell described at p. 242, it

sublimes at about 82-2° (180°F.), and melts at higher tempera-
I tures. The sublimate is generally in groups of plates drawn to
a point at both ends, in crystalline needles, or in octahedra with
a rectangular base. It dissolves in 16 parts of cold water and

i about 3 of boiling, and is very soluble in solutions of the
: alkaline chlorides ; it dissolves also in ether, and can be, to a
great extent, withdrawn from aqueous solutions by this agent.
Alcohol dissolves nearly one-third its weight of the salt, and its
own weight when boiling. It combines with albumen; gives
when in solution, a precipitate of mercuric oxide, when tested with
solution of potash; a white precipitate with ammonia; a scarlet
with iodide of potassium; and a black precipitate of finely divided
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mercury with protochloride of tin. If a crystal (when placed

in the subliming cell) gives a crystalline sublimate at about the

temperature mentioned, and this sublimate becomes of a red

colour when treated with a droplet of iodide of potassium, it can

be no other substance than corrosive sublimate.

Solution of Perchloride of Mercury, Liquor hydrargyri per-

chloridi, is simply 10 grains of perchloride of mercury and

chloride of ammonium in a pint of water; 100 cc. therefore

should contain -114 grm. corrosive sublimate. I

Yellow Murcurial Lotion, Lotio hydrargyriJIava.—'FeTchlonde

of mercury 18 grains, mixed with 1 ounce of solution of lime.

Calomel,* Hydrargyri subchloridum. — The properties of

calomel have been already described. It sometimes contains as

an impurity corrosive sublimate, which may be dissolved out by

ether. Carbonate of lead, sulphate, and carbonate of baryta,

<rum, and starch, are the usual adulterants mentioned. If on

the application of heat calomel entirely sublimes, it must be fi-ee

from the substances enumerated.

Black Mercurial Lotion, Lotio hydra/rgyri mgrra.—Calomel dO

trains, mixed with 10 fluid ounces of lime-water.
^
Compound Pill of StibcJdoride of Mercury.—Cslomel and sul-

phurated antimony, each 1 ounce, guiac resm 2 ounces, castor-

oil 1 fluid ounce. 1 grain (-0648 grm.) of calomel, and the

same quantity of antimony sulphide, are contained m every 5

<Trains (-324 grm.) of the pill mass—i.e., calomel 20 per cent.

"
Ointment of Subchloride of Mercury, Unguentum hydrargyri mb-

chloridi.—Calomel mixed with lard
;
strength ^^o^^^^^'^P^^,'^^'':-

White Precipitate, Hydrargyrum ammoniatum, is HoHgCl.—

A

wHte, heavy powder, subliming by heat without residue, and

insoluble in water, alcohol, and ether. With soda, it yie ds a

metallic subHmate. When boiled with potash, ammonia is evolved,

the vellow oxide of mercury formed, and chloride of potassium

passes into solution. It should contain 79-5 per cent, of mercury.

The fusible white precipitate of the pharmacoposia ot tne

Netherlands does not appear to be of constant composition,

varying between 69-4 to 65-6 per cent, of mercury.T It mel^
on heating, and leaves as a residue chloride of sodium ^

Commercial white precipitate is frequently adulterated; Bam^

has found carbonates of lead and lime, the latter to the extent

nearly 2 per cent.J Calomel, according to Nickles,§ has been

* It would appear that in America a cosmetic is in nse consisting of calom^

inixed into a paste with water.- F«Ze " A Dangerous Cosmetic, by C. tu

Piesse. AfMlyst [25], 1878, p. 241.
_

t Hirsch, ''Die Frufung der ArzeneimiUei.

1 Proceed. Brit. Pharm. Coif., 1SC7, p. 10.
...

IJourn. Pharm. ct Chim., le S<5rie, 1858, vol. vnj., p. o99.
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substituted for white precipitate, but this was several years ago.

The methods for detection are obvious.

Ointment of Amvioniated Mercury, Ungtientum hydrargyri

ammoniati.—62 grains of the substance mixed with an ounce of

simple ointment.

Red Iodide of Mercury, Hydrargyrum iodidum ruhrum, Hglg.

—

A crystalline powder of a scarlet colour, becoming yellow on
gentle heating. It is very insoluble in water, one part requiring

from 6000 to 7000 parts; soluble in 130 parts of cold, 150 of

hot alcohol ; and dissolving freely in ether, or in aqueous solu-

tion of iodide of potassium.

Ointment of Med Iodide of Mercury, TJnguentum hydrargyri
iodidi rubri.—16 grains of the substance mixed with an ounce
of simple ointment.

Green Iodide of Mercury, Hydrargyri iodidum, viride, Hgl.

—

A dingy, greenish-yellow powder, darkening on exposure to light,

and easily decomposed into the red iodide.

Bed Oxide of Mercury, Hydrargyri oxidum rubrum, HgO = 216

;

Hg 92-12 percent.; specific gravity, 11 to 11-3—small, red, shining,

crystalline scales, very insoluble in water, requiring about 20,000
parts; entirely soluble in hydrochloric acid. By a heat below
redness it may be volatilised, and at the same time decomposed
into mercury and oxygen. Its principal impurity is nitric acid,
readily detected by the usual tests, or by heating in a test-tube,
when, if nitric acid is present, orange vapours will be evolved.
Fixed red powders (such as brick-dust and minium) are detected
by being left as a residue, after the application of heat sufficient
to volatilise the mercury.

Sulphate of Mercury.—A white crystalline powder ,decomposed
by water into the very insoluble basic salt of mercury, known as
Turhith mineral, HgS0^2HgO.

Turbith, or Turpetli, Mineral, is contained in the French phar-
macopoeia, HgS042HgO; Hg 824 per cent.; specific gravity 8-319.
It requires for solution 2000 parts of cold, and 600 of boiling
water; but dissolves with tolerable ease in hydrochloric acid.

The Sulphide of Mercury, known in commerce under the
name of Ethiops mineral, is officinal in France, the Netherlands,
and Germany. Its properties have been already described. The
German and Dutch pharmacoposias require in it 50, the French
only 33^ per cent, of metallic mercury.

_
Hahneman's SohobleMercury, Hydrargyrum solubileHahnemanni,

IS officinal in the Dutch pharmacopoeia. As found in commerce
it contains metallic mercury, nitric acid, and ammonia. The
mercury should be in the proportion of 86-33 per cent., the
ammonia 2-44 per cent.
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, Crystallised Nitrate of Mercury, Hydrargyrum niiricum oxidu-

lat^um, is officinal in the pharmacopoeias of Germany, Switzerland,

and France. The salt is in white crystals, giving the reactions

of nitric acid and mercury, decomposed by the addition of water,

but fully soluble in water, if first moistened with nitric acid.

The formula of the neutral salt is Hg2N03Hg02H20, which

requires 69-4 per cent, of mercury.

An Ointment of Nitrate of Mercury, UngiLcntum hydrargyri

nitratis, is contained in the B.P. ; it is made with 4 parts of

mercury, nitric acid 12, lard 15, olive oil 32.

A Chloride of Mercury and Quinine exists in commerce, pre-

pared by mixing 1 part of corrosive sublimate in solution

with 3 parts of quinine chloride, evaporating, and crystal-

lising.

Cyanide of Mercury, HgCy, is contained in the French phar-

macopojia. It occurs in small, colourless, prismatic crystals, easily

soluble in water. If to the solution chloride of tin be added,

a black precipitate of reduced metal and stannous oxide is

thrown down, and the odour of prussic acid is developed.

Mercuric Sulphide, Sulphide of Mercury, Ginnahar, Vermilion, h

officinal in Germany, the Netherlands, and France; HgS = 232;

specific gravity, solid, 8-2; Hg 86-21 per cent., O 13;79 per cent

For medicinal purposes it is made artificially. It is a beautiful

red powder, insoluble in all alkaline and all acid liquids, with

the exception of aqua regia. The solution gives the reactions

of a sulphide and mercury. On heating, it must burn away

entirely without residue; adulterations or impurities are-

minium, lead, copper, and other metals. The detection ot

minium is conveniently executed in the dry way. Pure ciiina-

bar, when heated in a matrass, gives a black sublimate, w uch

becomes red on friction. If minium is present, sulphide ot lead

remains as a residue, and may be recognised on coal; the same

remark applies to sulphide of antimony. If it be desired to take

the percentage of mercury in cinnabar, equal parts ot oxalate

and cyanide of potassium should be well mixed ^itl^^he cinna-

bar, and heated in the bent tube described at p. 61b; by tms

means the whole of the metallic mercury is readily obtained.

S 727. 3Iercury in the Arts.—The use of mercury in the arts is

so extensive, that any one in analytical practice is almost certain

Dr. Sutro has published a case (quoted by Taylor), i°
^'^i-^V.^'aXdii^

vermilion, applied externally, produced poisonous symptoms; '^^^^
to Polak, the Persians inhale it medicinally, smokmg it

f '"^^
catechu, mucilage, &c., the only bad effect being an occasional stomatitis.

Eulenberg: " Oewerbe Jli/'jiUne," 741.
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occasionally to meet with cases of accidental poisoning, either

from the vapour * or some of its combinations.

Quicksilver is used in the extraction of gold, the silvering of

mirrors, the construction of barometers, and various scientific

instruments and appliances ; also for the preservation of insects,

and occasionally for their destruction.f An alloy with zinc and
cadmium is employed by dentists for stopping teeth; but there

is no evidence that it has been at all injurious, the mercury,
probably, being in too powerful a state of combination to be
attacked by the fluids in the mouth. J Cinnabar has also been
employed to give a red colour to confections, and it may be found
in tapers, cigarette papers, and other coloured articles. The
nitrate of mercury in solution finds application in the colouring
of horn, in the etching of metals, in the colouring of the finer

sorts of wool, and in the hat manufacture.
The sulphocyanide of mercury gives, when burnt, a most

abundant ash, a fact utilised in the toy known as Pharaoh's
serpent; the products of combustion are mercurial vapours and
sulphurous anhydride. That the substance itself is poisonous, is

evident from the following experiment:— -5 grm. was given to
a pigeon without immediate result; but ten hours afterwards it

was indisposed, refused its food, and in forty hours died without
convulsions. §
Acid Solution of Nitrate of Merctiry, Liquor hydrargyri nitratis

acidus, a colourless, strongly acid liquid, giving the reactions for
nitric acid and mercury; specific gravity, 2-246.

§ 728. The more Common Patent and Quack Medicioies containing
Mercury.

Mordant's Norton's Drojos.—This patent medicine is a mixture
of the tincture of gentian and ginger, holding in solution a little
bichloride of mercury, and coloured with cochineal.

* A singular case is cited by Tardieu (Etude mid.-Ugal sur I'Empoi-
8on7iemeM), in which a man, supposing he had some minerals containing
gold, attempted the extraction by amalgamation with mercury. He used a
P°^t^ble furnace (for the purpose of volatilising the mercury) in a small room,
and his wife, who assisted him, suffered from a very well-marked stomatitis
and mercurial eruption.

t
^°^y"*h'"ee persons were salivated from fumigating rooms with mercury

+ -M-^
P^Tose of destroying bugs (Sonnenschein's Handbuch, p. 96).

+ More danger is to be apprehended from the vulcanised rubber for artificial
teeth; and, according to Dr. Taylor, accidents have occurred from the useof such supports or plates.

§ Eulenberg, Op. cit., p. 742.
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Solomon's Anti-impetigines is a solution of bichloride of mercury,

flavoured and coloured.

Poor Man's Friend.—An ointment of nitrate of mercury.

Brown's Lozenges.—Each lozenge contains J grain of calomel,

and 31 grains of resinous extract of jalap; the rest is white sugar

and tragacanth.

Ghing's Worm Lozenges.—^Each lozenge contains 1 grain of

calomel; the rest white sugar and tragacanth, with safiron as a

colouring matter.

Storey's Worm (7aA;es.—Each cake 2 grains of calomel, 2 grams

of cinnabar, 6 grains of jalap, 5 grains of ginger, and the remam-

der sugar and water.

Wright's Pearl Ointment is said to be made up of 8 ounces of

white precipitate rubbed to a cream in 1 pint of Goulard's

extract, and to the mixture is added 7 pounds of white wax and

10 pounds of olive oil.

Keyser's Pills.—The receipt for these piUs is—red oxide ot

mercury 1^ ounce, distilled vinegar (dilute acetic acid) 1 pint;

dissolve, add to the resulting solution manna 2 lbs., and triturate

for a long time before the fire, until a proper consistence is

attained; lastly, divide the mass into pills of li grain each.

Mitchell's Pills.—EsiGh pill contains aloes -S grain, rhubarb i'b

grain, calomel -16 grain, tartar emetic -05 grain.

Many AntiUlious Pills will be found to contain calomel, a lew

mercury in a finely divided state.
.

§ 729. Mercury in Veterinary Medicine.—Farmers, and larriers

use the ointment {blue ointment) to a dangerous extent, as a

dressing for the fly, and wholesale poisoning of sheep has beea

in several instances the consequence.* Ethiops mineral and

Turpeth mineral are given to dogs when aftected by the dis-

temper, worms, or the mange. Mercury, however, is not ve^

frequently given to cattle by veterinary surgeons, ruminants

generally appearing rather susceptible to its poisonous eflects

^nO. Medicinal and Fatal Dose-Horses.—Gnm^h^v 14-2 grm&

(J oz.), calomel 14-2 grms. (1 oz.) or
' ^'P^^^^^^.^^^J^^^^^^^

•13 to -38 grm. (2 to 6 grains), and as much as 1-3 grm. (20 giains)

have been given in farcy. o Jvm^'i
Ca«Ze.-Mercury with chalk 3-8 to 11-6 grms. (1 to 3_drm

calomel 3-8 to 7-7 grms. (1 to 2 drms.); m worms, -Go to 1^

grm. (10 to 20 drms.) as an alterative; Ethiops mineral, 7 /
to

15-5 grms. (2 to 4 drms.).

* Twenty-five tons of blue ointment are said to Lave been sold to fanne«

by a druggist in Boston, Lincolnshire, in the course of a single year.

Taylor's "Medical Jui-isprudence," vol. i., p. ii<9.

I
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X>o(7s.—Ethiops or Turpeth mineral -13 to 1-3 grm. (2 to 20

grains), according to the size.

Foiols.—Mercury and chalk are given in fractions of a gram.

Hogs are also treated with mercury and chalk; the dose usually

given does not exceed -32 grm. (5 grains).

It may be remarked that many of the doses quoted appear

very large; the writer cannot but consider that 20 grains of

corrosive sublimate administered to a horse would be more

likely to kill the animal than to cure the disease.

Man.—Corrosive sublimate has been fatal in a dose so small

as -19 grm. (3 grains); white precipitate has caused dangerous

symptoms in doses of from 1-9 to 2-6 grm. (30 to 40 grains) ; the

cyanide of mercury has killed a person in a dose of -64 grm.

(10 grains)

—

Christison; and Turpeth mineral has proved fatal

in doses of 2-6 grms. (40 grains).

Other preparations of mercury have also been fatal, but a

doubt has existed as to the precise quantity. Sometimes, also,

there is probably a chemical change in the substance, so that it

is impossible to state the fatal dose. For example, it is well

known that calomel, under the influence of alkaline chlorides,

can be converted into the bichloride—a fact which probably

explains the extensive corrosive lesions that have been found

after death from large doses of calomel.

§ 731. Poisoning by Mercury—Statistics.—In the Registrar-

General's death returns for the five years ending 1880, it appears

that in England the deaths from mercurial poisoning* were 22

males, 15 females; total 37, or about 2-3 per cent, of the total

deaths from every kind of poison. Three were children, the rest

adults; 17 or 46 per cent, of the cases were suicidal.

The effects of the different compounds of mercury may be
divided into two groups, viz.—(1) Those caused by the finely

divided metal and the non-corrosive compounds; (2) the effects

caused by the corrosive compounds.

, § 732. (1.) Effects of Mercurial Vapour, and of the Non-Corrosive

Compounds of Mercury.

(ft) Vegetable Life.—Priestly and Boussingault have shown that

I

plants under a glass-shade in which mercury is exposed in a
saucer, first exhibit black spots on the leaves

;
ultimately, the

latter blacken entirely, and the plants die.

(6) Animal Life.—Mercury in the form of vapour is fatal to

* The deaths are registered under the term "3Iercui'y" but the majority
are poisonings by " Corrosive Sublimate."
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animal life, but it is only by repeated and intense application.

Eulenberg* placed a rabbit under a large glass-shade, and for

four days exposed it daily for two hours to the volatilisation of

2 grms. of mercury on warm sand ; on the sixth and seventh day

1-5 grm. were volatilised. On the fifteenth day there was no

apparent change in the aspect of the animal ; 5 grms. of mercury

were then heated in a retort, and the vapour blown in at

intervals of ten minutes. Fourteen days afterwards the gums

were reddened and swollen, and the appetite lost; the con-

junctiviB were also somewhat inflamed. The following day

"these symptoms disappeared, and the animal remained well.

In another experiment 20 grms. of mercury were volatilised,

and a rabbit exposed to the vapour under a small glass-shade.

The following day the conjunctivis Avere moist and reddened;

two days afterwards 10 grms. of mercury were volatilised ia

the same way; and in two days' interval other 10 grms. were

volatilised in three-quarters of an hour. There was no striking

change noticeable in the condition of the animal, but within

forty-eight hours it was found dead. The cause of death proved

to be an extravasation of blood at the base of the brain. The

bronchia were reddened throughout, and the lungs congested.

Mercury, as with man, is also readily absorbed by the broken

or unbroken skin ; hence thousands of sheep have been poisoned

by the excessive and ignorant external application of mercurial

ointment as a remedy against the attacks of the fly. The sheep

become emaciated, refuse food, and seem to be in pain, breathmg

with short quick gasps.
.

In experiments on rabbits, dogs, and warm-blooded animals

generally, salivation and stomatitis are found to occur as regularly

as in man; so also in both paralytic and other nervous affections

have been recorded.

§ 733. (c) Effects on Man.—In 1810 f an extraordinary acci-

dent produced, perhaps, the largest wholesale poisoning by

mercurial vapour on record. The account of this is as follows:

_H M.S. Triumph, of seventy-four guns, arrived in the liarbour

of Cadiz in the month of February, 1810 ;
and in the foUowmg

March, a Spanish vessel, laden with mercury for the boutn

American mines, having been driven on shore m a gale,

wrecked. The Triumph saved by her boats 130 tons ot the mer-

cury, and this was stowed on board. The mercury was first con-

fined in bladders, the bladders again were enclosed in siiiaiL

barrels, and the barrels in boxes. The heat of the weather,

t Scotmfof the effect of mercurial vapours on the crew of His

Majesty's Sliip Trmmph, in the year mO.-Pltd. Tram. 113, 182J.
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however, was at this time considerable; and the bladders, having

been wetted in the removal from the wreck, soon rotted, and

mercury, to the amount of several tons, was speedily diffused as-

vapour through the ship, mixing more or less with the bread,

and the other provisions. In three weeks 200 men were affected

with ptyalism, ulceration of the mouth, partial paralysis, and,

in many instances, with diarrhoea. The Triumph was now
ordered to Gibraltar, the provisions were removed, and efforts

were made to cleanse the vessel. On restowing the hold, every

man so employed was salivated. The effects noted were not

confined to the officers and ship's company ; for almost all the
stock died from the fumes—mice, cats, a dog, and even a canary
bird shared the same fate, though the food of the latter was
kept in a bottle closely corked up. The vapour was very
deleterious to those having any tendency to pulmonic affections.

Three men, who had never complained before they were
saturated with mercury, died of phthisis; one, who had not
had any pulmonic complaint, was left behind at Gibraltar, where
his illness developed into a confirmed phthisis. Two died from
gangrene of the cheeks and tongue. A woman, confined to bed
with a fractured limb, lost two of her teeth ; and many exfolia-

tions of the jaw took place.

Accidents from the vapour of mercury, quite independently
of its applications in the arts, have also occurred, some of them
under curious circumstances; such, for example, is the case
mentioned in the footnote to p. 60.3. Witness, again, a case
mentioned by Seidel,* in which a female, on the advice of an
old woman, inhaled for some affection or other 2 "5 grms. of
mercury poured on red-hot coals, and died in ten days with all
the symptoms of mercurial poisoning.
The metal taken in bulk into the stomach has been considered

non-poisonous, and, probably, when perfectly pure, it is so; we
have, however, the case of a girl who swallowed 4^ oz. by weight
of the liquid metal, for the purpose of procuring abortion—this
it did not effect; but, in a few days, she suffered from a trembling
and shaking of the body and loss of muscular power. These
symptoms continued for two months, but there was no salivation
and no blue marks on the gums. This case is a rare one, and
a pound or more has been taken without injury.

§ 734. Mercury in a finely divided form, rubbed into the skin,
IS absorbed and all the effects of mercurialism result. This
method of administering mercury for medicinal purposes has
long been in use, but, when the inunction is excessive, death may

* Maschka's Handbuch, Bd. ii., 295,
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occur. Thus, Leiblinger records a case in which three persons j

were found dead in bed; the day before they had rubbed into

the body, for the purpose of curing the itch, a salve containing

270 grms. of mercury finely divided.

It is difficult to say in what proportion workers m mercury,

such as water-gilders, &c., suffer. According to Hirt, not only

do 1-5 to 2-1 per cent, of the workmen employed m smeltmg

mercury ores suffer acutely, but as high a proportion as 8-7 per

cent, are slightly affected.

8 735 The symptoms of poisoning by mercury vapour, or by

the finely divided metal, are the same as those which arise from

the corrosive salts, with the exception of the local action. In

mild cases there is pallor, languor, and sore mouth (from shghtly

inflamed gums), foetid breath, and disorder of the digestive

organs. If the action is more intense, there is an inflammation

of the gums and, indeed, of the whole mouth, and salivation

which is sometimes so profuse that as much as two gaUons ot

saUva have been secreted daily. The- saliva is alkaline, has a

bad odour, and its specific gravity in the early stages is increased

;

but ultimately becomes normal on certain places—the gums are

raised into slight swellings, which gi-adually enlarge and coalesce

The teeth that are already carious, decay more rapidly; they

become loose, and some may be ; the inflammatory ac^^^^^^

may extend to the jaw, and necrosis of portions of the bone is

no unusual occurrence. On recovery, the cheeks ^o^^^^imes form

adhesions with the gums, and cicatrices always mark
^^^^^^^^

substance which such an affection entail. With the stomatite

Sere are disturbances of the gastro-intestinal traf-^JI^^f
vomiting, pain in the stomach, and diarrhoea alternating ^vxth

oonstipatioL Conjunctivitis is very -o^-->^,
^^f]^^^^^^

animals, from exposure to ^^^cury vapours^ The furthe^^^^^^^^

of the metal is shown in its profound effects on the nervoi^^

system. The patient is changed in his disposition he is ex

^fAble nervous, or torpid; there are sleeplessness and baa

dretms, at the same time'he^dache, noises in the ears, giddiness.

'"f Mercurial tremor* may follow, or accompany the above-

* A case of mercurial tremor (ia Bericht dcs K. K ^^^^!l^:^^fZo
hamcszu Wil hnJahre, 1872, Wic, 1873), "1^,^^^^^^^^

Muence of pregnancy. A ^"^.^''^J^''^^^^^Z^^^n^ a three

barometers had, in 1869, mercurial t^7°^,^\^^^;:i^;'^^^^^^^^ had

months' pregnancy the tremor
^^^^^f

' ^^^V^^^a^^^^^^

aborted. Slie ag^u beo.une pi|gnant an^^^^^^^^

SSTol'not^S^s^^^
ment with galvanism and other remedies, she recovered.
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state, or it may be the chief and most prominent effect. It

specially affects the arms, partly withdrawing the muscles from
the control of the will, so that a person affected with mei'curial

tremor is incapacitated for following any occupation, especially

those requiring a delicate and steady touch. In cases seriously

affected, the tremor spreads gradually to the feet and legs, and
finally the whole body may be invaded. The patient is no
longer master of his muscles—the muscular system is in anarchy,
each muscle aimlessly contracting and relaxing independently
of the rest—the movement of the legs becomes uncertain,
speech stuttering, the facial expressions are even distorted into
grimaces, and the sufferer sinks into a piteous state of helpless-
ness. The convulsive movements generally cease during sleep.

The tremors are accompanied by interference with the func-
tions of other organs : the respiration is weakened and difficult;

dyspnoea, or an asthmatic condition results; the pulse is small
and slow; paresis, deepening into paralysis of the extremities, or
of a group of muscles, follows

;
and, lastly, if the condition is not

alleviated, the patient becomes much emaciated and sinks from
exhaustion. Pregnant women are liable to abortion, and the
living infants of women suffering from tremor have also ex-
hibited tremor of the limbs.

In the case of the "mass poisoning" on board the Triumph,
it has been mentioned that several of the sailors became con-
sumptive, and the same effect has been noticed among all workers
in the metal; it is now, indeed, an accepted fact that the cachexia
mduced by mercurialismus, produces a weak habit of body
specially liable to the tuberculous infection.
The course of the poisoning is generally more rapid when it

has resulted from the taking of mercury internally as a medicine
than when inhaled by workers in the metal

—

e.g., a patient
suffering from mercurial tremor shown to the Medical Society
by Mr. Spencer Watson in 1872, had resisted for seven years
the influence of the fumes of mercury; and then succumbed,
exhibiting the usual symptoms. Idiosyncrasy plays a consider-
able rCle; some persons (and especially those whose kidneys are
diseased) bear small doses of mercury ill, and are readily sali-
vated or affected; this is evidently due to imperfect elimination

§ 737. Mercuric Methide — B.g{OH ^.— This compound is
Obtained by the action of methyl iodide on sodium amalgam

I.- t P^^^^'^^® of acetic ether. It is a dense, stable liquid
oi highly poisonous properties. In 1865, mercuric methidem course of preparation in a London laboratory, caused two
cases of very serious slow poisoning.* One was that of a

* St. Barth. Heap. Eeports, vol. i., 1866, p. 141.

39
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German, aged thirty, who was engaged in preparing this com-

pound for three months, and during this time his sight and

hearing became impaired; he was very weak, his gums were

sore, and he was ultimately admitted into St. Bartholomew's

Hospital, February 3rd, 1865. His urine was found to be

albuminous, and his mental faculties very torpid. On the ninth

he became noisy, and had to be put under mechanical restrarat.
,

On the tenth he was semi-comatose, but there was no paralysis;

his breath was very offensive, his pupils dilated; at intervals

^ raised himself and uttered incoherent howls. There was

neither sensation nor motion in the left leg, which was extended

rigidly; the knee and the foot were turned slightly inward.

On the fourteenth he died insensible.

The only appearance of note seen at the autopsy was a con-

jestion of the grey matter in the brain; the kidneys and liver

were also congested, and there were ecchymoses in the kidneys.

The second case—a young man, aged twenty-three, working m
the same laboratory, was admitted into the Hospital, March 28th,

1865. In the previous January he had been exposed to the

vapour of mercuric methide for about a fortnight; during the

illness of the other assistant he felt ill and weak, and complamed

of soreness of the gums and looseness of the teeth. He had also

dimness of vision, pain and redness of the eyes, giddiness,

nausea and vomiting—the ejected matters being greenish and

watery. At the beginning of March his sight and taste became

imperfect—all things tasted alike; his tongue was numb and

<rums sore, he was also salivated slightly. A week before

admission he lost his hearing, and first his hands and then his

feet became numb; on admission his breath was very oliensive

his pupils dilated; the sight impaired; he was very deaf and

his powers of speech, taste, and smell were deficient ihere

was anesthesia of the body, and the movement of the bmbs

was sluggish and difficult. He continued m the ^osp^tf/
J°^

nearly a month, with but little change. April S^l^t ^^fs

noticed that he was getting thinner and shghtly jaundiced he

moved his arms aimlessly in an idiotic manner, and Passed ms

urine involuntarily. On April 27th he was more restles and

even violent, shrieking out and making a loud, incoherent noise,

oriaughing foolishly; lie passed his motions and ^mebeiioa t

him On July 7th he was in a similar state-perfectly idiotia

He died on April 7th, 1866, about a J-r and three moi^^^^^^

from his first exposure to the vapour; the immediate cause d

death was pneumonia. The post-mortem appearances of tje

SL and membranes differed little ^-om t\.e norv.^J^^^^^^^^^

crrey matter was pink, but otherwise healthy; there ^vas
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considerable amount of cerebro-spinal fluid; the arachnoid along

the longitudinal fissure was thickened; the total weight of the

brain with medulla was 41 oas. The stomach was of enormous
size; the pyramids of the kidneys were congested, as was also

the small intestine; the lungs showed the usual signs of pneu-
monia.*

§ 738. Effects of the Corrosive Salts of Mercury.—The type of

the corrosive salts is mercuric chloride, or corrosive sublimate—

a

compound which acts violently when administered, either

ternally or internally, in large doses.t If the poison has l^^n
swallowed, the symptoms come on almost immediately, and
always within the first half hour; the whole duration also is rapid.

In thii'ty-six cases collected by F. A. Falck, eleven died on the
first or second day, and eleven on the fifth day; so that 61 per
cent, died in five days—the remainder lived from six to twenty-
sis days. The shortest fatal case on record is one communicated
to Dr. Taylor by Mr. Welch—in this instance the man died from
an unknown quantity within half-an-hour.

In the very act of swallowing, a strong metallic taste and a pain-
ful sensation of constriction in the throat are experienced. There
is a burning heat in the throat extending downwards to the
stomach. All the mucous membranes with which the solution
comes in contact are attacked, shrivelled and whitened; so that,
on looking into the mouth, the appearance has been described as
similar to that produced by the recent application of silver
nitrate. The local changes may be so intense as to cause oedema
of the glottis, and death through asphyxia. In a few minutes
violent pain is felt in the stomach; so much so, that the sufierer
is drawn together, and is in a fainting condition; but there are
rare cases in which pain has been absent. There are nausea
and vomiting—the ejected matters being often streaked with
Ijlood; after the vomiting there is purging; here also the
motions are frequently bloody. J The temperature of the body
sinks, the respiration is difficult, and the pulse small, frequent,
and irregular. The urine is generally scanty, and sometimes

* St. Barth. Hosp. Reports, vol. ii., p. 211.
+ The effects on animals are similar to those on man. Richard Mead

t-^^^
^"^^^^ ^'^ grains) of corrosive sublimate:—

VVithm a quarter of an hour he fell into terrible convulsions, casting up
frequently a viscid frothy mucous, every time more and more bloody, till,
tired and spent with this hard service, he lay down quietly, as it Were to
sleep, but died the next morning."
. + The mixture of blood with the evacuations is more constantly observed
|^_^P°'sonmg by corrosive sublimate than in poisoning by arsenic, copper, or
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completely suppressed.* Sometimes there is profuse lijemorrhage

from the bowel, stomach, or other mucous membrane, and such

cases are accompanied by a considerable diminution of tempera-

ture. In a case recorded by L(Bwy,t after a loss of blood by

vomiting and diarrhoea, the temperature sank to 33 4 ihe

patient dies in a state of collapse, or insensibility, and death is

often preceded by convulsions.

S 739 Two remarkable cases of death from the external use

of corrosive sublimate are recorded by Anderseck. An ointment,

containing corrosive sublimate, was rubbed mto the skm of two

S-servants, in order to cure the itch. The one, during the

inunction, complained of a burning of the skin; the other also, a

little while after, suffered in the same way. During the night

the skin of each swelled, reddened, and became acutely painful.

There were thirst and vomiting, but no diarrhcea On the

following day there was an eruption of blebs or little blisters.

On the third day they had diarrhoea, tenesmus, fever, and dinu-

nut^i of the rLal secretion; on the fourth day fcBtid breath

stomatitis, hyperesthesia of the body, and - ^-hng °f i pig

and needles "in the hands and feet were noted.. The tu-st girl

d"d S the middle of the fifth day fully conscious; the other

d ed on the sixth. So also Taylor t gives the case of a gn-l^

Ted nine, who died from the effects of an alcohohc solution of

corroSve subUmate (strength, 80 grains to the ounce) applied to

Te scalp as a remedy for rfngworm. The same author §
further

nuotes the case of two brothers who died-the one on the fifth,

r :ther on the eleventh day, from the effects of absorbing

corrosive sublimate through the unbroken skm

S 740. The Nitrates of Mercury are poisons but little (if at aU)

inferior in corrosive action to mercuric chloride. I>eath has

resulted from both the external and internal use. Applicat on of

nitrate as an escharotic to the os uteri, m one case,|| pro-

duced all the symptoms of mercurial poisoning but the woman
ducecl an ^''^J V liniment caused death.

WheTl" the. symptoms are scar^ly

diffe ent from those produced, by corrosive
--^I'T^-^^l'^^^i

an unlikely vehicle for criminal poisoning, >et, in the case

v.,7T)r Weseler (Casper's IFoc/teJWc/M-i/?, January 10.

\ p'o^nsl" 18&, P 394.

II
Med. Gazette, vol. 45, p. 1,025.

H Min. Monthly Journal, 1864, p. lo/.
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Eeg. V. E. Smith (Leicester Summer Assizes, 1857), a girl was
proved to have put a solution of nitrate of mercury in some
chamomile tea, which had been prescribed for the prosecutrix.

The nauseous taste prevented a fatal dose being taken; but the

symptoms were serious.

§ 742. Mercuric Cyanide acts in a manner very similar to that

of corrosive sublimate, 1-3 grm. (about 20 grains), in one case,*

and in another,! half the quantity having destroyed life.

§ 743. White Precipitate (ammoniated mercury), as a poison, is

weak. Out of fourteen cases collected by Taylor, two only

proved fatal; one of these formed the subject of a trial for

murder, {Reg. v. Moore; Lewes Lent Assizes, 1860). The effects

produced are vomiting, purging, &c., as in corrosive sublimate. J

Other preparations of mercury, such as the red iodide, the
persulphide, and even calomel,§ have all a more or less intense
poisonous action, and have caused serious symptoms and death.

§ 744. Treatment of Acute and Chronic Poisoning.—In acute
poisoning, vomiting usually throws off some of the poison, if it

has been swallowed; and the best treatment seems to be, to
give copious albuminous drinks, such, for example, as the Avhites

of eggs in water, milk, and the like. The vomiting may be
encouraged by subcutaneous injections of apomorphine. The
after-treatment should be directed to eliminating the poison,
which is most safely effected by very copious drinks of distilled
water.

—

\See Appendix.'\

The treatment of slow poisoning is mainly symptomatic;
medicinal doses of zinc phosphide seem to have done good in
mercurial tremors. Potassic iodide is also supposed to assist
the elimination of mercury.

^ 745. Post-mortem Appearances.—The pathological effects seen
after chronic poisoning are too various to be distinctive, but in
acute poisoning (especially by the corrosive salts) the changes
are great and striking. After rapid death from corrosive subli-
mate, the escharotic whitening of the mouth, throat, and gullet,
already described, will be seen. The mucous membrane right
throughout, from mouth to anus, is more or less affected and
destroyed, according to the dose and concentration of the poison.
The usual appearances in the stomach are those of intense
congestion, with ecchymoses, and portions of it may be destroyed.

* Orjila, i,, p. 735. + Christison, p. 427.
+ See Dr. Th. Stevenson, "Poisoning by White Precipitate."—Cmw' 9

JJosjnlal Iteporls, vol. xix., p. 415.
^

§ Seidel quotes a case from Hasselt, in which a father, for tho purnoae
ot obtaining insurance money, killed his child by calomel.



614 POISONS : THEIR EFFECTS AND DETECTION. [§ 746.

Sometimes the coats are very much blackened; this is probably

due to a coating of sulphide of mercury.

In St. Georae's Hospital Museum (Ser. ix., 43. y. 337) there is a stomach,

rather large, with thickened mucous coats, and havmg on the mucous surface

a series of paraUel black, or black-brown Imes of deposit ; it was derived

from a patient who died from taking corrosive sublunate. With the severe

changes mentioned, perforation is rare.* In the intestmes there are found

hvperjBmia, extravasations, loosening of the mucous membrane, and other

changes. The action is particularly mtense about the caecum and sigmoid

flexufe; m one case,t indeed, there was Uttle mflammatory redness of the

stomach or of the greater portion of the mtestine, but the whole surface of

the cascum was of a deep black-red colour, and there were patches of sloughing

in the coats. The kidneys are often swoUen, congested, or inflamed;

changes in the resphatory organs are not constantly seen, but in a majority

of thi cases there have been redness and swelhng of the larj^, trachea, and

bronchi, and sometimes hepatisation of smaller or larger portions of the lung.

In St. George's Hospital Museum, there are (from a patient dymg in the

hospital) preparations which well iUustrate what pathological changes may

be expected in any case surviving for a few days. The patient was Franc,^

L :, aged 45, admitted to the hospital, February 27, 1842. He took a

quantity of corrosive subhmate spread on bread and butter^ was immedmtely

sich, and was unable to take as much as he had intended. The stomach-pump

and other remedies were used. On the following day his ^^o^tJ^J.^^^ fP^^'

and on March 1st his vision was dim; his mouth was drawn over to the right

Se, and he lost power over the left eyelid, but he had no P^^ 5
he pass|d

som^ blood from the bowel. On the 2nd he passed much
Y°°,'i'J^hJSd

vated ; still no pain. On March 4, on the evening of the sixth day, he expured,

he was drowsy during the last day, and passed watery evacuations

Prep 14 a, Ser. ixf shows the phaiynx, cesophagus, and tongue
;
there is.

ulcerat on of the tonsils, and fibriUsexudationonthe guUet Thes^^

Ss b 199) shows a large dark slough, three inches from the cardiac extremity,

£ mafgL surrounding the slough is thickened,

shape, the submucous tissue, to some extent, being ^^^^
tfi^^^^."^^

J
' *S

fibrin^ m the ileum, pharynx, and part of the larynx Jj^^^.^^t^^^in™
to the whole intestine, the rectum m prep. 145 a, 36, is seen to be thickenea,

and has numerous patches of effused tibrme.

It is a curious fact that the external application of corrosive

sublimate causes inflammatory changes in ^^^^^^
alimentary canal

of nearly the same intensity as if the poison had been s^^allowed

Thus, in the case of the two girls mentioned ante (P- 6>)> t^^re

was fUd an intense i-A^mmation of the stomach and mtes^^^^^^^^

the mucous tissues being scarlet-red, swollen, and with numerous

extravasations. . „ .

.

8 746. The efi"ects of the nitrate of mercury are similar to the

Drecedinc- in the few cases which have been recorded, there

Tasten-iniense redness, and inflammation of the Btomach^^^

intestines, with patches of ecchymosis. White precipitate,

There is only one case of perforation on record,

f Lancet, 1845, p. 700.
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cyanide of mercury, mercuric iodide, and mercurous sulphide

(turpeth-mineral), have all caused inflammation, more or less

intense, of the intestinal tract.

§ 747. Elimination of Mercury.—The question of the channels

lay which mercury is eliminated is of the first importance. It

would appear certain that it can exist in the body for some time
in an inactive state, and then, from some change, be carried into

the circulation and show its effects.* Voit considers that mer-
cury combines with the albuminous bodies, separating upon their

oxidation, and then becoming free and active, f
The main channel by which absorbed mercury passes out of

the body is the kidneys, whilst mercurial compounds of small
solubility are in great part excreted by the bowel. A. Bynssen,t
after experimenting with mercuric chloride (giving -015 to -15

grm., with a little morphine hydrochlorate), came to the con-
clusion that it could be detected in the urine about two hours,
and in the saliva about four hours, after its administration;
he considered that the elimination was finished in twenty-four
hours.

From the body of a hound that, in the course of thirty-one
days, took 2-789 grms. of calomel (2-368 Hg) in 87 doses,
about 94 per cent, of the substance was recovered on analysis :

—

Mercurons Sulphide.
In the feeces, ..... 2-1175

„ urine, ..... 0-0550
,, brain, heart, lungs, spleen, pancreas,

kidneys, scrotum, and penis, . 0-0090
liver, ..... 0-0140

,, muscles, . . . . 0-0114

2-2069

This equals 1-9 of metallic mercury. § Thus, of the whole
2-2 grms. of mercuric sulphide separated, over 95 per cent, was
obtained from the fseces.

This case is of considerable interest, for there are recorded in
toxicological treatises a few cases of undoubted mercurial poison-
ing in which no poison had been detected, although Aere was
ample evidence that it had been administered by the mouth.
In such cases, it is probable, that the whole length of the

* Tuson gave a mare, first, 4 grains, and afterwards 5 grains of corrosive
sublimate twice a day; at the end of fourteen days, in a pint of urine nomercury was detected, but at the end of three weeks it was found.

T Voit, Physiol. C'hem. (Inters., Augsburg, 1857.
t Journal de I'Anat. et de Physiol.

, 1872, No. 5, p. 500. On the separationot mercury by the urme, see also Saikowsky in Virohow's Archives 1866
S itiederer, in Buchner's JHeues Reim-t.f. Pharm., Bd. xvii 3 257 1868
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intestinal canal had not been examined, and the analysis failed

from this cause. When (as not unfrequently happens) the mer-

curial poison has entered by the skin, it is evident that the

most likely localities are the urine, the liver, and the kidneys.*

In a case related by Vidal,t the Liquor Bellostii (or solution

of mercuric nitrate) was ordered by mistake instead of a lini-

ment. Although externally applied, it caused salivation, profuse

diarrhoea, and death in nine days. The whole of the intestiiial

tract was found inflamed with extravasations, and mercury

detected in the liver.

In any case of external application, if death ensues directly

from the poison, evidence of its presence will probably be found;

but too much stress must not be laid upon the detection of

mercury, for, as Dr. Taylor says, " ISTothing is more common

than to discover traces of mercury in the stomach, bowels, liver,

kidneys, or other organs of a dead body."J

§ 748. Tests for Mercury.—Mercury, in combination and in

the solid form, is most readily detected by mixing the substance

intimately with dry anhydrous sodic carbonate, transferring the

mixture to a glass tube, sealed at one end, and applying heat

If mercury be present, a ring of minute globules condenses in

the cool part of the tube. If the quantity of mercury is likely

to be very minute, it is best to modify the process by using a

subliming cell (p. 242), and thus obtain the sublimate on a circle

of thin glass in a convenient form for microscopical examination.

If there is any doubt whether the globules are those of mercury

or not, this may be resolved by putting a fragment of iodine on

the lower disc of the subliming cell, and then completing it

by the disc which contains the sublimate (of course, the

supposed mercurial surface must be undermost); on placing the

cell in a warm, light place, after a time the scarlet iodide is

formed and the identification is complete. Similarly, a glass

tube containing an ill-defined metallic ring of mercury can be

sealed or corked up with a crystal of iodine, and, after a few

hours, the yellow iodide, changing to scarlet, will become

apparent. Tliere are few (if any) tests of greater delicacy than

Mercury in solution can be withdrawn by acidulating the

liquid, and then inserting either simply a piece of gold foil, gold

* Very recently a woman died from the effects of a corrosive
^f'^^f^

lotion 'Implied by^ a nuack to a wound in her leg. The .^iterW
^

poison in the stomach, but separated a milligramme of metallic mercury

from the liver; the urine and intestines were not sent.

+ Oaz. des lUp., Juillet, 1864.

+ Taylor, " MedicalJurisprudence,' i., p. 2SS.
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wire, or bright copper foil; or, else, by a galvanic arrangement,

such as iron wire wound round a gold coin, or gold foil attached

to a rod of zinc; or, lastly, by the aid of gold or copper

electrodes in connection with a battery. By any of these

methods, mercury is obtained in the metallic state, and the metal

with its film can be placed in a subliming cell, and globules

deposited and identified, as before described.

The Precipitating Reagents for mercury are numerous: a solu-

tion of stannous chloride, heated with a solution of mercury,
or any combination, whether soluble or insoluble, reduces it to

the metallic state.

Mercurous Salts in solution yield, with potash, soda, or lime,

a black precipitate of mercurous oxide. Mercuric Salts, a bright
yellow precipitate of mercuric oxide.

Mercurous Salts yield black precipitates, with sulphides of
ammonium and hydrogen. Mercuric Salts give a similar reaction,

but, with sulphuretted hydrogen, first a whitish precipitate,

passing slowly through red to black.

Mercurous Salts with solutions of the chlorides give a white
precipitate of calomel; the Mercuric Salts yield no precipitate
under similar circumstances. Mercurous Salts treated with
iodide of potassium give a green mercurous iodide; Mercuric, a
scarlet.

§ 749. The Detection of Mercury in Organic Sithstances and
Fluids.—The galvanic process, previously described, is found in
practice the best. Fluids, such as urine, must be evaporated to
dryness, and then treated with hydrochloric acid. Such organs
as the liver are cut up and dissolved in hydrochloric acid (1 : 4),
and the strained fluid tested by electrolysis. Dr Taylor relates
how by this process distinct evidence of mercury in the liver
was obtained on a piece of copper gauze, in a case where a child
had been given two grains of calomel before death. "Four
ounces of the liver were treated with hydrochloric acid and
water, and a small piece of pure copper placed in the acid liquid
while warm, and kept there for about forty-eight hours. It
acquired a slight silvery lustre, and globules of mercury were
obtained from it by sublimation."

In those cases where no special search is made for mercury,
but an acid (hydrochloric) solution is treated with sulphuretted
hydrogen, mercury is indicated by the presence of a black
precipitate, which does not dissolve in warm nitric acid.
The further treatment of the black sulphide may be under-

taken in two ways :

—

(1.) It is collected on a porcelain dish, with the addition of a
little nitric acid, and evaporated to dryness in order to destroy
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organic matter. Hydrocliloric and a few drops of nitric acid are

next added; the action is aided by a gentle heat, the solution

finally evaporated to dryness on the water-bath, and the residue

taken up by warm distilled water. The solution is that of a
persalt of mercury, and the mercury can be separated by
electrolysis, or indicated by the tests already detailed.

(2.) The other method, and the most satisfactory, is to mix
the sulphide while moist with dry carbonate of soda, make it

into a pellet which will easily enter a reducing or subKmiug
tube, dry it carefully, arid obtain a sublimate of metallic

mercury.
A very neat method for the detection and estimation of

mercury has been suggested by Ludwig :*—3 grms. of zinc dust

are put in the organic liquid, which is then acidified; after

agitation and time to allow all the mercury to be deposited on

the zinc, the zinc dust is washed with water, with potash, and

finally with alcohol and ether. It is dried and put into a

combustion tube; first the zinc dust which has amalgamated

with the mercury, then some asbestos; next some cupric oxide,

and lastly some pure zinc dust—the combustion tube is drawn

out into a thin capillary extremity, and a combustion made,

when the mercury collects in the capillary part.

§ 750. Estimation of Mercury.—All pharmaceutical substances

containing mercury, as well as the sulphide prepared in the wet

way, and minerals, are best dealt with by obtaining and weigh-

ing the metal in the solid state. .
The assay is very simple and

easy when carried out on the method that was first, perhaps,

proposed by Domeyko. A glass tube (which should not be too

thin), closed at one end, is bent, as shown in Fig. 19; the diameter

should be about three lines, the length from seven to eight

inches, the shorter arm not exceeding two inches.
_
The powdered

substance is mixed with two or three times its weight of litharge,

and introduced into the tube at a. The portion of the tube

Fig. 19.

containing the mercury is at first heated gently, but finally

brought to a temperature sufficient to fuse the substance and

soften the glass. The mercury collects in an annular film at 6 m
the cooler limb, and may now, with a little management oi tne

* Zlg. fur Physiol. Chemie., 18S2, vol. i., p. 495.
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lamp, be concentrated in a well-defined ring; the portion of the

tube containing this ring is cut off, weighed, then cleansed from

mercury, and reweighed. Many of the pharmaceutical prepara-

tions do not require litharge, which is specially adapted for ores,

and heating with sodic carbonate (in great excess) will suffice.

Mercury mixed with organic matter must be first separated as

described, by copper or gold, the silvered foil rolled up, dried,

iatroduced into the bent tube, and simply heated without

admixture with any substance; the weight may be obtained

either by weighing the foil before and after the operation, or as

above.

§ 751. Volumetric Processes for the Estimation of Mercury.—
When a great number of mercurial preparations are to be

examined, a volumetric process is extremely convenient. There

are several of these processes, some adapted more particularly

for mercuric, and others for mercurous compounds. For

mercuric, the method of Personne* is the best. The conversion

of the various forms of mercury into corrosive sublimate may be

effected by evaporation with aqua regia, care being taken that

the bath shall not be at a boiling temperature, or there will be

1 a slight loss.

Personne prefers to heat with caustic soda or potash, and then

pass chlorine gas into the mixture; the excess of chlorine is

expelled by boiling, mercuric chloride in presence of an alkaline

chloride not being volatilised at 100°. The standard solutions

required for this process are

—

(1.) 33-2 grms. of potassic iodide in 1 litre of water, 1 cc. =
O-Ol grm. Hg, or 0-01355 grm. HgOla.

(2.) A solution of mercuric chloride containing 13-55 grms. to

the litre, 1 cc. = 0-1 grm. Hg.
The process is founded on the fact that, if a solution of mercuric

chloride be added to one of potassic iodide, in the proportion of

one of the former to four of the latter, mercuric iodide is formed,
and immediately dissolved, until the balance is overstepped,
when the red colour is developed; the final reaction is very sharp,
and with solutions properly made is very accurate. The mercuric
solution must always be added to the alkaline iodide; a reversal
of the process does not answer. It therefore follows that the
solution to be tested must be made up to a definite bulk, and
added to a known quantity of the potassic iodide until the red
colour appears.

Mercurous Salts may be titrated with great accuracy by a
decinormal solution of sodic chloride. This is added to the cold

* Comptes Rcndus, Ivi., 08 ; Sutton's Vol. Anal., 177.
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solution in very slight excess, the calomel filtered ofi", the filtrate.,

neutralised by pure carbonate of soda, and the amount of sodic.

chloride still unused found by titration with nitrate of silver, thai

end reaction being indicated by chromate of potash. Several

other volumetric processes are fully described in works treatingii

upon this branch of analysis.

III.—PRECIPITATED BY HYDRIO SULPHIDE
FROM A NEUTRAL SOLUTION.

ZINC—NICKEL—COBALT.

1. ZINC.

§ 752. Zinc—At. wt., 65: specific gravity, 6-8 to 7-1; fusing

point, 412° (773° F.)—is a hard, bluish-white, brittle metal, with^
crystalline fracture. Between 100° and 150° it becomes ductile,

and may be easily wrought, but at a little higher temperature,

it again becomes brittle, and at a bright red heat it fuses, and

then volatilises, the fumes taking fire when exposed to the air.

In analysis, zinc occurs either as a metallic deposit on a platmum

foil or dish, or as a brittle bead, obtained by reducing a zmc

compound with soda on charcoal.

The salts of zinc to be briefly described here are the carbonate,

the oxide, and the sulphide—all of which are likely to occur in

the separation and estimation of zinc, and the sulphate and

chloride—salts more especially found in commerce, and causing

accidents from time to time.
i

•

„

§ 753. Carbonate of Zinc, in the native form of calamme

contains, as is well known, 64-8 per cent, of oxide of zmc; but

the carbonate obtained in the course of an analysis by precipitat-

ing the neutral hot solution of a soluble salt of zinc by carbonate

of potash or soda, is carbonate of zinc phis a variable quantity oi

hydrated oxide of zinc. Unless the precipitation takes place ^

a boning temperature, the carbonic anhydride retains a portiou

of the oxide of zinc in solution. By ignition of the carbonate,

oxide of zinc results.
, r /^n -7 <jn-94

§ 754. Oxide ofZinc (ZnO = 81; specific gravity, 5-612; Zn

O 19-76) is a white powder when cool, yellow when hot. it nii^



§
755-757.] ZINC. 621

with sufficient powdered sulphur, and ignited in a stream of

hydrogen, the sulphide is produced; if ignited in the pure state

i

in a rapid stream of hydrogen gas, metallic zinc is obtained; but,

i
I if it is only a feeble current, the oxide of zinc becomes crystalline,

a portion only being reduced.

§ 755. Sulphide ofZinc (ZnS = 97; specific gravity, 4-1; Zu 67-pi,

S 32-99).—The sulphide obtained by treating a neutral solution

of a soluble salt of zinc by hydric sulphide, is hydrated sulphide,

insoluble in water, caustic alkalies, and alkaline sulphides, but

dissolving completely in nitric or in' hydrochloric acid. When
dry, it is a white powder, and if ignited contains some oxide of

zinc. The anhydrous sulphide is produced by mixing the pre-

cipitated sulphide with sulphur, and igniting in a crucible in a

stream of hydrogen gas.

Sulphate of Zinc (ZnS0^7H20 161 + 126; specific gravity, crys-

tals, 1-931).—This salt is officinal in all the pharmacopoeias, is used

in calico-printing, and is commonly known as white vitriol. By
varying the temperature at which the crystals are allowed to be

formed, it may be obtained with 6, 5, 2, or 1, atoms of water.

The commercial sulphate is in crystals exactly similar to those

of Epsom salts; it is slightly efflorescent, and gives the reactions

of zinc and sulphuric acid.

§ 756. Chloride ofZinc is obtained by dissolving zinc in hydro-

chloric acid, or by direct union of zinc and chlorine. Chloride

of zinc is the only constituent in the well-known " Burnett's

disinfectant fluid." A solution of chloride of zinc may be heated
until it becomes water-free; when this takes place it still remains

I fluid, and makes a convenient bath, for warmth may be applied

to it above 370° without its emitting fumes to inconvenience;
at a red heat it distils. A concentrated solution of zinco-ammonic
chloride (2H4NClZnCl2) is used for the purpose of removing the
film of oxide from various metals preparatory to soldering.

§ 757. Zinc in the Arts.—The use of zinc as a metal in sheeting
cisterns, articles for domestic use, alloys, &c., is well known.
•Sulphide of zinc has lately been employed as a substitute for

white lead, and may possibly supersede it. Zinc white is further
employed as a pigment, and, mixed with albumen, is an agent in
calico-printing; it is also used in the decoloration of glass, in the
polishing of optical glasses, and in the manufacture of artificial

meerschaum pipes.*

Chromate ofZinc (ZnOrO^) is used in calico-printing, and there
13 also in commerce a basic chromate known as zinc-yellow. Zinc-

* Artificial meerschaum pipes are composed of zinc white, magnesia usta,
1 and caseine ammonium.
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green, or Rinman's green, is a beautiful innocuous colour, formed<

by igniting a mixture of dry zincic and cobaltous carbonates.

The use of zinc vessels in the preparation of foods may occa-i

sionally bring the metal under the notice of the analyst. Whem
exposed to a moist atmosphere, zinc becomes covered with ai

thin film of oxide, perfectly insoluble in ordinary water; but, if:

the water should be charged with common salt, a considerable

quantity may be dissolved. It may generally be laid down as a

rule that the solvent power of water on zinc has a direct relation

to the chlorides present, whilst carbonate of lime greatly dimini-

shes this solubility.*

Milk may become contaminated by zinc; for, it is a matter of 'i

common knowledge, that milk contained in zinc vessels does not '

readily turn sour. This may be explained by the zinc oxide com-

bining -with the lactic acid, and forming the sparingly soluble

lactate of zinc 2(03H5O3)Zn + SHgO, thus withdrawing the lactic

acid as fast as it is formed, preventing the coagulation of the

casein. With regard to this important practical subject, MM.

Payne and Ohevallier made several experiments on the action

of brandy, wine, vinegar, olive oil, soup, milk, &c., and proved

that zinc is acted on by all these, and especially by the alcohoUc,

acetic, and saline liquids. M. Schauffele has repeated these ex-

periments, and determined the amount of zinc dissolved in fifteen

days by different liquids from a galvanised iron as well as a zinc

vessel.

The amount found was as foUows :

—

Brandy, .

Wine,
Orange-flower water

Vinegar, .

Fatty soup,

Weak soup,

Milk,
Salt water,

Seltzer water, .

Distilled water,

Ordinary water,

Olive oil,

The liquid from
the zinc vessel,

grms. per litre.

0-95
3-95
0-50

31-75
0-46
0-86
513
1-75
0-35

traces,

traces,

none.

The liquid from
the galvanised
iron vessel,

grms. per litre.

0-70
4-10
0-75
60-75
1-00
1-76

7-00
0-40

0-30

traces,

traces,

'none.

8 758 Effects of Zinc, as shown by Experiments on AnivxaU.-^

Harnack, in experiments with sodium-zinc oxide pyrophosphate,

* Ziurek, indeed, found in a litre of water ^o^t'-^^^^^
^°?o?4trS. of

less than 1-0104 gi-m. of zinc, and the same water showed only 0
g

common salt to th^ litre. Vierteljahrsschr. fur gerlcht. Median, 1867. Bd. 0,

p. 356.
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has shown that the essential action of zinc salts is to paralyse

the muscles of the body and the heart, and, by thus affecting

the circulation and respiration, to cause death; these main
results have been fully confirmed by Blake, Letheby, and 0.

Ph. Ealck. For rabbits the lethal dose is -08 to '09 grm. of

zinc oxide, or about -04 per kilogrm. The temperature during

acute poisoning sinks notably—according to F. A. Falck's

researches on rabbits, from about 7 "3° to 13-0°. Zinc is eliminated

mainly by the urine, and has been recognised in that fluid four

to five days after the last dose. It has also been separated in
small quantity from the milk and the bile.

§ 759. Effects of Zinc Compounds on Man—(a.) Zinc Oxide.—
The poisonous action of zinc oxide is so weak that it is

almost doubtful whether it should be considered a poison.

Dr. Marcett has given a pound (453-6 grms.) during a month,
in divided doses without injury to a patient afflicted witk
epilepsy; and the workmen in zinc manufactories cover
themselves from head to foot with the dust without very
apparent bad effects. It is not, however, always innocuous, for
Popoff has recorded it as the cause of headache, pain in the head,
cramps in the calves of the legs, nausea, vomiting, and diarrhoea;
and he also obtained zinc from the urine of those suffering in
this manner.* Again, a pharmacy studentf filled a laboratory
with oxide of zinc vapour, and suffered from well-marked and
even serious poisonous symptoms, consisting of pain in the head,
vomiting, and a short fever. It must be remembered that, as
the ordinary zinc of commerce is seldom free from arsenic, and
some samples contain gallium, the presence of these metals may
possibly have a part in the production of the symptoms
described.

§ 760. (b.) Sulphate of Zinc.—Sulphate of zinc has been very
frequently taken by accident or design, but death from it is
rare. The infrequency of fatal result is due, not to any inactivity
of the salt, but rather to its being almost always expelled by
vomiting, which is so constant and regular an effect, that in
doses of 1-3 grm. (20 grains), sulphate of zinc is often relied
upon in poisoning from other substances to quickly expel the
contents of the stomach. In a case reported by Dr. Gibb, an
adult female swallowed 4-33 grms. (67 grains), but no vomiting
occurred, and it had to be induced by other emetics; this case is

* The so-called " zinc fever," has only been noticed in the founding of
brass; it is always preceded by well-marked shivering, the other symptomsbemg similar to those described.

J' i »

t Rust's Magazine, Bd. xxi., § 5G3.
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unique. It is difiSicult to say what would be a fatal dose of zinc

sulphate, but the serious symptoms caused by 28 grms. (1 ounce)
)

in the case of a groom in the service of Dr. Mackenzie, leads to )

the view that, although not fatal in that particular instance, it l

might be in others. The man took it in mistake for Epsom i

salts; a few minutes after he was violently sick and purged, ,

and was excessively prostrated, so that he had to be carried to >

his home; the following day he had cramps in the legs, and felt t

weak, but was otherwise well.

In a criminal case related by Tardieu and Roussin, a large

dose of zinc sulphate, put into soup, caused the death of an adult

• woman of sixty years of age, in about thirty hours.* The-

symptoms were violent purging and vomiting, leading to collapse.

From half of the soup a quantity of zinc oxide, equal to l-Q grm.

of zinc sulphate was separated. Zinc was also found in the

stomach, liver, intestines, and spleen—(see also a case of criminal .

poisoning recorded by Ohevallier).t

§ 761. (c.) Zinc Chloride.—Chloride of zinc is a powerful poison

which may kill by its primary or secondary effects; its local

action as a caustic is mainly to be ascribed to its intense affinity

for water, dehydrating any tissue with which it comes in contact.

The common use of disinfecting fluids containing zinc chloride,

such as Burnett's fluid, leads to more accidents in England than

in any other European country. Of twenty-six cases of poisoning ;

by this agent, twenty-four occurred in England, and only two on

the Continent. Death may follow the external use of zinc

chloride. Some years ago, a quack at Barnstaple, Devon, apphed

zinc chloride to a cancerous breast; the woman died with all

the general symptoms of poisoning by zinc, and that metal was

found in the liver and other organs.
_ .

The symptoms observed in fatal cases of chloride zinc

poisoning are—immediate pain in the throat, and burning of the

lips, tongue, &c. There is difficulty in swallowing, an increase

in the secretion of saliva, vomiting of bloody matters, diarrhcea,

collapse, coma, and death. In some cases, life has been prolonged

for days; but, on the other hand, death has been known to occui

in a few hours. In those cases in which either recovery has

taken place, or in which death is delayed, nervous symptom.

rarely fail to make their appearance. In a case recorded dj

Dr. R. Hassall, 3 ounces of Burnett's fluid were swallowea.

* Taylor notices this case, but adds that she died in three da,ys Th^ u

,a mistake, as the soup was taken on the 12th of June, probably at mia

day, and the woman died on the 13th, at 8 p.m.
pMimu,

f Observations toxicologiques sur le zinc, Annales d'Hyguine PubUqu^,

July 1878, p. 153.
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The usual symptoms of intense gastro-intestinal irritation ensued,
but there was no purging until ,the third day; after the lapse of
a fortnight, a train of nervous symptoms set in, indicated by a
complete perversion of taste and smell. In other cases, aphonia,
tetanic affections of groups of muscles, with great muscular
weakness and impairment of sight, have been noticed. Yery
large doses of zinc chloride have been recovered from

—

e.g., a man
had taken a solution equivalent to about 13 grms. (200 grains) of
the solid chloride. Vomiting came on immediately, and there
was collapse, but he recovered in sixteen days. On the other
hand, -38 grm. (6 grains) has destroyed life after several weeks'
illness.

_
§ 762. Posfr-mortem Apioearances.~ln poisoning by sulphate of

zinc, the appearances usually seen are inflammation, more or less
intense, of the mucous membrane of the stomach and bowels.
In the museums of the London Hospitals, I could only find
(1882) a single specimen preserved illustrating the effects of this
poison. This preparation is in St. George's Hospital museum,
and shows (ser. ix., 43 and 198) the stomach of a man who
died from zinc sulphate, and whose case is reported in the
Lancet, 1859. The mucous membrane is wrinkled all over like
a piece of tripe; when recent it was vascular and indurated, but
uniformly of a dirty grey colour; the lining membrane of the
small intestine is very vascular, and in the duodenum and upper
part pf the jejunum, the colour is similar to that of the stomach,
but m a less marked degree; the stomach and intestines are
contracted.

The pathological appearances after chloride of zinc vary
according to the period at which death takes place. When it has
occurred within a few hours, the lining membrane of the
mouth and gullet shows a marked change in texture, being white
and opaque, the stomach hard and leathery, or much corru-
gated or ulcerated. In cases in which life has been prolono-ed,
contractions of the gullet and stomach may occur very similar to
those caused by the mineral acids, and with a similar train of
symptoms. In a case which occurred under Dr. Markham's *
observation, a person died ten weeks after taking the fatal dose
the first symptoms subsiding in a few days, and the secondary
set of symptoms not commencing for three weeks. They then
consisted mainly of vomiting, until the patient sank from
exhaustion. The stomach was constricted at the pyloric end
so that it would scarcely admit a quill.

'

In Guy's Hospital there is a good preparation, 179935 from

* Med. Times and Gazette, June 11, 1859, p. 595.

40
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the case of S. R, aged twenty-Wo; she took a tablespoonful of >(

Burnett's fluid, and died in about fourteen weeks. There were^'

at first violent vomiting and purging, but she sufiered little pain,

and in a day or two recovered sufficiently to move about the

house; but the vomiting after food continued, everything being

ejected about five minutes after swallowing. Before death she

suffered from pneumonia. The stomach is seen to be much

contracted—five inches in length; it is ulcerated both near the

pylorus and near the gullet; at the latter part, there is a pouch-

like portion of the mucous membrane of the stomach adherent

to the spleen, which communicates by a perforation with an

abscess formed and bounded by the stomach, diaphragm, and

spleen; it contained 3 oz. of dirty-looking pus. At the pylorus,

in the centre, there is a second perforation, but extravasation

of the contents is prevented by the adherent omentum and

transverse colon. The muscular coats are thickened.

S 763. Detection of Zinc in Organic Liquids or Solids.—In cases

where the poison has been expelled from the stomach by vomiting,

the muscles and bones would appear to be the best tissues to

examine chemically; for Matzkewdtsch investigated very care-

fully a dog poisoned by 100 parts of zinc, subcutaneously injected

in the form of acetate, and found it distributed over the_several

organs of the body in the following ratios:—Muscles 60-o, bones

35-49, stomach and intestines 4 63, skin 3-70, place of mjecaon

2-19, liver 1-75, lungs and heart 1-68, kidneys, bladder, and

urine 1"14. , , , .j

The only certain method of detection is to produce the sulphide

of zinc, best eff-ected by saturating a neutral or feebly acid liquid

with hydric sulphide. If an organic Uquid ^yhlch can easdy

filtered, is operated upon, it may be strongly acidulated ^^ltil

acetic acid, and at once treated with hydric sulphide. It, how-

ever, zinc is sought for as a part of a systematic examination (^s

will most likely be the case), the substance will l^^^e been t eate^^

with hydrochloric acid, and already tested for arsenic, antimony,

lead, &c., and filtered from any precipitate. In such a case th

hydrochloric acid must first be replaced by acetic, > hicli^

effected by adding a slight excess of sodic acetate he

quantity of the latter is easily known if
^^l^l^y^HHc "raSv

originally added was carefully measured, and its specihc gra^1^v

ascertained; 3-72 of crystallised sodic acetate saturating one ot

HCh Lastly, should the distillation process, given at p. ^ .

have been adopted, the contents of the retort wi only require

to be treated with water, filtered, and saturated ^^^h si^^ I me te

hydrogen. In any of the above cases, should a
^y'V^^^'/l^^y, '^^.^

or lightish-coloured precipitate (which is not sulphur) be thro^^-B
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down, zinc may be suspected; it will, however, be absolutely
necessary to identify the sulphide, for there are many sources of
error. The most satisfactory of all identifications is the production
of Rinman's green. The supposed sulphide is dissolved off the
filter with hot nitric acid, a drop or more (according to the
quantity of the original precipitate) of solution of cobalt nitrate
added, the solution precipitated with carbonate of soda and
boiled, to expel all carbonic anhydride; the precipitate is then
collected on a filter, washed, dried, and ignited in a platinum
dish. If zinc be present in so small a proportion as 1-100,000
part, the mass will be permanently green.

§ 764. Other methods of procedure are as follows:—The
supposed zinc sulphide (after being well washed) is collected in
a porcelain dish, and dissolved in a few drops of sulphuric acid,
filtered, nitric acid added, evaporated to dryness, and heated to
destroy all organic matter. When cool, the mass is treated with
water acidulated by sulphuric acid, and again filtered. The
splution may contain iron as well as zinc, and if the former (on
testing a drop with ferrocyanide of potash) appears in any
quantity, it must be separated by the addition of ammonia in
excess to the ammoniacal filtrate; sodic carbonate is added in
excess, the liquid well boiled, and the precipitate collected on a
filter and washed. The carbonate of zinc thus obtained is
converted into zinc oxide by ignition, and weighed. If oxide
of zinc, it will be yellow when hot, white when cold: it will
dissolve in acetic acid; give a white precipitate with sulphuretted
hydrogen; and, finally, if heated on charcoal in the oxidisincr
flame, and moistened with cobalt nitrate solution, a green colour
will result. Zinc may also be separated from liquids by elec-
trolysis. The simplest way is to place the fluid under examina-
tion m a platinum dish of sufficient size, acidify, and insert a
piece of magnesium tape. The metallic film so obtained may be
dissolved by hydrochloric acid, and the usual tests applied.

2. NICKEL-COBALT.

§ ^65. The salts of nickel and cobalt have at present no
toxicological importance, although, from the experiments ofAnderson Stuart,* both may be classed as poisonous. The

* "Nickel and Cobalt; their Physiological Action on the Arn'moiOrganism," by T. P. Anderson Stuart, M.J).-Journal of Ana^ T^Physiol., vol. xvii., Oct., 1882.
•
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experiments of Gmelin had, prior to Stuart's researches, shown ii

that nickel sulphate introduced into the stomach acted as an .1

irritant poison, and, if introduced into the blood, caused death ,

by cardiac paralysis. Anderson Stuart, desiring to avoid all i

local irritant action, dissolved nickel carbonate in acid citrate of f

soda by the aid of a gentle heat; he then evaporated the solution,
,

and obtained a glass which, if too alkaline, was neutralised by •

citric acid, until its reaction approximated to the feeble alkalLnily •

of the blood; the cobalt salt was produced in the same way. The

animals experimented on were frogs, fish, pigeons, rats, guinea-

pigs, rabbits, cats, and dogs—in all 200. The lethal dose of

nickelous oxide, when subcutaneously injected m the soluble

compound described, was found to be as follows :—frogs -08 gi-m.

per kilogram; pigeons -06; guinea-pigs -030; rats -025; cats •

•01; rabbits -009; and dogs -007. The cobaltous oxide was ^

found to be much less active, requiring the above doses to be

increased about two-thirds. In other respects, its physiological !

action seems to be very simUar to that of nickelous oxide.

§ 766. Symptoms—Frogs.—A large dose injected into the

dorsal lymph sac of the frog, causes the following symptoms:—

The colour of the skin all over the body becomes darker and

more uniform, and not infrequently a white froth is abundantly

poured over the integument. In an interval of about twen^

minutes the frog sits quietly, the eyes retracted and shut; it

molested, it moves clumsily. When quiet, the fore limbs are

weak, and the hind legs drawn up very peculiarly, the tJiiglis

being iammed up so against the body, that they come to he on

the dorsal aspect of the sides of the frog, and the
_

legs are so

much flexed that the feet lie on the animal's back, quite mtemal

to the plane of the thighs. Soon fibriUary twitchmgs are

observed in the muscles of the abdominal wall, then feeble

twitchings of the fingers, and muscles of the fore hmbs fi^eraly'

lastly, the toes are seen to twitch, and then the muscles of the

hind limbs-this order is nearly always observed; i^o^^P^'^^^'

gaping and incoordinate movements are seen, and the general

aspect is not unlike the symptoms caused by F^^ro^^fl^^-

,

this, tetanus sets in, and the symptoms then resemb e

strychnine; the next stage is stupefaction and jo ^^ary motor

Daresis- the respiratory movements become feeble, and tne

Taresis' passes int'o paralysis. The heart beats -r^ and nio^

slowly and feebly, and death gradually and impei^eptibly super

venes. The post-mortem appearances are well
"^f^^^f'^f'£rt,

mortis, slight congestion of the alimentary tract the Uea",S tiie auricle mlch dilated and filled with dark blood th

ventricle, mostly small, pale, and semi-contracted. J^or som
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time after death, the nerve trunks and muscles react to the

induction current.

Figeons.—In experiments on pigeons, the symptoms were

those of dulness and stupor, jerkings of different sets of muscles,

and then death quietly.

Guinea-pigs.—In guinea-pigs, there were dulness and stupefac-

tion, with some weakness of the hind limbs.

Jiats.—-The symptoms in rats were almost entirely nervous;

they became drowsy and apathetic, and there was paralysis of

the hind legs.

Babbits.—In rabbits, also, the symptoms were mainly those

caused by an affection of the nervous system. There was
paralysis, which affected either the hind legs only, or all four

limbs. The cervical muscles became so weak that the animal was
unable to hold its head up. Diarrhoea occurred and persisted

until death. If the dose is not large enough to kill rapidly, the

reflex irritability is decidedly increased, so that the slightest

excitation may cause the animal to cower and tremble all over.

Now appear twitchings and contractions of single groups of

muscles, and this excitement becomes general. The respirations

also become slower, and more diflicult, and sometimes there is

well-marked dilatation of the vessels of the ears and fundi oculi.

Convulsions close the scene.

§ 767. Circidation.—The effect of the salt on the frog's heart was
also studied in detail. It seems that, under the influence of a
soluble salt of nickel, the heart beats more and more slowly, it

becomes smaller and paler, and does not contract evenly through-
out the whole extent of the ventricle; but the rhythm of the
ventricular and aiiricular contractions is never lost.

It is probable that there is a vaso-motor paralysis of the
abdominal vessels; the blood-pressure falls, and the heart is not
stimulated by the blood itself as in its normal state. In support
of this view, it is found that, by either pressing on the abdomen
or simply inverting the frog, the heart swells up, fills with blood,
and for a time beats well.

Nervous System.—The toxic action is referable to the central
nervous system, and not to that of peripheral motor nerve-
endings or motor nerve-fibres. It is probable that both nickel
and cobalt paralyse to some extent the cerebyum. The action
on the nerve-centres is similar to that of platinum or barium,
and quite different from that of iron.

§ 768. Action on Striped Muscle.—Neither nickel nor cobalt has
any effect on striped muscle. In this they both differ from arsenic,
antimony, mercury, lead, and iron—all of which, in large doses,
diminish the work which healthy muscle is capable of performing.
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§ 769. Separation of Nichel or Cobaltfrom the Organic Matters or

Tissues.^lt is very necessary, if any case of poisoning should

occur by either or both of these metals, to destroy completely the

organic matters by the processes already detailed on p. 5.5.

Both nickel and cobalt are thrown down, if in the form of acetate,

from a neutral solution by sulphuretted hydrogen; but the

precipitation does not take place in the presence of free mineral

acid; hence, in the routine process of analysis, sulphuretted

hydrogen is passed into the acid liquid, and any precipitate

filtered off. The liquid is now made almost neutral by potassic

carbonate, and then potassic acetate added, and a current of

sulphuretted hydrogen passed through it. The sulphides of

cobalt and nickel, if both are present, will be thrown down;

under the same circumstances zinc, if present, would also be

precipitated. Cobalt is separated from zinc by dissolving the

mixed sulphides in nitric acid, precipitating the carbonates of

zinc and cobalt by potassic carbonate, collecting the carbonates,

and, after washing, igniting them gently in a bulb tube, in a

current of dry hydrochloric acid; volatile zinc chloride is formed

and distils over, leaving cobalt chloride.

§ 770. To estimate cobalt, sulphide of cobalt may be dissolved

in nitric acid, and then precipitated by pure potash; the pre-

cipitate washed, dried, ignited, and weighed; 100 parts of cobal-

tous oxide (CogO^) equals 73-44 of metallic cobalt. Cobalt is

separated from nickel by a method essentially founded on one

proposed by Liebig. The nitric acid solution of nickel and cobalt

(which must be free from all other metals, save potassium or

sodium) is nearly neutralised by potassic carbonate, and mixed

with an excess of hydrocyanic acid, and then with pure caustic

potash. The mixture is left exposed to the air in a shallow dish

for some hours, a tripotassic cobalticyanide (KgCoCyg) and a

nickelo-potassic cyanide (2KCy, NiCy^) are in this way produced;

if this solution is now boiled with a slight excess of mercuric

nitrate, hydrated nickelous oxide is precipitated, but potassic

cobalticyanide remains in solution, and may be filtered off. On

carefully neutralising the alkaline filtrate with nitric acid, and

adding a solution of mercurous nitrate, the cobalt may then be

precipitated as a mercurous cobalticyanide, which may be

collected, washed, dried, decomposed by ignition, and weiglied as

cobaltous oxide. After obtaining both nickel and cobalt oxides,

or either of them, they may be easily identified by the blowpipe.

The oxide of nickel gives, in the oxidising flame with borax, a

yellowish-red glass, becoming paler as it cools; the addition ot a

potassium salt colours the bead blue. In the reducing flame the

metal is reduced, and can be seen as little greyish particles
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disseBiinated through the bead. Cobalt gives an intense blue

colour to a bead of borax in the oxidising flame.

IV.—PRECIPITATED BY AMMONIUM SULPHIDE.

IRON—CnROMIUM—THALLIUM.

1. IRON.

§ 771. It was Orfila's opinion that all the salts of iron were

poisonous, if given in sufiicient doses; but such salts as the

carbonate, the phosphate, and a few others, possessing no local

action, may be given in such very large doses, without causing

disturbance to the health, that the statement must only be taken

as applying to the more soluble iron compounds. The two

preparations of iron which have any forensic importance are the

perchloride and the sulphate.

§ 772. Ferric Chloride (Fe2Cl6= 325).—Anhydrous ferric chloride

will only be met with in the laboratory. As a product of passing

dry chlorine over red-hot iron, it sublimes in brown scales, is

very deliquescent, and hisses when thrown into water. There

are two very definite hydrates—one with 6 atoms of water,

forming large, red, deliquescent crystals ;
and another with 12 of

water, less deliquescent, and crystallising in orange stellate

groups.

The pharmaceutical preparations in common use are :

—

Strong Solution of Perchloride of Iron (Liquor Ferri Perchloridi

Fortior). An orange-broAvn liquid of specific gravity 1-338, and

containing about 52-88 parts per weight of ferric chloride in every

100 by volume.
Tincture of Perchloride of Iron (Tinctura Ferri Perchloridi),

made by diluting 5 parts of the strong solution with 15 volumes
of rectified spirit; it therefore contains about 1-31 per cent,

parts by weight of ferric chloride in every 100 by volume.

Solution of Perchloride of Iron (Liquor Ferri Perchloridi).

Simply 5 volumes of the strong solution made up to 20
by the addition of water; hence, of the same strength as the
tincture.
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§ 773. Effects of Ferric Chloride on Animals.—A very elaborate
series of researches on rabbits, dogs, and cats was undertaken
a few years ago by MM. B(^renger-r^rraud and Porte* to
elucidate tbe general symptoms and effects produced by ferric

chloride under varying conditions. First, a series of experiments
showed that, when ferric chloride solution was enclosed in
gelatine capsules and given with the food of the animal, it produced
either no symptoms or but trifling inconvenience, even when
the dose exceeded 1 grm. per kilogrm.

;
anhydrous ferric chloride

and the ferric chloride solution were directly injected into the
stomach, yet, when food was present, death did not occur and the
effects soon subsided. In animals which were fasting, quantities

of the solution equal to "5 grm. per kilogrm. and above caused
death in from one hour to sixteen hours, the action being much
accelerated by the addition of alcohol, as, for example, in the case

of the tincture: the symptoms were mainly vomiting and
diarrhoea, sometimes the vomiting was absent. In a few cases

the posterior extremities were paralysed and the pupils dilated:

the urine was scanty or quite suppressed; death was preceded by
convulsions.

§ 774. Effects on Man.—Perchloride of iron in the form of

tincture has been popularly used in England, from its supposed

abortive property, and is sold under the name of "steel drops."

It has been frequently taken by mistake for other dark liquids

;

and there is at least one case on record in which it was proved to

have been used for the purpose of murder. The latter casef is

peculiarly interesting from its great rarity; it occured in

Martinique, in 1874-1876, no less than four persons being

poisoned at different dates. All four were presumed to have had

immoral relations with a certain widow X , and to have been

poisoned by her son. In three of the four cases, viz., Char ,

Duf and Lab , the cause of death seems pretty clear;

but the fourth, Ab , a case of strong suspicion, was not

suflGlciently investigated. All three took the fatal dose in the

evening, between eight and nine o'clock—Lab the 27th of

December, 1874; Duf the 22nd of February, 1876; and

Ohar on the 14th of May, 1876. They had all passed the

day in tippling, and they all had eaten nothing from midday; so

that the stomach would, in none of the three, contain any solid

matters. The chloride was given to them in a glass of " punch,'

and there was strong evidence to show that the son of the

* iltude sur Vempo'isonnemmt par le perchlorure defer, par MM. Bdrenger-

Ferraud et Porte.—Annates d'Hygiene Publique, 1879.

t Fully reported in B&engor-Ferraud's paper, loc. cit.
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widow X administered it. Char died after about thirteen

hours' illness; Duf and Lab after sixty-five hours' illness;

Ab lived from three to four days. With Char the

symptoms were very pronounced in an hour, and consisted

essentially of violent colicky pain in the abdomen and diarrhoea,

but there was no vomiting; Duf had also great pain in the

abdomen and supression of the urine. Lab had most violent

abdominal pains; he was constipated, and the urinary secretion

was arrested ; there was besides painful tenesmus. According to

the experiments of Berenger-Ferraud and Porte,* the perchloride

in the above cases was taken under conditions peculiarly

favourable for the development of its toxic action—viz., on an
empty stomach and mixed with alcohol.

There have been several cases of recovery from large doses of
the tincture

—

e.g., that of an old man, aged seventy-two, who had
swallowed 85 cc. (3 oz.) of the tincture; the tongue swelled, there
were croupy respiration, and feeble pulse, but he made a good
recovery. In other casesf 28-3 cc. (an oz.) and more have caused
vomiting and irritation of the urinary organs. The perchloride
is not unfrequently used to arrest haemorrhage as a topical
application to the uterine cavity—a practice not free from danger,
for it has before now induced violent inflammation and death
from peritonitis.

§ 775. Elimination of Iron Chloride.—Most of the iron is ex-
creted in the form of sulphide by the fasces, and colours them of a
black hue; a smaller portion is excreted by the urine.

§ 776. Post-mortem Aiopearances.—In the experiments on
animals already referred to, the general changes noted were
dryness, pallor, and parchment-like appearance of the cavity of
the mouth, the mucous membrane being blackened by the con-
tact of the liquid. The gullet was pale and dry, not unfrequently
covered with a blackish layer. The mucous membrane of the
stomach was generally healthy throughout; but, if the dose
was large and very concentrated, there might be one or more
hypersemic spots; otherwise, this did not occur. The internal
surface of the intestines, similarly, showed no inflammation, but
was covered with brownish coating which darkened on exposure
to the air. The liver, in all the experiments, was large and
gorged with black and fluid blood; there were ecchymoses in the
lungs and venous congestion. The kidneys were usually hyper-

* Dub. Med. Press, Feb., 21, 1849.
,^1r Provincial Journal, April 7 and 21, 1847, p. 180; see also Taylor's

aadTdV
Practice of Medical Jurisprudence," vol. i., p 320
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semic, and contained little hfemorrhages. There was also general

encephalic engorgement, and in one experiment intense congestion

of the meninges was observed. Few opportunities have presented

themselves for pathological observations relative to the effects

produced by ferric chloride on man. In a case related by Ohristi-

son, in which a man swallowed 42 ^cc. (one and a half ounce) of

the tincture, and died in five weeks, there Avas found thickening

and inflammation of the pyloric end of the stomach.

The case of Char ,
already alluded to, is that in which the

most complete details of the autopsy are recorded, and they

coincide very fairly with those observed in animals; the tongue

was covered with a greenish fur, bordered at the edges with a

black substance, described as being like "mud;" the lining

membrane of the gullet was pale, but also covered with this

dark "mud." The stomach contained a greenish-black liquid; the

liver was large and congested; the kidneys were swollen, con-

gested, and ecchymosed; the cerebral membranes were gorged

with blood, and the whole brain hyperfemic.

§ 777. Ferrous Sulphate, Goiyperas,or Gree'tx Vitriol—FeS047Hp
= 132-1- 126; specific gravity, anhydrous, 3-138, crystals 1-857;

composition in 100 parts, FeO 25-92; SO3 28-77; H^O 45;32.

This salt is in beautiful, transparent, bluish-green, rhomboidal

prisms. The crystals have an astringent, styptic taste, are

insoluble in alcohol, but dissolve in about 1-5 times their weight

of water; the commercial article nearly always responds to the

tests, both for ferrous and ferric salts, containing a little per-

salt. The medicinal dose of this salt is usually given, as from

•0648 to -324 grm. ( 1 to 5 grains), but it has been prescribed in

cases requiring it in gramme (15-4 grains) doses without injury.

Sulphate of iron has many technical applications; is employed by

all shoemakers, and is in common use as a disinfectant. The salt

has been employed for criminal purposes in France, and in this

country it is a popular abortive. In recorded cases the symptoms,

as well as the pathological appearances, have a striking resem-

blance to those produced by the chloride. There are usually colic,

vomiting and purging, but in one case (reported by Chevallier;,

in which a man gave a large dose of sulphate of iron to his wite,

there was neither vomiting nor colic; the woman lost her appetite,

but slowly recovered. Probably the action of ferrous sulphate,

like that of the chloride, is profoundly modified by the presen<^

or absence of food in the stomach. Anything hke 28-3 grms.

(an ounce) of sulphate of iron must be considered a dangerous

dose, for, though recovery has taken place from this quantity, tne

symptoms have been of a violent kind.
. , „ 77./.—

§ 778. Search for Iron Salts in the Contents ot t/ie Stomach, <ic.
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Iron, being a natural component of the body, care must be taken

not to confound the iron of the blood or tissues with the " iron " of

a soluble salt. Orfila attempted to distinguish between the two
kinds of iron by treating the contents of the stomach, the in-

testines, and even the tissues, with cold acetic acid, and allowing

them to digest in it for many hours, before filtering and testing

for iron in the filtrate—and this is generally the process which
has been adopted. The acid filtrate is first treated with sul-

phuretted hydrogen, which gives no precipitate with iron, and
then with sulphide of ammonium, which precipitates iron black.

The iron sulphide may be dissolved by a little hydrochloric acid

and a drop of nitric acid, and farther identified by its forming
Prussian blue when tested by ferrocyanide of potash, or by the

bulky precipitate of oxide, when the acid liquid is alkalised by
ammonia. In the case of Duf , the experts attempted to

prove the existence of foreign iron in the liver by taking 100
: grms. of Duf 's liver, and 100 grms. of the liver of a non-
; poisoned person, and destroying each by nitro-muriatic acid, and
• estimating in each acid solution the ferric oxide. Duf 's liver

yielded in 100 parts -08 mgrm. of ferric oxide, the normal liver

,

-022—nearly three times as much Duf 's.

I

To obtain iron from the urine, the fluid must be evaporated
* down to a syrup in a j^latinum dish, a little nitric acid added,
heated, and finally completely carbonised. The residue is dis-

solved in hydrochloric acid. Normal urine always contains an
unweighable trace of iron

;
and, therefore, any quantity, such as a

mgrm. of ferric oxide, obtained by careful precipitation of the
hydrochloric acid solution out of 200 to 300 cc. of urine, would be
good evidence that a soluble salt of iron had been taken. The
hydrochloric acid solution is first precipitated by ammonia and
ammonic sulphide. The precipitate thus obtained will not be pure
iron sulphide, but mixed with the earth phosphates. It should
bo redissolved in HOI, precipitated by sodic carbonate, and then
acidified by acetic acid and sodic acetate added, and the solution
well boiled; the iron will then be precipitated for the most part
as oxide mixed with a little phosphate of iron.

Since, as before mentioned, a great portion of the iron swallowed
as a soluble salt is converted into insoluble compounds and ex-
creted by the fieces, it is, in any case where poisoning by iron is

suspected, of more importance to examine chemically the faeces
' and the wliole length of the alimentary canal, than even the
contents of the stomach. In particular, any black material lying
on the mucous membrane may be sulphide of iron mixed with
mucus, &c., and should be detached, dissolved in a little hydro-
chloric acid, and the usual tests applied.
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In the criminal cases alluded to, there were iron stains on
certain linen garments which acquired an importance, for, on
dissolving by the acid of nitric acid, they gave the reactions of

chlorine and iron. Any stains found should be cut out, steeped

in water, and boiled. If no iron is dissolved the stain should

then be treated with dilute nitric acid, and the liquid tested with

ferrocyanide of potash, &c. It need scarcely be observed that

iron-mould is so common on shirts and any fabric capable of

being washed, that great care must be exercised in drawiog

conclusions from insoluble deposits of the oxide.

2. CHROMIUM.

§ 779. The only salts of chromium of toxicological importance

are the neutral chromate of potash, the bichromate of potash,

and the chromate of lead.

Neutral Chromate of Potash.—GvO^P = l%i-l, containing

.56-7 per cent, of its weight of chromic anhydride, GrOy This

salt" is in the form of citron-yellow rhombic crystals, easily

soluble in water, but insoluble in alcohol. Its aqueous solution

is precipitated yellow by lead or baric acetate; the precipitate

being insoluble in acetic acid. If chromate of potash in solution

is tested with silver nitrate, the red chromate of silver is thrp-wii

down; the precipitate is with difficulty soluble in dilute nitrie

acid.

§ 780. Potassic Bichromate.—ICvO^p = 295-2, containing

68-07 per cent, of its weight of chromic anhydride, OrOg. This

salt is in beautiful large, red, transparent, four-sided tables; it

is anhydrous and fuses below redness. At a high temperature,

it is decomposed into green oxide of chromium and yellow

chromate of potash. It is insoluble in alcohol, but readily

soluble in water. The solution gives the same precipitates with

silver, lead, and barium as the neutral chromate. On digesting

a solution of the bichromate with sulphuric acid and alcohol,

the solution becomes green from the formation of chromic

oxide. ...

S781. Neutral Lead Chromate.—'FhGrO^ = 323-5, composition

in 100 parts, PbO 68-94, CrOg 31-06. This is technically

known as "Chrome Yellow," and is obtained as a yellow pre-

cipitate whenever a solution of plumbic acetate is added, either

to the solutions of potassic chromate or bichromate; by adding

chrome yellow to fused potassic nitrate, "chrome red is

formed; it has the composition Cr032PbO. Neutral lead chromate

is insoluble in acids, but may be dissolved by potassic or sooic

hydrates.
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§ 782. Use in the Arts.—Potassic bichromate is extensively

ased in the arts—in dyeing, calico-printing, the manufacture of

porcelain, and in photography; the neutral chromate has been

employed to a small extent as a medicine, and is a common
laboratory reagent; lead chromate is a valuable pigment.

§ 783. Effects of some of the Chromium Compounds on Animal
Iflfe.—In the chromates of potash there is a combination of two
poisonous metals, so that it is not surprising that Gmelin found
the chloride of chromium, OrClg, less active than the neutral

chromate of potash; 1-9 grm. of the last administered to a rabbit

by the stomach, caused death within two hours, while 3 grms.

of chromous chloride had no action. Subcutaneous doses of '2

to "4 grm. of neutral chromate (according to the experiments of

E. Gergens* and Oarl Posnerf) act with great intensity on
rabbits. Immediately after the injection, the animals are restless,

and show marked dyspnoea; death often takes place within a
few hours.

Diarrhoea does not seem, as a rule, to follow when the salt is

administered by subcutaneous injection to animals; but Gmelin's
rabbits had considerable diarrhoea when 1'9 grm. was introduced
into the stomach. The same quantity, injected beneath the
skin of a dog, caused loss of appetite, and; after six days, there
was a dry exanthem on the back, and the hair fell off in patches

;

there was, however, neither diarrhoea nor vomiting. Bichromate
of potash causes (according to the researches of Pelikan)J
symptoms similar to those produced by arsenic or corrosive
sublimate; it acts as a powerful irritant of the stomach and
intestinal canal, and may even cause inflammation ; on its

absorption a series of symptoms are produced, of which the
most prominent are albuminuria, bloody urine, and emaciation.
From -06 to -36 grm. (1-5|- grains) is fatal to rabbits and dogs.

§ 784. Effects of some of the Chromium Salts on Man—
Bichromate Disease.—In manufacturing potassic bichromate,
the workmen exposed to the dust have suffered from a very
peculiar train of symptoms, known under the name of " bichro-
mate disease." It was first described in England by Dr. B. W.
E'ichardson.§ It appears that if the workmen inspire the particles

* Arch. f. Experiment. Pathol, u. Pharmahol. , Bd. 6, Hft. 1 and 2, § 148
1875.

'

t Virchow's Archiv f. Path. Anat. , Bd. 79, Hft. 2, § 333, 1880.
t Beitrage zur Oerichil. Medkin, Toxilcol. u. Pharmakodynamik. Wiirz-

burg, 1858.

§ Brit, and For. Med. Chirurg. Review, Oct. 1863. See also a paper by
the same writer, read before the Medical Society, reported in the Lancet
Marr.h 1 1 1 8S9 '
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chiefly through the mouth, a bitter and disagreeable taste is

experienced, with an increase of saliva. This increase of the

buccal secretion gets rid of most of the poison, and in that case

but little ill effect is experienced; but those who keep the mouth
closed and inspire by the nose, suffer from an inflammation of

the septum, which gradually gets thin and ultimately ulcerated;

finally the whole of the septum is in this way destroyed. It is

stated that when a workman has lost his nasal septum, he no

longer suflfers from nasal irritation, and has a remarkable

immunity from catarrh. The bichromate also causes painful

skin affections—eruptions akin to eczema or psoi'iasis; also

very deep and intractable ulcerations. These cutaneous maladies

start from an excoriation; so long as the skin is not broken,

there seems to be little local effect, if any. The effects of the

bichromate are also seen in horses employed at the factories; the

salt getting into a wound or crack in the leg, produces ulcera

tion: horses may even lose their hoofs.

§ 785. Acute poisoning^ by the chromates is rare. Falck has,

however, been able to find in medical literature seventeen cases,

six of which were suicidal, ten accidental, and in one the

bichromate was used as an abortive. In a case of poisoning

by the chromate of potash (related by Maschka),* in which a

woman, aged twenty-five, took for a' suicidal purpose a piece of

potassic chromate, which she described as the size of a hazel nut

(it would probably be at least 6 grms. in weight)—the cliief

symptoms were vomiting, diarrhoea, pain in the stomach, and

rapid collapse; death took place fourteen hours after swallo\ving

the poison.

In poisoning by potassic bichromate, there may be much

variety in the symptoms, the more usual being those common,

to all irritant poisons

—

i.e., vomiting, diarrhaa, and collapse

with cramps in the limbs and excessive thirst; and the rarer

affecting more especially the nervous system —such as narcosis,

paralysis of the lower limbs, and dilatation of the pupds;

occasionally there is slight jaundice.

In a case recently recorded by Dr. Macniven,t a man took a

lump of bichromate of potash, estimated to be over 2 drachms

(7-7 grms.). The symptoms commenced in fifteen minutes, and

consisted of lightness in the head, and a sensation of great heat

in the body, which was followed by a cold sweat; in twenty

* Praqer VierteljaJirs.ichr. /. d. Prakt. Heilk, Bd. 131, § 37. 1S77.

Schmidt's Jahrb. 1878, Bd. 178, § 237. See also Schuchardt m Maschka*

Handbuch, Ed. ii., p. 3.
i ,> i VA

t "On a case of Poisoning with Bichromate of Potash, by ixi. v/.

Macniven, IJL.li.—Lancet, Sept. 22ud, 1883.
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minutes he vomited; he then suffered from great pain in the

stomach, giddiness, specks before the eyes, a devouring thirst,

and there was loss of power over the legs. These symptoms,

again, were followed by severe rigours and great coldness of the

extremities. On the patient's admission to hospital, two hours

after taking the poison, it was noted that the pupils were

dilated, the face pale and cold, and the pulse feeble. He com-

plained of intense epigastric pain, and a feeling of depression;

there was some stupor; the stomach was emptied by emetics and

liy the stomach-pump, and the patient treated with tepid emol-

lient drinks, whilst subcutaneous doses of sulphuric ether were

administered. He made a good recovery.

In a case recorded by Mr. Wilson,* a man, aged sixty-four,

was found dead in his bed twelve hours after he had gone to

rest. During the night he was heard to snore loudly; there were

no signs of vomiting or purging, and bichromate of potash was
found in the stomach, t

§ 786. Ohromate of lead has also caused death. In one case|

the breathing of chromate of lead dust seems to have been fatal;

and there is also a double poisoning recorded by Dr. Linstow,§

of two children, aged three and a-half and one and three-quarter

years respectively, who eat some yellow ornaments,
|1
which were

used to adorn a cake, and which contained chrome yellow

(chromate of lead). The younger died in two and the elder in

five days. The symptoms were redness of the face, dullness, and
an inclination to sleep; neither complained of pain; the younger
one had a little diarrhoea, but the' elder neither sickness nor
purging.

787. Post-mortem Appearances.—We possess some very exact
researches^ upon the pathological changes induced by subcutane-
ous injections of solutions of potassic bichromate on animals, and
especially on the changes which the kidneys undergo. Ifthe animal
is killed, or dies a few hours after the injection, there is apparently
no striking appearances, but a closer microscopical examination

* Med. Oazette, p. 33, 734.

+ See also cases recorded by Dr. M 'Lachlan, Olasqoiv Med. Journ.y
July 1881; Dr M'Crorie, Ibkl, May 1881; Dr. R. A. Warwick, Lancet,
Jau. 31st, 1880; and Dr. Dunbar Walker, Ihid., Sept. 27th, 1879—

a

summary of all of which may bo found in Dr. Macniven's paper, loc. cit.

t Ueber tddtliche Verr/i/huu/ durch Einalhmcn den Staubes von mit Chrom-
Muirm Blei-Oxijde ge/drbten Game.— Vierteljakrsschr. f. Ger. Med., 1877
lid. XX., vij., lift, i., p. 29.

i Ibid.. Bd. XX., s. (iO. 1874.

II
The ornaments were imitations of bees ; each contained "27 grms. gum

tragacanth, -0042 orm. neutral lead chromate.
H C. Posner. Up. cit.
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shows considerable changes. The epithelium of the tubnli

contort! exhibits a yellow cloudiness, and the outline of the ceUs

is irregular and jagged. The glomeruli are moderately injected,

and their capsules contain an albuminous exudation; the

canaliculi are filled with round cells imbedded in a fluid which,

on heating, coagulates, and is therefore albuminous or fibrinous;

probably this is the first stage of the formation of fibrinous casts.

In the case quoted of the woman who poisoned herself with

potassic chromate, very striking changes were- found in the

stomach and intestines. The stomach contained above a litre of

dark chocolate fluid of alkaline reaction; the mucous membrane,

in the neighbourhood of the cardiac and pyloric extremities, was

swollen and red in sharply defined patches; portions of the

epithelial layer were detached, the rest of the mucous membrane

was of a yellow-brown colour, and the whole intestine, from the

duodenum to the sigmoid flexure, was filled with a partly bloody,

partly treacly-looking fluid; the mucous membrane, throughout

its entire extent, was swollen, with numerous extravasations, and

in places there were losses of substance. Similar appearances

to these have been found in other instances; the anomalous case

recorded by Mr. Wilson {ante) is an exception. In this instance a

pint of inky, turbid liquid, which yielded to analysis potassic

bichromate, was found in the stomach; but there were no marked

changes anywhere, save a slight redness of the cardiac end of the

<Tullet. In Linstow's two cases of poisoning by lead chromate,

there were found in both fatty degeneration of the liver cells,

and red points or patches of redness in the stomach and intestmes.

In the elder boy the changes in the duodenum were very intense,

the mucous membrane was swollen and easily detached, m the

upper part strongly injected with blood; in one place there was

a perforation, and in several places the membrane was extremely

thin. In the younger boy the kidneys seem to have been normal,

in the elder congested and containing pus. Although it was

clear that the two children died from lead chromate, a chemical

analysis gave no result. •

a^j,. „f

§ 788. Detection of the Chromates and Separation oj tlie liaLU, oj

Chrommm from the Contents of the Stomach, <t-c---li m tue

methodical examination of an unknown acid liquid, whicli nas

been already filtered from any precipitate that may have been

obtained by sulphuretted hydrogen, this unknown bquid is ma^e

alkaline (the alkali only being added in slight excess and

hydrated chromic oxido is thrown down and mixed, it i"ay oe

with other metals of the second class, the precipitate may then oe

fused with nitre and potassic carbonate, and will y^^ld
P^^^^J

chromate, soluble in water, and recognised by the red precipitate
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which it gives with silver nitrate, the yellow with lead acetate,

and the green colour produced by boiling with dilute sulphuric

acid and a little alcohol or sugar. If by treating a complex

liquid with ammonium hydrosulphide, sulphides of zinc, man-

ganese and iron are thrown down mixed Avith chromic oxide, the

same principles apply. If a chromate is present in the contents

of the stomach, and the organic fluid is treated with hydrochloric

acid and potassic chlorate, chromic chloride is formed, and
dissolving imparts a green colour to the liquid—this in itself will

he strong evidence of the presence of a chromate, but it should be

supplemented by throwing down the oxide, and transforming it

in the way detailed into potassic chromate.

3. THALLIUM.

§ 789. Thallium was discovered by Crookesin 1861. Its atomic
•weight is 204; specific gravity, 11*81 to 11*91; melting point, 290°.

It is a heavy diamagnetic metal, very similar to lead in its physical

properties. The nitrate and sulphate of thallium are both soluble

in water, the carbonate less so, requiring about 25 parts of water
for solution, while the chloride is sparingly soluble, especially in
hydrochloric acid.

§ 790. Ejfects.—All the salts of thallium are poisonous. One
of the earlier experimenters on the physiological action, Paulet,
found 1 grm. (15-4 grains) of thallium carbonate suiiicient to
kill a rabbit in a few hours; there were loss of muscular power,
trembling of the limbs, and death apparently from asphyxia.
Lamy* used thallium sulphate, and found that dogs were
salivated, and suffered from trembling of the limbs, followed by
paralysis. The most definite results were obtained by Marme,t
who found that -04 to -06 grm. of a soluble thallium salt, injected
subcutaneously or directly into the veins, and -.5 grm. admin-
istered through the stomach of rabbits, caused death. The action
is cumulative, and something like that of mercury: there are
redness and swelling of the mucous membrane of the stomach,
with mucous bloody discharges, and haemorrhage may also
occur from

^
the lungs. Thallium is eliminated through the

wrme, and is also found in the faeces; it passes into the urine
from three to five minutes after injection: the elimination is slow,
often taking as long as three weeks. It has been found in the
milk, in the tears, in the mucous membrane of the mouth, of the

* Ohem. News, 1863.

t Qotlinger Odchrl. Nachrkkten, Aug. 14, No. iO.
'
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trachea, in the secretion of the gastric mucous membrane, and in

the pericardial fluid; and in these places, whether the poison has

been introduced by subcutaneous injection, or by any other

channel. It seems probable that the reason of its being detected

so readily in all the secretions, is the minute quantity which

can be discovered by spectroscopic analysis.

S 791 Separation of Thallium from Organic Fluids or lissues.

—The salts of thallium, if absorbed, would only be extracted m
traces from the tissues by hydrochloric acid, so that, in any

special search, the tissues are best destroyed by either sulphuric

or nitric acid, or both. In the ordinary method of analysis,

when an acid liquid is first treated with sulphuretted hydrogen,

and then made alkaline by ammonia and ammonic sulphide,

thallium would be thrown down with the manganese and iron

of the blood. From the mixed sulphides, thalhum may be

separated by oxidising and dissolving the sulphides with mtnc

acid, evaporating off the excess of acid, dissolymg in a very httle

hot water, and precipitating thallous chloride by solution ot

common salt. The ease, however, with which thalhum may be

separated from solutions of its salts by galvanism is so great as

to render all other processes unnecessary: the best way, theretore,

is to obtain a deposit of the metal on platinum by a current

from one or more cells, and then to examine the deposit spectro-

scopically. Thallium gives, when heated in a Bunsen flame a

magnificent green line, the centre of which co^^^PO^/^J"
J

wave length 534-9; a second green line, the centre of which

coincides with W.L. 568, may also be distinguished.

v.—ALKALINE EARTHS.

BARIUM.

S 792. The soluble salts of barium are "^^oubtedly pois^^^^^

anl are of frequent occurrence in the arts^

^f^tt a-d^he
barium is used in the staining of wool, the nitrate ana

ch^l in the green fires of the pyrotech^^^^^^ the ox and thj

carbonate in the manufacture of glass. The chromate^

by artists under the name of ' yellow
on account

sulphate, technically known as "permanent white, is, on acco
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of its weight and cheapness, occasionally used as an adulterant

of white powders and other substances.*

§ 793. Chloride of Barium, BaOlgSHgO 208 + 36; anhydrous,

Ba 65-86 per cent., 01 34-14; specific gravity, 3-75—is in com-
merce in the form of white, four-sided, tabular crystals; water
dissolves about half its weight at ordinary temperatures, three-

fourths at 100°. Its solution gives a white precipitate with
sulphuric acid, quite insoluble in water and nitric acid.

The salt imparts a green hue to an otherwise colourless flame

;

viewed by the spectroscope, green bands will be visible. We
may note that chloride of barium gives two different spectra—the
one at the moment of the introduction of the salt, the other
when the substance has been exposed for some time to a high
temperature. This is caused by a rapid loss of chlorine, so that
the first spectrum is due to BaOlg, with a variable mixture of
Bad, the second to BaOl alone.

§ 794. Baric Carbonate, BaCOg = 197; specific gravity, 4-3;

BaO 77-69 per cent., CO, 22-31—^in". its native form termed
Wiiherite, is a dense, heavy powder, insoluble in pure water, but
dissolving in acetic, nitric, and hydrochloric acids, the solution
giving the reactions of barium.
A rat-poison may be met with composed of baric carbonate,

sugar, and oatmeal, flavoured with a little oil of aniseed and
caraway.

§ 795. Sulphate of Barium, BaSO^; specific gravity, 4-59;
BaO 65-66 per cent., SOg 34-34 per cent., is a pure white powder
when recently precipitated, absolutely insoluble in water, and
practically insoluble in cold dilute acids. It is quite unalterable
in the air at a red heat; on ignition with charcoal it may be
converted almost entirely into sulphide of barium; and by
ignition with OaOlg into chloride.

§ 796. Effects of the Soluble Salts of Barium on Animals.—One
of the early notices of the poisonous characters of barium
compounds was by James Watt,t who found that loitherite,
given to clogs, produced vomiting, diarrhoea, and death in a few
hours. Sir Benj. Brodie % administered barium chloride, and
noticed its paralysing efiect on the heart. Orfila § made several
experiments, and observed that 4 grms. of the carbonate produced
death in dogs in periods varying from one to five hours; but in these

* Barium carbonate and sulphate are usually enumerated as occasional
^"^^^terants of bread, but there is no modern authentic instance of this,

TTOn"^,®'""^''^ °^ Literary and Philosophical Society of Manchester."
A/»0, vol. lu., p. G09.
t Phil. Tram., 1812.

§ Trait6 des Poisons, 3rd ed., T. 1., Paris, 1826.
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experiments the gullet was tied. The later investigators have

been Gmelin, Onsum, Cyon, and Bohm.* Gmelin found barium v.

carbonate and barium chloride act in a very similar manner;

and, indeed, it is improbable that barium carbonate, as carbonate,

has any action, but, when swallowed, the hydrochloric and other ?

acids of the stomach form with it soluble compounds. J
.
Onsum r

made eight experiments with both barium carbonate and chloride

on animals. The respiration was quickened and, at the same

time, made weak and shallow; the heart's action was accelerated; i

the animals became restless; and there was great muscular

prostration, with paralytic symptoms; convulsions did not occur

in any one of the eight animals. He found, on post-mortem

examination, the right side of the heart full of blood from back-

ward engorgement; he describes a plugging of the small artenes

with little fibrinous coagula, having an inorganic nucleus, with

constant hfemorrhagic extravasations. Onsum seems to have

held the theory that the baryta salts circulated in the blood, i,

and then formed insoluble compounds, which were arrested mr

the lungs, causing minute emboli, just in the same way as if a

finely-divided solid were introduced directly into the circulation

by the jugular vein.

Onsum stands alone in this view. Cyon found no emboli ui

the lungs, and refers the toxic efi"ect to a paralysing influence

on the heart and voluntary muscles, and also on the spmal cord.

Oyon, to settle the embolic theory, injected into the one jugular

vein of a rabbit barium chloride, and into the other sodic sul-

phate, but the small arteries and capillaries of the lungs remained

clear. Bohm, operating on frogs, found a great smilaritj

between the action of small doses of barium salts and that oi

certain organic poisons; as, for example, cicutoxm, -01- to u-

grm. subcutaneously injected into frogs, acted as a lifrt-poison

So also Blakef found the heart slowed, and concluded that

barium chloride had a direct action on the cardiac muscle, ana

also a toxic influence on the nervous system. 1. A. J^aick, i

experiments on rabbits, found a great reduction of temperatur

after poisoning with barium chloride (3° to 12-6 ).

S 797. Weds of the Salts of Barium on Mail.—There are about

fifteen cases of poisoning by barium salts on record-three

which were suicidal, but most of them were due to accident

• Gmeli.,, C. G., l^ersuche ilba- dk Wirkungen des Baryts Str^nt^^;^

Chroms, Molyhedans, Wolframs, Tellurs u w «
. f?. /'^^"'^nd.

OrnanAsvius, Tiibmgen, 1824. Onsum, J-., V^rchow s^rc/ns Bd^

1863. Cyon, M., Archiv /. Anatomte, Phys%olog%e, Ac., iSbb.

Archivf. Experiment. Pathol., Bd. 3rd., 1874.

t Journ. of Anat. and Physiol. 2nd series, 18/4.
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mistake. In three cases, barium chloride was taken instead of

Glauber's salts; in one, instead of Carlsbad salts; in another, a

mixture of barium nitrate and sulphur, instead of pure sulphur;

in a sixth case, a mixture of barium acetate and raspberry

syrup, instead of sodic ethylsulphate; in a seventh,
_
a chemist

put a larger dose than was ordered by the prescription; and in

four cases barium carbonate had been mixed with flour, and this

dour used in the making of pastry. Of the fifteen cases, nine,

or sixty per cent., proved fatal.

Fatal Dose.—The above fifteen cases of poisoning have not

satisfactorily settled the question as to the least fatal dose of

the barium salts. 6-5 grms. (about 100 grains) of the chloride

have destroyed the life of an adult woman in fifteen hours;

14 grms. (J oz.) of the nitrate of baryta have killed a man in

six and a-half hours; and the carbonate of baryta has destroyed

a person in the relatively small dose of 3-8 grms. (60 grains).

On the other hand, certain continental physicians have pre-

scribed barium chloride in large medicinal doses; for example,

Pirondi* and Lisfranct have gradually raised the dose of barium
chloride from 4 decigrams up to 3 grms. (48 grains) daily, given,

of course, in divided doses. Pirondi himself took in a day 7 "7

grms. (119 grains) without bad efiect.

§ 798. Symptoms.—The effects produced on man are partly

those of intestinal irritation, and partly affections of the nervous

system. There are nausea, vomiting, pain in the stomach, a
sense of cardiac oppression, muscular weakness, noises in the
ears, disturbances of vision, cramps, and even paralysis. In Dr.
Tidy's case, J in which a man, sufi"ering from rheumatism, but
otherwise healthy, took a mixture of barium nitrate, flowers of
sulphur, and potassic chlorate, instead of sulphur—the symptoms
were blisters on the tongue, a burning pain in the gullet and
stomach, with vomiting, diarrhcea, convulsions, aphonia, and
coldness of the extremities. A case, copiously detailed by
Seidel,§ in which a pregnant woman, twenty-eight years old,

took carbonate of baryta for the purposes of self-destruction, is

interesting. She probably took the poison some little time
before six in the evening; she vomited and had great pain in the
stomach, but slept during the night without further sickness.

The next morning, after drinking some coffee, the sickness was
renewed; nevertheless, at 7 a.m., she repaired to her employment,
which was distant an hour's walk; she probably suflered much on

* De la Tumeur Blanche de Oenou, cd. 2, Paris, 1836.
t Gaz. Med. da Paris, 1835, No. 14.

+ Pharm. Journ., June, 18G8.

§ Eulenberg's Vierteljahraschri/t f. Ger. Med., Bd. 27, §213.
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the way, for she did not arrive until 9 a.m. The vomiting,

accompanied by diarrhcea, continuing, she was sent to bed at

2 p.m. She was very cold, and complained of great weakness;

the vomiting now ceased. At 8 p.m. she shivered violently,?

could scarcely swallow, and the respiration was oppressed. At
11 she seemed a little improved; but at 3 a.m. she was foimd

much worse, breathing rapidly, but fully conscious. At 4 a.ni,

she was again seen, but found dead; she thus lived about thirty-

four hours after taking the fatal dose.

§ 799. Posf-moriem Appearances.—The ^:>os^-morim appearances

are usually changes in the stomach and intestinal tract, but

there are only rarely traces of great inflammation. It is true,

that in a case recorded by Wach,* a perforation of the stomach

was found; but, since there was old standing disease of both liver

and stomach, it is not clear that this is to be attributed entirely

to poison. In the case of suicide just detailed, the mucous

membrane of the stomach was much ecchymosed; over the

whole were strewn little white grains, sticking to the mucous

membrane; and there were also ecchymoses in the duodenum

§ 800. The Separation of Barium Salts from Organic Solids or

Fluids, and their Identifcation.—In the usual course of examina-

tion of an unknown substance, the matter will already have been

extracted by hydrochloric acid, and the solution successively

treated with hydric and ammonic sulphides. The filtrate from

any precipitate, after being boiled, would in such a case give a

precipitate if treated with sulphuric acid, should a salt of barium

soluble in hydrochloric acid be present.

If there, however, should be special grounds to search for

baryta in particular, it is best to extract the substances with

pure boiling water, to concentrate the solution, and then add

sulphuric acid, collecting any precipitate which may form. If

the latter is found to be sulphate of baryta, it must be derived

from some soluble salt, such as the nitrate or the chloride. The

substances which have been exhausted with water are now

treated with hydrochloric acid, and to the acid filtrate sulphuric

acid is added. If sulphate of baryta is thrown down, the baryta

present must have been a salt, insoluble in water, soluble m
acids—probably the carbonate. Lastly, the organic substances

may be burnt to an ash, the ash fused with carbonate of soda,

the mass, when cool, dissolved in HOI, and the solution pre-

cipitated with sulphuric acid. Any baryta now obtained was

present, probably in the form of sulphate; nevertheless, U

obtained from the tissues, it would prove that a soluble salt liad

• Henke's Zeitschrlftf. StaatsarzneiL, 1835., Bd. 30, Hft. 1., § 1-
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been administered, for (so far as is known) sulphate of barium is

not taken up by the animal fluids, and is innocuous.

The sulphate of barium is identified as follows :— ....
(1.) A part of the well-washed precipitate is boiled with dis-

tUled water, filtered, and to the filtrate a solution of chloride of

barium added. If there is no precipitate, the sulphate can be

none other than baric sulphate, for all the rest, without excep-

tion, are soluble enough to give a sUght cloud with banc

chloride. . . .

(2.) The sulphate may be changed into sulphide by ignition on

charcoal, the sulphide treated with HOI, the solution evaporated

to dryness, and the resulting chloride examined spectroscopically;

or, the sulphide may be mixed with chloride of calcium, taken

up on a loop of platinum wire, heated strongly in the flame of

a Bunsen burner, and the flame examined by the spectroscope.

(3.) A solution of the chloride of barium obtained from (2)

gives a yellow precipitate with neutral chromate of potash,

insoluble in water, but soluble in nitric acid.



APPENDIX A.

EXAMINATION OF BLOOD, OR OF BLOOD-STAINS.

§ 801. Spots, supposed to be blood—whether on linen, walls, or

weapons, should, in any important case, be photographed before

any chemical or microscopical examination is undertaken. Blood-

spots, according to the nature of the material to which they are

adherent, have certain naked eye peculiarities

—

e.g., blood on.

fabrics, if dry, has at first a clear carmine red colour, and part of

it soaks into the tissue. If, however, the tissue has been worn

some time, or was originally soiled, either from perspiration,

grease, or filth, the colour may not be obvious or very distinguish-

able from other stains; nevertheless, the stains always impart a

certain stiffness, as from starch, to the tissue. If the blood has

fallen on such substances as wood or metal, the spot is black, has

a bright glistening surface, and, if observed by a lens, exhibits

radiating fissures and a sort of pattern, which, according to some,

is peculiar to each species; so that a skilled observer might

identify occasionally, from the pattern alone, the animal whence

the blood was derived. The blood is dry and brittle, and can

often be detached, or a splinter of it, as it were, obtained. The

edges of the splinter, if submitted to transmitted light, are

observed to be red. Blood upon iron is frequently very intimately

adherent; this is specially the case if the stain is upon rusty

iron, for ha3matin forms a compound with iron oxide. Blood

may also have to be recovered from water in which soiled articles

have been washed, or from walls, or from the soil, »tc. In such

cases the spot is scraped off" from walls, plaster, or masonry, with

as little of the foreign matters as may be. It is also possible to

obtain the colouring-matter of blood from its solution in water,,

and present it for farther examination in a concenti-ated form,

by the use of certain precipitating agents (see p. 651).

In the following scheme for the examination of blood-stams,

it is presumed that only a few spots of blood, or, in any case, a

small quantity, is at the analyst's disposal.

(1.) The dried spot is submitted to the action of a cold saturated

solution of borax. Tliis medium (recommended by Dragendorfl

)

* Untermchungcn von B'.uCspuren in Maachka's Handhuch. Bd. i., Half-

band 2,
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does certainly dissolve out of linen and cloth blood-colouring

matter with great facility. The best way to steep the spots in

the solution is to scrape the spot off the fabric, and to digest it in

about a cubic centimetre of the borax solution, which must not

exceed 40°; the coloured solution may be placed in a little glass

cell, with parallel walls, -5 centimetre broad, and -1 deep, and
submitted to spectroscopic examination, either by the ordinary

spectroscope or by the micro-spectroscope; if the latter is used,

a very minute quantity can be examiaed, even a single drop. In
order to interpret the results of this examination properly, it will

be necessary to be intimately acquainted with the spectroscopic

appearances of both ancient and fresh blood.

§ 802. Spectroscopic Appearances of Blood.—If defibrinated

bloodf be diluted with water until it contains about '01 per cent,

of oxyhsemoglobin, and be examined by a spectroscope, the layer

of liquid being 1 centimetre thick, a single absorption band
between the wave lengths 583 and 575 is observed, and, under
favourable circumstances, there is also to be seen a very weak
band from 550 to 532. With solutions so dilute as this, there is na
absorption at either the violet or the red end of the spectrum.
A solution containg "09 per cent, of oxyhtemoglobin shows very
little absorption in the red end, but the violet end is dark up to
about the wave length, 428. Two absorption bands may now be
distinctly seen. A solution containing -37 per cent, of oxy-
haemoglobin shows absorption of the red end to about "W.L. 820;
the violet is entirely, the blue partly, absorbed to about 453. The
bands are considerably broader, but the centre of the bands
occupies the same relative position. A solution containing as
much as "8 per cent, of oxyhaemoglobin is very dark; the two
bands have amalgamated, the red end of the spectrum is absorbed
nearly up to Fraunhofer's line a; the green is just visible between
W.L. 498 and 518. Venous blood, or arterial blood, which has
been treated with reducing agents, such, for example, as an
alkaline sulphide, gives the spectrum of reduced haemoglobin.
If the solution is equivalent to about -2 per cent., a single broad
band, with the edges very little defined, is seen to occupy the
space between W.L. 595 and 538, the band being darkest about
550; both ends of the spectrum are more absorbed than by a
solution of oxyhsemoglobin of the same strength. In the blood
of persons or animals poisoned with hydric sulphide—to the
spectrum of reduced ha;moglobin, there is added a weak

t In this brief notice of the spectroscopic ap]iearances of the blood, the
measurements in wave lengths are, for the most part, after Gamgee.— "Text-
Book of Physiological Chemistry." London, 1880.
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absorption band in the red, with its centre nearly correspondingJ

with the Fraunhofer line 0. Blood which has been exposed to^

carbon oxide has a distinct spectrum, due, it would seem, to a

special combination of this gas with hfemoglobinj in other words,ii

instead of oxygen, the oxygen of oxyhsemoglobin has been*

displaced by carbon oxide, and crystals of carbon oxidfri

hsemoglobin, isomorphous with those of oxyhoemoglobin, mayi

be obtained by suitable treatment. The spectrum of carbom

oxide-hsemoglobin, however, differs so little from that of normals

blood, that it is only comparison with the ordinary spectrum, orj

careful measurements, which will enable any person, not veryr I

familiar with the different spectra of blood, to detect it; with; I

careful and painstaking observation the two spectra are seen to I

be distinct. The difference between the carbon oxide and the '

normal spectrum essentially consists in a slight moving of the

bands nearer .to E. According to the measurements of Gamgee,

the band a of OO-hsemoglobin has its centre approximately at

W.L. 572, and the band /3 has for its centre W.L. from 534 to

538, according to concentration. If a small quantity of an

ammoniacal solution of ferrous tartrate or citrate be added to

^
blood containing carbon oxide, the bands do not wholly fade, butuj

persist more or less distinctly; whereas, if the same solution is

added to bright red normal blood, the two bands vanish instantly

and coalesce to form the spectrum of reduced hsemoglobm.

When either a solution of htemoglobin or blood is exposed to th.

air for some time, it loses its bright red colour, become^

brownish-red, and presents an acid reaction. On examinmg tin

spectrum, the two bands have become faint, or quite extinct;

there is a new band, the centre of which (according to Gaiugei

occupies W.L. 632, but (according to Preyer) 634. In solution-

of a certain strength, four bands may be seen, but in a stron.

solution only one. This change in the spectrum is due to t u

passin'T of the hajmoglobin into methcemoglohin, which may
J'^

considered as an intermediate stage of decomposition, prior totlu

breakinc^ up of the htemoglobin into hajmatm and proteids.

A spectrum very similar to that of methaimoglobm i>

obtained by treating ancient blood stains with apetic acid

viz., the spectrum of acid hcematin, but the band is n^^*^^ A,

its centre, according to Gamgee, corresponding to W. •

(according to Preyer, 656-6). The portion of the band is
;

little different in alkaline solution, the centre being about ^y-;

Hismatin is one of the bodies into which ha3moglobin spWs up
^

the addition of such agents as strong acetic acid, or the dtco

posing influence of exposure; the view most generally a^cep

being that the colouring-matter of the blood is ha^matin m

I;
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combination with one or more albuminoid bodies. The hfematin

obtained by treating blood with acetic acid may be dissolved

out by ether, and the ethereal solution then exhibits a remark-

able distinctive spectrum. Hence, in the spectroscopic examina-

tion of blood, or solutions of blood, for medico-legal purposes,

if the blood is fresh, the spectrum likely to be seen is either that

of oxyhsemoglobin or hsemoglobin; but, if the blood stain is not

recent, then the spectrum of either hsematin or methsemoglobin.

The colouring-matter of cochineal, to which alum, potassic

carbonate, and tartrate have been added, gives a spectrum very

similar to that of blood (see page 83, vol. i.); but this is only

the case when the solution is fresh. The colour is at once
discharged by chlorine, while the colour of blood, although
changed in hue, remains. The colouring-matter of certain red

feathers, purpurin-sulphuric acid, and a few other reds, have
some similarity to either the hiematin or the haemoglobin
spectrum, but the bands do not strictly coincide; besides, no
one would trust to a single test, and none of the colouring-

matters other than blood yield hsBmatin.

(2.) Preparation of Eceniatin Crystals—(Teichmann's crystals).

A portion of the borax solution is diluted with five or six parts
of water, and one or more drops of a five or six per cent, solution
of zinc acetate added, so long as a brownish-coloured precipitate
is thrown down. The precipitate is filtered ofi" by means of a
miniature filter, and then removed on to a watch glass. The
precipitate may now be dissolved in one to two cc. of acetic
acid, and examined by the spectroscope it will show the spectrum
of h^matin. A minute crystal of sodic chloride being then
added to the acetic acid solution, it is allowed to evaporate to
dryness at the ordinary temperature, and crystals of hsematin
hydrochlorate result. There are other methods of obtaining the
crystals. When a drop of fresh blood is simply boiled with glacial
acetic acid, on evaporation, prismatic crystals are obtained.

Hajmatin is insoluble in water, alcohol, chloroform, and in
cold dilute acetic and hydrochloric acids. It may, however,
be dissolved in an alcoholic solution of potassic carbonate, in
solutions of the caustic alkalies, and in boiling acetic and
hydrochloric acids. Hoppe-Seyler ascribes to the crystals the
formula OcgH^oNsFePio^HOl. Thudichum considers that the
pure crystals contain no chlorine, and are therefore those of
hajmatin. It is the resistance of the hajmatin to decomposition
and to ordinary solvents that renders it possible to identify a
certain stain to be that of blood, after long periods of time.
Dr. Tidy seems to have been able to obtain blood reactions
from a stain which was supposed to be 100 years old. The
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crystals are of a dark-red colour, and present themselves in three ?

forms, of which that of the rhombic prism is the most common i

(see fig. 20). But crystals >

like b, having six sides, ,

also occur, and also crystals ;

similar to c.

If the spot under examina- -

tion has been scraped olf an i

iron implement the hsematin i

is not so easily extracted,

but Dragendorff" states that

borax solution at 50° dis-

solves it, and separates it

from the iron. FeUetar has

also extracted blood in com-

bination with iron rust, by

Fig. 20. means of warm solution of

caustic potash, and, after neutralisation with acetic acid, has ?

precipitated the hajmin by means of tannin, and obtained from the

tannin precipitate, by means of acetic acid, Teichmann's crystals.

Blood on leather must be treated in the same way as if it :

were a tannin precipitate—that is, the blood must be scraped ott
"

and boiled up with strong acetic acid, &c.

(3.) Guaiacum Tesi.—This test depends upon the fact that _a

solution of hajmoglobin develops a beautiful blue colour, it

brought into contact with fresh tincture of guaiacum and per-

oxide of hydrogen. The simplest way to obtain this reaction

is to moisten the suspected stain with distilled water; alter

allowing suificient time for the water to dissolve out some ol

the blood constituents, moisten a bit of filter-paper with tne

weak solution thus obtained; drop on to the moist space a

single drop of tincture of guaiacum which has been prepared oy

digesting the inner portions of guaiacum resm in alcohol, ana

which has been already tested on known blood, so as to ascertain

that it is really good and efiicient for the purpose; aiid, lastij,

a few drops of peroxide of hydrogen. Dra,gendorff uses lus

borax solution, and, after a little dilution with .v'uter, adds tue

tincture and then Heunefeld's turpentine solution, '

composed of equal parts of absolute alcohol, chloroform, ana

French turpentine, to which one part of acetic acid has been

added. The chloroform separates, and, if blood was present,

is of a blue colour. . . , .i j„ +i,Qf a

§ 803. To prove by chemical and physical methods that

certain stain is that of blood, is often o^ly/",^
'J?P,"f Jaii

enquiry, the next question being whether the blood is that ol mau
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01- of animals. The blood-corpuscles of man are larger than those

of any domestic animal inhabiting Europe. The diameter of

the average red blood-corpuscle is about the of a millimetre,

or 7-9 (U..* The corpuscles of man and of mammals, generally

speaking, are round, those of birds and reptiles oval, so that

there can be no confusion between man and birds, fishes or

reptiles; if the corpuscles are circular in shape the blood will

be that of a mammal. By careful measurements, Dr. Richardson,

of Pennsylvania, afiirms that it is quite possible to distinguish

human blood from that of all common animals. He maintains,

and it is true, that, by using very high magnifying powers and
taking much trouble, an expert can satisfactorily identify human
blood, if he has some half-dozen drops of blood from difi'erent

animals—such as the sheep, goat, horse, dog, cat, &c., all fresh

at hand for comparison, and if the human blood is normal.

However, when we come to the blood of persons suffering from
disease, there are changes in the diameter and even the form
of the corpuscles which much complicate the matter; while, in

blood stains of any age, the blood-corpuscles, even with the

most artfully-contrived solvent, are so distorted in shape that

he would be a bold man who should venture on any definite

conclusion as to whether the blood was certainly human, more
especially if he had to give evidence in a criminal case.

Neumann afiirms that the pattern which the fibrin or coagulum
of the blood forms, is peculiar to each animal, and Dr. Day, of
Geelong, has independently confirmed his researches: this very
interesting observation, perhaps has not received the attention
it merits.

When there is sufficient of the blood present to obtain a few
milligrms. of ash, there is a means of distinguishing human blood
from that of other common mammals, which has been neglected
by authorities on the subject, and which may be found of real
value. Its principle depends upon the relative amounts of potas-
sium and sodium in the blood of man as compared with that in
the blood of domestic animals. In the blood of the cow, sheep,
fowl, pig, and horse, the sodium very much exceeds the potassium
in the ash; thus the proportion of sodium oxide to that of potassium
oxide in the blood of the sheep is AsKgO -1

: Na„0 -6; in that of the
cow, as 1:8; in that of the domestic fowl, as 1 :16; while the
same substances in human blood are sometimes equal, and vary
from 1 : 1 to 1 : 4 as extremes, the mean numbers being as 1 : 22.
The potassium is greater in quantity in the blood corpuscles than
m the blood serum; but, even in blood serum, the sam^ marked

* of an inch; the Greek letter ^ is the micro-millimetre, or 1000th
of a mdUmetre •00003937 inch.
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differences between the blood of man and that of many animals

is apparent. Thus, the proportion of potash to soda being as

1:10 in human Hood; the proportion in sheep's blood is 1 to

15-7; in horse's serum as 1 to 16-4; and in the ox as 1 to 17.

Since blood, when burnt, leaves from 6 to 7 per thousand of ash,

it follows that a quantitative analysis of the relative amounts of

potassium and sodium can only be satisfactorily effected when

sufficient of the blood is at the analyst's disposal to give a weigh-

able quantity of mineral matter. I, however, find that it is

possible to make an estimation of the alkalies with 1 gramme of

blood—this quantity yielding about 5 milligrammes of the mixed

alkalies. On the other hand, much work requires to be done

before this method of determining that the blood is either human,

or, at all events, not that of an herbivorous animal, can be relied

on. We know but little as to the effect of the ingestion of

sodium or potassium salts on either man or animals, and it is

possible—nay, probable—that a more or less entire substitution

of the one for the other may, on certain diets, take place,

Bunge seems in some experiments to have found no sodium in

the blood of either the cat or the dog.

The source from which the blood has emanated, may, in a lew-

cases, be conjectured from the discovery, by microscopical exami-

nation, of hair or of buccal, nasal, or vaginal epithelium, &c.,

mixed with the blood stain.

APPENDIX B*

TREATMENT, BY ANTIDOTES OR OTHERWISE, OF

OASES OP POISONING.

8 804 All medical men in practice are liable to be summoned

hastily to cases of poisoning. In such emergencies not a moment

is to be lost, for valuable lives have ere this been sacrificed simply

from the delay caused by searching for medicines and instrument,

and visiting the patient unprovided with suitable remedies

Hence, it is far the safest plan for every medical man to provide

* The brief Summary given in Appendix B of the immediate steps which

should be taken in cases of poisoning is added by request.
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himself with an " antidote lag" which, to be complete, should be

furnished with the following requisites :

—

I. Instruments :

—

(1.) A stomach-pump or tube,* with proper mouth gags.

(2.) A hypodermic syringe.

(3.) An ordinary bleeding lancet.

(4.) A glass-syringe with suitable canula, which may, in

case of necessity, be used for transfusion.

(5.) Bistoury, forceps and tubes suitable for performing trach-

eotomy.

A small battery (interrupted current).

II. Emetics :

—

1.
)
Sulphate of zinc.

2. )
Apomorphine.

I (3.) Mustard.
I (4.) Ipecacuanha.

The sulphate of zinc may either be carried in thirty-grain
' powders or in the ordinary solid crystalline state, together with
. a little measure made out of a small pill-box which, when exactly
full, is found to contain from twenty-five to thirty grains.

A still more convenient form is that of the compressed tablets,

sold as a speciality by one or more firms. The same remarks
I apply to ipecacuanha.

The apomorphine hydrochlorate should be in solution, a suitable
I strength is 2 per cent ; a few drops of this substance, injected
I hypodermically, will cause vomiting in a few minutes.

Besides the above list, the bag should be furnished with a
selection of the so-called antidotes.

* The stomacli-tube is simply a tube of India-rubber, from 6 to 8 feet in
length, one end of whicb should be a little stiif, and have a solid rounded
extremity pierced witb two lateral oval holes—catheter-like; but, on an

\ emergency, any India-rubber tube of a suitable length will do. It is used
' by passing the proper end gently down the throat into the stomach; if the
; patient is insensible, or, as in some determined suicides, obstinate, the
jaws must be forcibly opened by the handle of a spoon, and some solid

I substance placed between the teeth so as to give sufficient room for the
entry of the tube. If the tube is now passed in the median line weU into
the grasp of the pharynx, it is actually drawn down into the stomach by the

• pharyngeal muscles, so that the operator has, as it were, only to " pay out

"

fa
sufficient quantity of the tubing. Holding the tube in a perpendicular

position, it may then be filled with water by means of a small funnel. When
ftll, the end must be pinched and brought down to the ground to deliverm a basin; it will then act as a syphon and the contents of the stomach will
e syphoned off. The tube is elevated again above the body, and the
tomach fiUed with water; this syphoned off, and t]ie process repeated.

I

-offee, also, or antidotes may be conveniently introduced. If the recumbent

I

position IS necessary, the patient must, of course, be placed on a bed or
I table, in order that there should be suflScient fall for the syphon
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Antidotes :

—

(a.) Chemicals neutralising the poison.

Acetic acid and calcined magnesia.

(b.) Precipitants of alkaloids.

Tannin—A solutioii of iodine in potassic iodide.

(c.) Narcotics, or ancesthetics, for the treatment of the tetanic;

class.

Chloral—chloroform.

(d.) Substances ivhich act physiologically.

French oil of turpentine.—A solution of atropine sulphate;;

for hypodermic use (strength -8 per cent); hypodermic dose

from 5 to 6 drops.

Solution of nitrate of pilocarpine (strength 5 per cent.); dose,«

10 drops or more.

Muscarine—a solution in water (strength 5 per cent.); dose,r

10 drops.
I

Morphine meconate in solution (strength 10 per cent.); dose,i

from 5 drops. \

A solution of pilocarpine nitrate (strength 5 per cent.); dose,«

ahout 10 drops. .

A solution of nitrate of strychnine (strength 2 per cent.); hypo-^

dermic dose, from 2 to 3 drops.

To these may be added a bottle of Wyeth's dyalised iron for

use in arsenic poisoning, a flask of brandy, some chloric ether,

aromatic spirits of ammonia, and some really good extract of coffee.

TREATMENT.
§ 805. Acid Carbolic.

Use the stomach-tube or pump, unless there is great destruc

tion of the mucous membrane. In the latter case, excifa

vomiting by injecting subcutaneously from 5 to 6 drops ol

the apomorphine solution; or give an emetic of zinc sulphate,

ipecacuanha, or mustard.
. -i-i.

The stomach may, by the aid of the tube, be washed out witn

a weak alkaline solution of soda; albumen may also be gi^-en-'

and such stimulants as brandy and water, chloric ether, ancK

aromatic spirits of ammonia.

It is important to apply warmth to the extremities.

Inject subcutaneously from 2 to 3 drops of the atropine i

hypodermic solution.

Nitrite of amyl by inhalation is said to have been usetul.

In desperate cases bleeding, followed by transfusion, is toi

be considered.
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Acids—Mineral, including Sulphuric, Nitric, Hydrochloric,

Glacial Acetic Acids.

Stomach-tube or pump, inadmissible.
j

Neutralise by calcined magnesia, lime, chalk, or soda, but

not with potash, if there is choice.

If no neutralising agent can be immediately procured, then

dilute with plenty of water.

Other remedies are—oil, milk, whites of eggs, gruel.

It is often recommended in such cases to administer hypoder-

mically a little morphine.

Aconite—Aconitine.

Use at once the stomach-tube or pump, or give emetics ot

sulphate of zinc, or hypodermic solution of apomorphine.

Keep the patient in the recumbent posture.

After the stomach has been emptied, give atropine, either by

hypodermic injection or by the mouth, say 4 drops of the

P.B. solution; failing atropine, 20 drops of the tincture of

belladonna. The dose may be repeated more or less frequently

according to the condition of the patient.

If there is great tendency to heart-syncope, tincture of digitalis

ia J-drachm doses by the mouth, or in hypodermic doses of

from 10 drops upwards.

Apply a mustard poultice to the pericardium; aid vomiting

and elimination of the poison by plenty of water, to which may
be added brandy or any form of alcohol.

•^Inhalations of nitrite of amyl are said to have been useful.

If the breathing stops, try artificial respiration.

Alcohol.
Empty the stomach by the tube or pump, and then wash it

out with warm coffee; if the stomach-tube is not at hand, then

empty the stomach by hypodermic injection of 5 drops of

apomorphine, or by a mustard emetic, or sulphate of zinc. Keep
the body very warm, but the cold douche may be applied to

the head.

Endeavours should be made to rouse the patient, if insensible*,

by shaking, shouting at him, &c.

Inhalations of amyl nitrite are said to be useful.

Alkalies—Ammonia—Potash—Soda.—Stomach-pump or tube

not to be used.

Vomiting nearly always present, or may be produced by adminis-

tering plenty of lukewarm water; after which give dilute vinegar,

or the juices oflemons or oranges ; olive oil, the white of eggs, barley

water, arrowroot, and always plenty of water may be administered.

42
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There may be oedema of the glottis, especially if ammonia has.'!

been taken. In such a case, and death threatening from i

suffocation, perform tracheotomy. In poisoning by ammonia, i

with croupous respiration, keep the room warm, and fill it with;

steam by means of a bronchitis kettle.

Relieve pain by small doses of morphine injected subcu-i

taneously.

Ammonia.—See Alkalies.

Antiarin.—See Digitalis.

Antimony—Tartar-Emetic—Antijionial Wine, &c.
'

The stomach will generally have been emptied by vomiting.:

In those rare cases in which this does not take place, use the

stomach-pump or tube, or give hypodermic injection of apo-:

morphine.

Follow this with doses of strong tea, or give half-a-drachm

.

of tannin or gallic acid in warm water.

Give also demulcent drinks, and stimulants in small doses,-

frequently repeated.

Keep the patient very warm by hot blankets and wraps.

The interrupted galvanic current to the heart may be useful I

Apocynin.—See Digitalis.

Arsenic.
Use the stomach-pump or tube, or empty stomach by emetics,^

such as hypodermic solution of apomoi-phine, or give mustardil

or sulphate of zinc. The stomach should then be washed ont
'

by large quantities of water, most conveniently administered by>

the pump or tube.

If the tube or pump is not at hand, then administer at once

either dialysed iron, or the freshly-precipitated hydi'ated oxide

of iron, obtained by precipitating the ordinary perchlonde by

means of carbonate of soda or ammonia, avoiding excess of the

latter. If the operator has sufficient chemical knowledge to

precipitate the iron with fair exactness, so that there is no great

excess of ammonia, or of sodic carbonate, then filtration

unnecessary. In other cases, filter through a handkerchief.

Oil, mucilaginous drinks, the whites of eggs, and, if famtnes.-

exists, small doses of stimulants may all be given.
, ^ i v

If the skin is cold, warmth must be applied to the body

means of hot blankets, &c.

Pain may be relieved by morphine.
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Atropine—Belladonna—Tincture op Belladonna.
Empty the stomach by means of the stomach-pump or tube.

Give an enema of coffee.

Administer half a grain of pilocarpine nitrate; or, if that is

not at hand, morphine or opium in suitable doses will act to a

certain extent antagonistic to the poison.

A subcutaneous dose of muscarine may be administered instead

of pilocarpine, but is not quite so good.

Hot water to the feet, alternate douches of cold and hot

water are found useful.

If the respiration seems likely to stop, artificial respiration

must be practiced.

Belladonna.—See Atropine.

Benzene.
If swallowed, then empty the stomach by pump or tube, or

l^y the hypodermic injection of apomorphine; or give emetics,

such as zinc sulphate, mustard, or ipecacuanha.

If the vapour has been inlialecl, this is unnecessary.
Plenty of fresh air.

A subcutaneous dose of atropine, say l-60th of a grain, or
from 30 to 40 drops of belladonna tincture.

Alternate douches of hot and cold water to the chest, artificial

respiration, if necessary. The heart to be maintained by mild-
interrupted shocks of the battery over the region of the heart.

Bichromate of Potash.—See Chromium.

Brucine.—See Strychnine.

Calabar Bean—Physostigmine.
Use stomach-pump or tube, or emetics, such as sulphate of zinc,

mustard or ipecacuanha; or, better still, hypodermic solution of
apomorphine.

Give hypodermic doses of 1-GOth grain atropine until the
pupils dilate. This treatment seeming to fail, chloral in 10-grain
doses, every quarter of an hour, has been recommended.
In certain cases strychnine has been used in hypodermic doses

of 1-1 2th of a grain.

Stimulants and artificial respiration will probably be necessary
in some cases.

Camphor.
Use stomach-pump or tube, or empty the stomach by emetics.
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Hypodermic injections of brandy, inhalations of ether, the

alternate hot and cold douche, warmth to the extremities by

hot blankets, &c., seem to be the best methods of treatment.

Oantharides—Oantharidine.

Use stomach-pump or tube, if the mucous membrane of the '

throat is not inflamed; or, administer' hypodermic dose of
'

apomorphine, or give emetics—sulphate of zinc, mustard, or

ipecacuanha.

Allay pain with morphine. Give plenty of water and demulcent :

drinks.

Chloral.
j

Use stomach-pump or tube, and, when the stomach is emptied,

introduce by the same means warm coffee, or give a hypodermic

injection of apomorphine, or administer emetics of sulphate of

zinc, or mustard, or ipecacuanha.

An enema of coffee will be useful.

Keep the limbs warm.
Administer hypodermically 2 or 3 drops of the solution ot

strychnine at intervals of from fifteen to twenty minutes.

Eouse the patient by various means, such as shouting, shaking,

flapping the skin with a wet towel, &c.

Inhalations of amyl nitrite are recommended.

Artificial respiration may be necessary.

Chlorate op Potash.
„ . , , , • t rrR\

Use the same treatment as for nitrate ofpotash {wJach see, p. bbo;.

Chloride of Zinc.—See Zinc.

Chloroform—(Inhaled). »

Give plenty of fresh air, pull the tongue forward, and commence

at once artificial respiration. If the heart has stopped strike the

chest two or three times very hard, over the region of the heart,
j

this has been found occasionally to restore its beat. Apply toe .

battery, but with a weak current only; one pole may be placea

on the larynx, the other at the pit of the stomach.

Inhalations of nitrite of amyl are useful. The hot and cold

douche may also be used.

On-LOUOFOun—(Swallowed). , ^
Empty the stomach by pump or tube, or e^^^'^J. ^"j. of

5 drops of the hypodermic solution of apomorphme or sulphate

zinc or mustard.
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Give an enema of hot coffee.

Administer large draughts of water, which may advantageously

contain a little sodic carbonate in solution.

Attempt to rouse the patient. Nitrite of amyl inhalations,

and, if necessary, artificial respiration may be used.

Ohromate of Potash.—See Chromium.

Chromic Acid.—See Chromium.

Chromium—Bicromate of Potash—Chromatb of Potash—
Chromic Acid.

Empty the stomach by pump or tube; administer a subcutaneous

injection of apomorphine, or give sulphate of zinc, mustard, or

ipecacuanha as emetics. PoUow up by administering, suspended
in water, calcined magnesia, or carbonate of magnesia, or chalk.

Demulcent drinks, such as barley-water, &c.

OoccuLus Indicus.—See Picrotoxin.

CoLCHicuM— Meadow Saffron — Colchicum Wine, Tinc-
ture, &c.

Use stomach-pump or tube, or empty the stomach by emetics,

such as sulphate of zinc, or mustard, or ipecacuanha; or, better
than all, give a hypodermic injection of 4 or 5 drops of the
solution of apomorphine.

Give tannin or gallic acid in half-drachm doses, or strong tea
or coffee.

Allay the pain in the bowels and purging by small doses of
opium or morphine.

Keep the extremities warm, apply hot fomentations to the
abdomen; stimulants may be used, give plenty of water and
demulcent drinks.

Ooloctnth.
Treatment on the same lines as that of Colchicum.

OoNiuM

—

Hemlock.
Empty the stomach by the pump or tube, or give a hypodermic

injection of 4 or 5 drops of the solution of apomorphine,
or emetics of sulphate of zinc or mustard.
Keep up the temperature of the body by hot wraps.
Administer, as a drink, strong tea, tannin, gallic acids, or any

harmless vegetable decoction containing tannin.
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Stimulants may be administered.

If necessary, use artificial respiration.

Copper—Salts op.

Empty stomach by pump or tube, and either inject by the same

means or administer white of egg in solution in water; if no

white of eggs can be had, substitute milk; give plenty of water

and emollient drinks.

Pain may be allayed by opium or morphine.

Corrosive Sublimate—Perchloride of Mercury—Nitrate

of Mercury.
Empty the stomach by the tube or pump, and wash the organ

out with plenty of white of egg, dissolved in water or milk. If

the stomach-pump is not at hand, then give emetics, such as the

solution of apomorphine, hypodermically, in from 4 to 5-drop

doses, or a zinc sulphate emetic, or mustard, or ipecacuanha.

Probably violent vomiting is already present, then stomach-tube

or emetics are unnecessary; but, in any case, give plenty of

albuminous fluids, such as white of egg in water or milk. If

neither of these is at hand, chop any fresh meat up as finely as

can be done in a short space of time, difi'use in water, and

administer. Follow up with demulcent drinks, such as barley-

water, flour and water, &c.

Pain may be allayed with a little opium or morphine.

Stimulants are admissible, if necessary.

Oroton Oil.
. e

Empty stomach by means of tube or pump, or give emetics of

mustard or sulphate of zinc, or administer hypodermic injection

of apomorphine.
.

Give 10 drops of laudanum every twenty minutes or halt-hour,

until the pain and purging are somewhat abated, or else inject

subcutaneously small doses of morphine at intervals.

Give plenty of demulcent drinks.

2 or 3 drops of essence of camphor in milk are useful.

Stimulants, such as brandy, ammonia, or chloric ether, are

admissible.

Cytisine.—See Laburnum.

CURARINE—WOORARI—UrARI. IJl-plv

The poison is of course introduced by a wound; it any is iiKe'y

to be still in the wound apply a Ugature, suck the wound, and

then wash it with a slightly alkaline solution of potassic per

manganate.
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Keep np the respiration artificially, give plenty of water and a

dose of spirits of nitre, apply warmth to the loins. By these

means the poison will be rapidly separated by the urine; and, if

the patient can only be kept alive by artificial respiration for a

little time, he may recover, for elimination is very rapid.

Cyanide of Potassium.—See Prussic Acid.

Digitalis Group of He.\rt Poisons, including, besides the

DiGiTALiNS, Antiarin, Apoctnin, Neriin, OleandriNj
EvoNYMiN, Tuevetin, Scillain, Strophantin and Eky-
THROPHLEIN.

Empty the stomach by the tube or pump, or administer a

subcutaneous dose (4 drops) of apomorphine, or give a table-

spoonful of mustard in water or sulphate of zinc.

Follow up with strong tea, or half-a-drachm of tannin, or

gallic acid in aqueous solution.

A very small dose of aconitine nitrate in solution (say

l-200th of a grain) may be injected subcutaneously and the

effect watched; if in a little time it seems to do good, repeat the

dose. On no account let the patient rise from the recumbent
posture, or he may faint to death.

Stimulants in small doses may be given frequently by the
mouth, or, if there is vomiting, by the bowel.

Ergot.
Use stomach-pump or tube, or empty the stomach by a mustard

or sulphate of zinc emetic, or give a subcutaneous injection of
apomorphine. '

•

Give a purgative, such as a drop of croton oil, and assist its

action by plenty of warm drinks.

Tannin and gallic acid have also been iTcommended, but are
probably of but little use.

After the bowels have well acted, and the stomach has been
emptied, give small doses of opium at intervals.

I)r. Murrell recommends l-50th of a grain of nitro-glycerine
every fifteen minutes.
The recumbent position is necessary, and the circulation

should be maintained by warmth, and, if necessaiy, by friction.

Erytiiropiilein.—See Digitalis.

Ether.—The same treatment as with Ciilorofobm.

EvoNYMix.—See Digitalis.
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Fungi.—See Mushrooms.

Gelseminine.
If seen soon after taking the dose, use the stomacll-pump or

tube, or give a tablespoonful of mustard.

Administer a small dose of atropine subcutaneously, or give

by the mouth tincture of belladonna in 20-drop doses.

Stimulants are admissible.

If necessary, use artificial respiration.

Rouse the patient by the hot and cold douches.

Hemlock.—See Coniine—Oonium.

Henbane—Hyoscyaminb.—The sametreatment as forAtropine.

Hydrochloric Acid.—See Acids Mineral.

Hydrocyanic Acid.—See Prussic Acid.

Hyoscyamine.—The same treatment as for Atropine.

Empty the stomach by pump or tube, or administer emetics,

such as the hypodermic solution of apomorphme, or give by the

mouth mustard or sulphate of zinc.
.

Give plenty of starch diffused m warm water, or in the torm

of a dilute paste; or give any farinaceous substance whatever,

such as arrowroot, boiled rice, or flour, or thm gi'uel.

Inhalations of amyl nitrite have been recommended.

Pain may be reUeved by morphine or opium.

Jaborandi.—Treatment the same as Pilocarpine.

Laburnum Seeds—Oytisine.
Empty stomach by tube or pump, and wash it T^i^h

t^^^^^^

colfee, or give (as an emetic^ a hypodermic dose o/ fPomorplnn^

or (by the mouth) mustard or zinc sulphate; follow up this

treatment by an enema, or a brisk purgative

Stimulants may be administered, the patient may be rousea

by the hot or cold douche.

LAUDANUM.~See Morphine.

Laurel Water.—See Prussic Acid.
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Lead—Salts of.

Empty stomach by pump or tube, or administer subcutaneously

a dose of apomorpliine, 4 to 5 drops; or give by the mouth

a sulphate of zinc or mustard emetic. Follow up with half a

drachm of dilute sulphuric acid, or half an ounce of magnesic or

sodic sulphate.

Milk and albuminous fluids may be given.

Allay pain with opium or morphine. Treat colic with hot

fomentations.

Meadow Saffron.—See Colchicum.

Mercury—Salts of.—See Ooreosive Sublimate.

Monkshood.—See Aconite.

^loRPHiNE

—

Opium—Laudanum and 2^fsp<^i'ations in ivhich the

Opium Alkaloids predominate.

If taken by the mouth, empty the stomach, but, if taken by
liypodermic injection, this would be useless. The stomach in

opium-poisoning is best relieved by the pump or tube, and
should then be well washed out with hot cofiFee, leaving in the
organ a pint or more. If the stomach-pump or tube is not at
hand, a large subcutaneous dose of apomorphine, (say 10 minims)
may be given, or mustard or zinc sulphate, but there may be
difl&culty in obtaining vomiting from any emetic.

Attempt to rouse the patient by the battery, if at hand; by
flips with a towel, and by shaking. In all books will be found
the usual direction that you are to keep walking the patient
about; but this treatment is questionable, and likely to favour
the toxic action of morphine on the heart.

Ammonia may be applied to the nostrils.

Hot coff"ee may also be introduced into the bowels by an
i nema apparatus, or by a simple tube.

The alternate cold and hot douche to the head is good, but
the body should be kept warm with hot wraps.
Small subcutaneous doses of atropine (say l-20th of a grain)

may be administered, repeating the dose every twenty minutes,
!ind watching the effect.

If necessary, apply artificial respiration.

Inhalations of nitrite of amyl have been used.

Muscarine.—See Mushrooms.

Mushrooms—Muscarine—Poisonous Funoi Generally.
Empty stomach by stomach-pump or tube; or give a sub-
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cutaneous dose of apomorphine, or administer by the mouth,

either mustard or zinc sulphate.

Inject as soon as possible a subcutaneous dose of 2 to 4

drops of the solution of atropine
;

or, after the stomach has been

emptied, give tincture of belladonna every half-hour, in from

20 to 30-min. doses.

It is equally important to remove the remains of the fungi

from the intestines, and for this purpose it is well to give a

dose of castor oil, and to use an enema.

Stimulants may be given. The body should be kept warm.

Neriin.—See Digitalis.

Nicotine—Tobacco.

Unless the stomach has been already emptied by voniitmg,

use stomach-pump or tube, or give an emetic of mustard and

plenty of water.
„ ^ , • / i .t^u

Inject subcutaneously a small dose of strychmne (say l-2.oth

of a grain of the nitrate), or give half-a-drachm of tincture of

nux vomica.
, . v •

Stimulants, such as brandy, chloric ether, &c., may be given.

Keep the body warm, but the cold douche may be applied to

the head. . . x •

Tannin and vegetable infusions containing tanmn may also

be given, but it is questionable if they are of much use, unless

any remnants remain in the stomach.

Keep the patient lying down for fear of fatal syncope.

Nitre—Nitrate of Potash.

Empty the stomach immediately by the pump or tube, or

oive a subcutaneous dose of apomoi-phine (from 2 to 3
/rops),

or administer by the mouth a tablespoonful of mustard, or a

scruple of sulphate of zinc.
, r

Dilute the poison, and attempt to wash it out of the system

bv eivincr plenty of water or mucilaginous di'inks.
^ ,

Appl/hot fomentations to the loins, and keep the patient as

™mXSthat are likely to increase the kidney congestion

are to be avoided. , ,

Inhalations of nitrite of amyl have been recommended.

Nitric Acid.—See Acids Mineral.

""ZpfyXlmach at oaoe by the =tomach.pmp or tube, and
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wash the organ out with plenty of warm water, to which
advantageously a little spirit may be added; or give emetics,
such as zinc sulphate or mustard.
Administer stimulants, either by the stomach-tube, as an

enema, or by subcutaneous injection.

Keep up the respiration artificially, if necessary, and maintain
the heart's action by application of weak, interrupted shocks to
the chest-wall, by means of the battery.

Rouse the patient by the douche.
Atropine subcutaneously has been recommended.

Nitrous Oxide Gas.
The treatment is the same essentially as for chloroform

(which see).

Inhalations of oxygen may do good, but oxygen is very rarely
at hand.

Nux Vomica.—See Strychnine.

Oleandrin.—See Digitalis.

Opium.—See Morphine.

Oxalic Acid—Binoxalate op Potash—Sodic Oxalate.
Unless the patient has already vomited freely, empty the

stomach at once by emetics of zinc sulphate or mustard; or the
stomach-pump or tube may, in most cases, be used. If the acid
lias been taken, neutralise by chalk, lime water, or, better by
saccharated lime water; but on no account neutralise by carbonate
of soda or any alkali, for the alkaline oxalates are extremely
poisonous.

Assist elimination by the kidneys by giving plenty of water-
apply hot fomentations to the loins.
An enema may be given, if necessary, to empty the bowels

well.

PiiospnoRous.
Empty the stomach by tube or pump, and, at the same time

wash the organ out with water to whicli has been added a drachm
of French turpentine, or give emetics. The best emetic for
I'hosphorous IS said to be sulphate of copper, 4 or 5 grains dis-
"Ived in water, and given every ten minutes until vomitin^ is
produced. *

mustar'd
sulphate of copper, then sulphate of zinc or
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Give half-drachm doses of turpentine, floating on water or on

mucilage, every half-hour. Inhalations of turpentine vapour,

much diluted, are also of service. The American and German i

turpentines are said to be of no avail. Probably, the turpentme ?

will freely purge the patient; but, if not, the bowels should be ?

opened by a suitable purgative, such, for instance, as magneslc ?

sulphate.

Physostigmine.—See Oalabar Bean.

PiCROTOXIN—COCCULXJS InDICUS.

Use stomach-pump or tube, or empty stomach by usual emetics

—e q mustard, zinc sulphate, or apomorphine, subcutaneously.

Chloral, in doses of from 10 to 20 grains, may be given

every half-hour to allay or prevent tetanus, the efi'ects bemg, ot

course, watched. For the same purpose bromide of potassium has

been recommended. In severe cases, it may be combined with

chloral, 1 drachm of the bromide with 20 grains of chloral.

^
The'^best^treatment is a subcutaneous dose of a,tropine (say .

l-60th of a grain), or tincture of beUadonna by the mouth m
20 minim doses, to be repeated every twenty minutes until the

pupils dilate.

Potash.—See Alkalies.

^ mrstomalpnmp or tube, or, if not at hand, an emetic of

""TltX^S^ IfSopped, try artiioial respiration a.d

"wot^i^'Satropine subcutaneously is recom-nended

to assist the heart's action. . ,

A brandy enema may be given, or brandy injected undei tn

'^¥he body must be kept warm, but the cold douche may be

advantageously applied to the head.

Salts of Sorrel.—See Oxalic Acid.

n the patient has not already emptied the"^^^X"^
vomiting; and the throat is not inflamed, use the stomacn p
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or tube, and wash the organ out with water, or give any one of

the usual emetics—such as mustard, sulphate of zinc, or ipeca-

cuanha.

If the bowels have not acted well, give a dose of castor oil;

allay pain with small doses of morphine.

SciLLAiN.—See Digitalis.

Snakes—bite of.

Suck the wound, and apply an alkaline solution of perman-
ganate of potash.

In severe cases of cobra poisoning and other extremely
venomous snakes—death threatening, the only likely means of
saving life would be bleeding at one arm and transfusing blood
by the other.

Ammonia may be given by the mouth, and also smelt.
In cobra poisoning and venoms which kill mainly through the

respiration, the breathing must be kept up artificially; and, should
there be signs of the heart failing, weak, interrupted galvanic
shocks may be applied to the walls of the chest.

Lacerda's plan of injecting permanganate of potash under the
skin, is not alone useless but mischievous, for it takes up time
which might be more valuably employed.

Soda Caustic.—See Alkalies.

SOLANXNE— SOLANUOM DULCAMARA—BiTTER SwEET—^WOODY
Nightshade. — The same treatment as for Atropine
(which see).

Stramonium.—The same treatment as for Atropine.

Strophantin.—See Digitalis.

Strychnine—Brucine—Nux Vomica.
Empty the stomach as quickly as possible by an emetic of

mustard, or zinc sulphate, or by a hypodermic solution of apomor-
phine (4 drops).'

The stomach-pump or tube inadmissible; for, if tetanas is
present, it cannot be applied; or, if absent, it is likely to excite a
spasm.

Place patient at once under chloroform or ether, and keep up a
gentle narcosis for several hours, if necessary.
Darken the room, stifle all noise; if in a town, and opportunity



670 POISONS : THEIR EFFECTS AND DETECTION. [§ 805.

permit, have straw or peat placed at once before the house to <

deaden noise.

If the spasms threaten the respiration, artificial respiraUon is i

absolutely necessary; and, to facilitate this, it would be justifiable,

in a dangerous case, to perform tracheotomy, of course under

chloroform.

Chloral may be given in place of chloroform, but the latter is

best; the dose of chloral should be, at least, half-a-drachm, and if

no effect is produced in half-an-hour, then doses of 20 grams

should be given at intervals of a quarter of an hour.

If neither chloroform nor chloral is at hand, the juice from a

recently-smoked pipe may be diffused in a little water and a fewi

drops injected subcutaneously, and the effect watched. If there

is a marked improvement the treatment may be persevered m.

Bromide of potassium in combination with chloral has been.i|

recommended.
Nitrite of amyl inhalations are said to be of use.

_

Curarine in a subcutaneous dose of one-third of a gram is 4

antagonistic so far that it paralyses the voluntary muscles.

Sulphuric Acid.—See Acids, Mineral.

Tartar Emetic—See Antimony. 1

Tartaric Acid.—The same treatment as for Oxalic Acid

{ivhich see,).

Thevetin.—See Digitalis.

Tobacco.—See Nicotine.

Turpentine.
i

• •
4. 4.1,0 ,,c,iql

Empty stomach by tube or pump, or administer the usual

emetic^^such as mustard, or sulphate of zmc, or ipecacusmh^ or

give hypodermically 3 or 4 drops of the solution of apomor

^^If^purging is not already present, empty the bowel by enema:

give plenty of water and demulcent drinks to aid elimination by

kidneys. .

Apply hot fomentations to the loins.

Allay pain with opium or morphine.

VeRATRINE. , . „ „„.^ nriP of the

Empty the stomach by the tube or pump or gn
g^^^^^a.

usual emetics-such as mustard, or zinc sulphate, 01 ipecacuanu
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Keep the patient lying down.
Stimulants may be administered.
An enema of hot coflfee has been recommended.
Keep the body warm with Avraps, hot blankets, &c.

White Precipitate.—The same treatment as for Corrosive
Sublimate.

"Wasps, Bees, Hornets—sting of.
An onion immediately applied to the part stung is a favourite

popular remedy; but ammonia is better.
Extract the sting, if it remains in the wound.
Give stimulants, if necessary.

Zinc.

The only salt likely to cause poisonous symptoms is the
chloride, which is used in the arts, and is the active principle of
Burnett's disinfecting fluid.

Stomach-pump or tube inadmissible. Give plenty of waterm which carbonate of soda is dissolved; or, if that is not at hand'
carbonate of potash.
Eggs and milk should also be given.
Solutions of tannin, strong tea, and the like, also, to some

extent, neutralise the poison.
The pain in the abdomen is to be allayed in the usual way—byHot iomentations and small frequent doses of morphine or opiuni

DOMESTIC READY REMEDIES FOR POISONING.

§ 806. Large households, more especially those in which no'one possesses any special medical knowledge, would do well tofiirnish an antidote cupboard, for use in cases of emergency.Ihis cupboard may contain :— * ^
(1.) The Multiple Antidote, which consists of saturated solutionof sulpha e of iron 100 parts, water 800, magnesia 88, animalcharcoal 44 parts. It is best to have the animal charcoXrd

TcTT?:
,*«g«ther in the dry state and kept in a wSlSI nf '''^T^-

saturated solution of

aS£' 'I T"""'^ "^S^^^ ^"Ik of water

stiiin. 'I'^'^'i. f'^d ^^g"««ia added with constantstimng. The multiple antidote may be given in wine-elassfuldoses, frequently repeated, in poisoning by%rsenic. zhic'l^pium.
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digitalis, mercury, or stryclmine; it is of no use in phospliorous ^

poisoning, or in poisoning by the caustic alkalies or antimony.

(2.) Calcined Magnesia, for use in poisoning by acids.

(3.) French Turpentine, for poisoning by phosphorous.

^
(4.) Powdered ipecacuanha in a well-corked 1^0^^?%*^^^^°^'

containing a small piU-^ox which is cut down - that whenftmi

it contains 30 grains-the proper dose as an emetic A similar

small supply of sulphate of zinc may also be provided.

(5.) A tin of mustard.

(6.) A bottle of vinegar.

If then, provided with such a supply, any member is kuown

to hkvHaken poison, and yet the Precise poison xs not kno^'

P?ve a sulphate of zinc or ipecacuanha emetic, and follow it up by

the multiple antidote, which is in itself not poisonous.

If Phosphokous has been taken, then give the French tuiTentine.

as directed under phosphorous (p. 667).

If Acids, neutralise by the calcined magnesia-(see Acids-

mineral, pp. 656, 657).

If Alkalies, neutralise with vinegar-(see Alkalies, p. 657).
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335.
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341.
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,, —Liniment, 333.

,, —Ointment, 333.
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Aconitine, 333.
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cyanide of potash, 467.
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phospho-molybdate pre-
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>) —Decomposing action of
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, , —Effects of, on animal life

generally; birds, blow-
fly, fish, frogs, insects,
mammals, 340-342.

„ —Man, 343.

„ —Lethal dose of, 343, 344.
,, —Precipitate with gold

chloride, 248.

)) —Precipitate with Mayer's
reagent, 247.

,, —Separation of, 349-351.

" ,> in Dragendorfl"s
process, 226.

,, —Symptoms produced by,
345, 346.

>i —Physiological action of
348.

5 > —Post-mortem appearances
349.

>) —Treatment of poisonino-

... by {Appendix), 657.
"

Aconitmes in commerce, 335, 336
Aconilumferox, 333.

—Napellus, 333.
Acquetta di Napoli, 11,

)i di Perugia, 11.
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Adonidin, 416, 417.

^sculin—Whether identical with

saponin, 329.

JEtliusa Cynapium, 439.

Aqaricus Panihermus, 398.

Phalloides, 397, 398.

„ case of poisoning

by, 398.

post-mortem ap-

pearances in,

398.

Buher, 398.

Agaiythrine, 398.

Ages of a million people accidentally

poisoned, 33.

Albers on poisoning by conime, 255.

Albiimen—Action of carbolic acid

on, 152.

—Coagulation of,by coniine,

• 258.

in urine, after the inges-
'

tion of carbolic acid,

71.

Alchid Becher, 5.

Alcohol amylic, 126.

—Poisoning by, 126.

—Tests for, 127.

ethylic, 121-126.

as a solvent lor free
''

sulphuric acid, 69.

—Detection of, 126.

in chloroform, 134.

—Excretion of, 125.

—Fatal dose of, 122.

—Poisoning by, 122.
" —Statistics relative

to (Tables I., II.,

and III.), 30-32,

33, 121.

—Symptoms of

poisoning by, 123.

—Post-mortem ap-

pearances after

poisoning by, 124.

—Treatment {A})-
" pendix), 657.

Aldehyde—Detection of, in chloro-

form, 132.

Alexander VI., 7.
. _

Alexandrian school of medicine, 7.

Algerian opium, 267^

All Ahmed's "Treasures of Desert,

562. •

Alkali albuminate, 97.

Alkalies, caustic, 89-100.

Alkalies, caustic—Effects of, on
animal and vege-

table life, 97.

—Eixed, estimation

of, 100.

—Local effects of, '

97.

J J
—Post-mortem ap-

pearances after

poisoning from, .

98.

J,
—Symptoms in poi-

soning from, 98.

—Treatment of

poisoning by (Ap-

pendix), 657.

Alkaloids —Classification of, 27.

—Colour reactions for

(Table), 240.

J
—Identification of^ 240.

by orcranio

analysis, s

245.

,,
—Melting points of, 242.

—Methods of obtaining,

sulphates of the alka-

loids, 247, 248.

—Sublimation of, 240-245.

Allen's method of analysing carbolic .

acid powders, 170.

Alloxan as a test for coniine, 251.

Almonds,bitter- Content of, in hydro-

cyanic acid, lib.

_Oil of, 171.

—Poisoning by, 193.

Aloetin—Separation of, by benzene,

227. , . .

Alum, burnt—Statistics of poisoning

by (Table III.), 32.

Amanita viuscaria, 394, 395.

—Case of poison-

ing by, 395.

Amanitine, 397.
—Carbon and nitrogen,

" percentage ofi 246.

—Compound with goUi

chloride, 248.

Amblard and Grassct's study of con

vulsions produced by morphme m

the mammalia, 283.

American overland cloth as a possiOK

source of lead, 565.

Ammonia, 89-95.
_ ,

—Action on anmials aim

man, 92.

I
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Ammonia—Action on plants, 92.

and hypochlorite test for
carbolic acid, 163.

—Carbonate of, 90.

—Compound liniment of,

90.

—Estimation of, 95.

—Poisoning by, 91.

Statistics
of (Table I.), 30-37.—Post-mortemappearances

in poisoning by, 93.
—Properties of, 89.

—Salts of, tests for, 110.
—Separation of, 95.

—Statistics relative to
poisoning by, 90.

—Symptoms of poisoning
by, 91.

—Uses of, 90.

—Vapour poisoning by, 91.

,, Chronic
effects of, 91.

Ammoniated mercury, ointment of
601.

Ammonic cyanide, 193.
Amphibia, poisonous, 445.
Amygdalin, 177, 178.
Amyl alcohol, 126, 127.
Anacardia orientalia, blistering oil

from, 454.

Anassthesia from ether, 129.
Aneesthetics, law as to, 21.
Anatomical knowledge of the an-

cients, 7.

Anderseck—Case recorded
death from the external
corrosive sublimate, 612.

Anemone, oil of, 454.
Anglada, J.—Work of, 17.
Anglo-Saxon horror of poisoning, 9.
Anhydrides of organic acids, 28,

422-425.

•Aniline, 115.

as a test for chloroform, 138.
conversion into nitro-ben-

zene, 116.
form of precipitate with phos-

pho-molybdic acid, 222.
method of extraction from

tissues, 175.

produced by nitro-benzene,
173.

—Separation of by ammoni-
acal petroleum ether, 234.

by,

use

Antiarin, 413, 414.

—Effects of, 414.

,, —Separation of, 414.

,, —Treatment of poisoning
by (Appendix), 663.

Antidote bag (Appendix), 655.

,, cupboard ,, 671.

,, multiple ,, 671.
Antidotes, 654-672.
Antimonial powder, 546.

,, wine, 546.
Antimonious sulphide, 544.

)) ,, mistaken for
manganesebinoxide,545.

Antimoniuretted hydrogen—Action
of on sulphur, 556.

Antimony, 544-558.

,, —Alloys of, 549.
—Chloride of, 547.

M ,, effects of,

554, 555.

!> — Chronic poisoning by,
552.

J, —Detection of inorganic
matters, 555.

,, —Dose of, 550.

„ —Diaphoretic, 549.
,, —Elimination of, 554.—Ethiops of, 548.

—Flowers of, 549.
—Glass of, 549.

,, mirrors, how to distin-
guishfromarsenical,526.

,, oxide, 546.

_ ,, —Effects of, 550.
,, in lozenges, 551.

,, pentasulphide, 545.
„ vapour, effects of, 550.
J, —Post-mortem appear-

ances after poisonino-
by, 553.

*

—Quantitative estimation
of, 557.

„ —Statistics of criminal
poisoning by, 36.

,, —Sulphurated, 547.
,, —Tartratcd, 545.

'> —Treatment of poisoning
by (Appendix), 658.

—Yellow, 550.
Aphjskn, 3.

Apocodeinc, 266.
Apocynin, 416.

—Treatment of poisonine'
by, 663.

^
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5)

Apomorphine hydrochlorate as an

emetic (Appendix), 655.

Apomorphine—In list of opium alka-

loids, 266.

—Properties of,301,302.

Apopseudaconine, 334.

Apple-trees—Effects of nitric acid

fumes on, 82.

Aqua lauro-cerasi, 177.

orientalis, 593.

Aqua toffana, 11.

Aratus, 4.

Argonauts—Expedition of, 1.

Armstrong's " Black drop," 272.

Arnold-Case related by, of death

from prussic acid, 1 80.

Aromatic sulphuric acid, 58.

Arrow poison, 385.

„ of the Greeks, 4.

Arsenites—Reactions of, 523, 524.

Arseniate of iron, 501.

Arsenic, 494-544.

—Conversion of, into arsenO'
" molybdate, 540.

—Detection of, 522.

ia antimony
sulphide, 545.

—^Donovan's solution of, 501.

—Dose of, 505.

eaters, 509.

—External application of, for

sheep, 503.

—Imbibition of, by dead

animal tissues, 531, 532.

in organic matters, 535.

in the arts, 499, 500.

—Iodide of, 499.

Law relative to sale of, 505.

manner of introductiou iuto

the system, 509.

—Marsh's test for, 524.

precautions, 525.

—Metallic, 494.

—Oxidation of, and precipi-

tation by magnesia mix-

ture, 539.

—Pharmaceutical prepara-

tions of, 500, 501.

—Physiological action of,521.

—Statistics of poisoning by,

30-32, 37.

Trisulphide solution ot m
ammonia, and subsequent

titration by iodine, 539.

—Sulphides, 499.

> >

5)

3)

> )

Arsenical earth, 530, 531.

Arsenical poisoning — Absence of

symptoms
in, 516.

,, —Acute form
of, 512, 513.

J
, —Antidote and

treatmentfor
522.

,, —Changes in

the guUet,

517-519.

—Changes in
" the intestines

after, 517.

—Changes in

the liver,517.

J,
—Changes in

" the stomach,

517-519.

—Forms of, 512.

—Nervousform
of, 515.
—Post-mortem

appearances

after, 517.

J J
—Post-mortem,

" appearances

ia man, 518,

519.

—Treatment
658.

,,
ptomaines, 464-466.

quack medicines, 501.

,, slow poisoning, 516.

„ soaps, 503.
.

veterinary mediernes, 0U-.

wall-papers, 512, 532.

Arsenicalis liquor, 500.

_

Arsenious acid, 494, 495.
_—Effects ofon animals

—on annelids—on

birds — mammals,

506-508.

—Effects of, on man,

508, 509.

—Effectsof, on plants,

505.

—Reactions of, 5-3,

524.

—Solubility of, 49o.

Arsenites—Reactions of, 523.

Arseniuretted hydrogen (see arsine).

Arsme, 495, 496.

„ —Caseofpoisonmgby,49/,4aa.
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Arsine—Conversion of, into arsenic

chloride, 542-544.

,, —Effects of, on animals, 497.

,, —Evolution of, by the action
of sodium amalgam, 537.

,, —History of discovery of , 15.
•—Evolution of, in the arts,

496, 497.

Arterial pressure, 44.

, , —Rise of in poison -

ing by neutral

salts of the
alkalies, 102.

Arteries—Contraction of, in poisoning
by ergot, 433.

Arthralgia, a result of lead poisoning,

569.

Artificial respiration—Apparatus for,

42.

Asiatic knowledge of jjoisons, 5.

Asparagin—Percentage of carbon and
nitrogen in, 246.

Aspidosamine, 328.

Aspidosperma quebracho, 328.

Aspidospermatine, 328.
Atropa belladonna—Description of,

352.

Atrophy—Yellow, 'of the liver, 212.
Atropine, 352-364.

,, —Accidental and criminal
poisoning by, 358, 359.

,) —Action of on animals,

359, 360.

, , —A ction of, on frog's heart,

44.

,, —Action of, on man, 360,
361.

,, —Antagonistic to musca-
rine, 396.

,, —Antagonistic to physos-
tigmine, 379.

) , —Chronic poisoningby, 362.

,, delirium, 361.

I, —Diagnosis of poisoning
by, 363.

.,, —Fatal dose of, 359.

,, —Gold chloride compound
of, 248.

,, like ptomaine, 462.

), —Mayer's precipitate of,

247.

,, —Pharmaceutical prepara-
tions of, 354.

)i —Physiological action of,

on the eye, 356, 357.

Atropine

—

Post-mortem appearances
in cases of poisoning by,

363,

,, —Properties of, 355.

,, —Separation of
,
by ammoni-

acal benzene, 235.

,
, —Separation of ,from organic

matters, 363, 364.

,, —Separation from the urine,

364.

,, —Statistics of poisoning by,

32, 33, 357, 358.

,, —Subliming point of, 355.

—Tests for, 356.

, , —Treatment of poisoningby,

363 ; and Ajjpendix, 659.

Attains Phylometer, 2.

Austra-terebenthene, 117.

Bacilli—Cultivation of, 51.

,, of anthrax, 51.

,, in meat—Bad effects of, 471-

475.

Bain de Tcrsier, 503.

Ballard, Dr.—Report of disease from
sausages, 477.

, , —Report on the Notting-
ham and Welbeck out-
breaks, 471-475.

Bamberger on albuminuria, in cases
of poisoning by sulphuric acid, 71.

Bandlin, 0.—Work on poisons by, 17.

Barium, 642-647.

,, —Carbonate of, 643.

—Chloride of, 643.

,, —Salts of, effects of, on
animals, 644.

,, —Salts of, effects of, on
man, 644,645.

,, —Fatal dose, 645.

,, —Limit of toxicity, 38.

—Poisoning by, 2)os<-mo?-te7?i

appearances in, 646.

1, —Symptoms, 645, 646.
Barium salts—Separation of, from

organic solids and
fluids, 646, C47.

Baroptic estimation, 248, 249.
Barth on sodic nitrite, 104.
Barth(51(5my d'Anglais, 14.

Battle's vermin-killer, 309.
Baudens aud Quesnoy—Calculationof

deaths from chloroform, 135.
Baume fiovarenii—CLiSQ of death

from, 36.
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Baxt on the action of papaverine on
the frog's heart, 299.

Baxt on the action of thebaine, 300.

Baynard, Henri—Workon toxicology,
17.

BedcToes on the action of digitalis on
the pulse, 409.

Bees—Poison of, 448.

,, —Sting of, treatment (^p^pendia;)

671.

Belgian commission—Report on acid

emanations, 76.

Belladonna, 352-364.

,, —Leaves, poisoning by,

358.

—Pharmaceutical pre-

parations of, 354.

—Statistics of poisoning

by, 30, 31, 36.

,
, —Treatment of poisoning

by (Appendix) 659.

—Yield of atropine from,

353.

Bellini, Ranieri—Work on toxicology

by, 17.

Bembo—Case of poisoning by nitnc

acid, recorded by, 84.

Bennet—Case of poisoning by coniiue,

related by, 254.

Benzene, 115.

,, —Detection and separation

of, 116.

—Statistics of poisoning by,

31, 32.

„ —Tests for, 116.

—Treatment of poisoning

by [Appendix] 659.

—Vapour, effects of, 115.

Benzoic acid, as the result of saponi-

fying aconitine, 336.

Benzo-Isonitrile, as produced in test-

ing for chloroform, 138.

Benzol (see benzene).

Benzoline, 111.

Berberine—Gold chloride, 248.

,j
_Phospho-molybdate,222.
—Separation of, by ammon-

iacal benzene, 228.

Bergeron and L. Hote's examination

ofbodies for copper, 579.

Bergmann—Work on poisons, 15.

Bernard, Claude—On different effects

of morphine and codeine, 295, 296.

Bernard, Claude—Effects of narceine,

297.

Bernard, Claude—Effects of papaver-
ine, 299.

,, ,, —Views of the com-
position of gastric

juice, 75.

Bernhardt on poisoning by carbon
disulphide, 150.

Berthollet, 15.

Bertrand, C. A. R. A.—Work oa
poisons, 17.

Berzelius' test for arsenic, 523.

Betaiae—Percentage of carbon and
nitrogen, 246.

Bibra and Schuchardt— Action of

phosphorus on the blood, 207.

Bichromate disease, 637, 638.

Bidder's experiments on cm-arine, 386.

Bile—Content of, in salphm-, 72.

Bilh'oth on death from chloroform,

137.

Binnendijk on the separation of car-

bolic acid, 162.

Binz, C—Experiments on effects of

potassic chlorate, 107.

,, —Work on poisons, 17.

Binz's theory ofthe action ofarsenious

acid, 521.

Bird, C. —Case ofpoisoning by aconite

alkaloids, reported by, 345.

Bismuth, 587-592.

,, —Carbonate of, 588.

,, —Citrate of, 588.

,
, —Estimation of, by potassic

bichromate, 591.

„ —Extraction and detectioa

of, 589, 590.
_—In the arts, 588.

—Lozenges, 588.

,, —Medicmal dose of, 5S9.

,, —Oxide of, 587.

,
, —Subnitrate of, 587-

—Sulphide of, 587.

,, —Toxic effects of, 589.

—Valerianate of, 588.

Bismuthic potassic iodide, 221.

Bisulphide of carbon, 149-151.

Black drop, 272.

Black lotion, 600.

Blau-'s gout pills—Poisoning by, 392.

Blake's experiments with j)russic

acid on animals, 182.

]31ois—Case of hellebore poisoning,

related by, 376.
.

Blondlot's apparatus for evolution ot

phosphine, 215.
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Blondlot's experiments on the nature

of the acid of the gastric juice, 75.

Blood—Action of ammonia on, 95.

,, ,, nitro-benzene on,

174.

,, ,, phosphine on, 207.

,, potassic chlorate

on, lOS.

,, ,,
prussicacidon,186.

,, ,, sodic and potassic

salts, 102.
_

,, ,,
sulphuric acid on,

62.

,, and blood-spots—Examination
of, 648-654.

,, corpuscles—Measurement of,

653.

,, —In poisoning by sulphuric

acid, 62.

,, —Separation of strychnine
from, 321.

,, —iSodic and potassic salt in

different proportions indiffer-

ent animals. 653, 654.

,, —Solubility of phosphine in,

209.

„ •—Treatment of, in Dragen-
dorff's process, 225.

Bloxam's galvanic process for the

detection of arsenic, 533.

Blue pigment in the urine, after

taking carbolic acid, 161.

Blue pill—Composition of, 598.

Bocarme, Count — Poisoning of M.
Fougnies by, 259.

Bocker, F. W.—Work on poisons, 17.

Boeck —Work on poisons, 17.

Bohm on action of barium salts, 644.

,, —Case of mental diseasethrough
chloroform, recorded by, 138.

,, —Case of contraction of the
gullet through caustic alkali,

recorded by, 98.

,, —Work on heart-poisons, 341.

,, —Work on poisons, 17.

Boerhave's odontalgic essence, 273.

Bois—Case of poisoning by subcu-
taneous administrati(jn of strych-
nine, recorded by, 311.

Boleyn, Anne, 12.

Bones—Action of pliospliorus on, 206.

,, —Arsenic in, 531.
Bonfanti, Tarchioni—Chronic poison-

ing by cantharides, related by,
451.

Borax solution—Use of, in disaoMng
out hffimatin from blood, 648, 649.

Bostrom's experiments on the moreUe,

399.

Botts' analysis of samples of opium,

267.

Bouchai'dat - Case of poisoning by
jjhosphorus, related by,

204, 205.

—Extraction of morphine
from the urine by, 292.

Boussingault's observation of a sul-

phuric acid stream, 58.

Bowman's pathological specimen,

illustrating effects of hydrochloric

acid, 79.

Boyle, Hon. Robert, 14.

Braccounot on the gastric juice, 74.

Brain—Attraction for alcoliol of the, .

125.

Brame, D. — Antiseptic effects of

prussic acid, 187.

Brande, 16.

Brass—Bronzing of, 509.
" Bravo " case of poisoning, 552.

Briande and Chaudd's work on
poisons, 17.

Brighton green, 582.

Brinvilliers, Madame de, 12.

Britannia metal—Composition of, 549.

Brenner on chronic poisoning by
phosphine, 208.

Britannicus, death of, 7.

Brodie, Sir Benj.—Experiments on
action of arsenic

on rabbits, 515.

,, ,, Experiments on
action of baric

chloride, 643.

Bromiae test for carljolic acid, 164.

Bromo-picrotoxin, 435.

Bronchitis—Improper administration
of opium in, 290.

Brouardel and IJoutmy's test for

ptomaines, 467.

Brouardel andL'Hote's case of poison-
ing by potassic chlorate, 106.

Brown, Crum, and Fraser—On action
of methyl coniine, 252.

, , —On action of methyl strych -

nine, 324.

,, —On connection between
chemical composition and
toxic action, 37.

Brucine, 324-328.
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Bnicine—Phosplio-moly'bclate of, 222.

„ —Precipitate by Mayer's re-

agent, 247.

„ —Properties of, 324.

—Salts of, 324.

, , —Short process of extraction,

23S.

—Separation of, by ammoni-
acal petroleum ether, 232.

—Separation of, from organic
matters, 327.

„ —Test for, 326, 327.

,, —Treatment of poisoning by
(Appendix), 669, 670.

Brunner — Injection of phosphorus
into the veins by, 201.

Brunswick green, 582.

Brunton, T. L.-—Lever for registering

and exhibiting graphically action

of heart, 44.

Buchanan— Case of ether-poisoning

recorded by, 128.

Buchner, C. A.—Case of poisoning by
nitric acid recorded
by, 84.

—Case of mania pro-

duced by chloro-

form, 138.

Buchner, E., 17.

Buchwald—Case of poisoning by
agaricus ruber, 398.

Burgundy, Duke of, 8.

Burkart—Case of poisoning by chloro-

form related by, 133.

Burnett's fluid, 621.

,, —Case of death from,

624, 625.

Busscher, A.—Case of poisoning by
aconitine related by, 345-347-

Butler's vermin -killer, 309.

Butter of antimony (see antimony

chloride).

Butyric acid produced by the oxida-

tion of coniine, 252.

Bynssen—Experiments on the elimi-

nation of mercury, 615.

Cadaveric rigidity in death from
alcohol poisoning, 124.

Cadmium, 558-560.

,, —Fatal dose of, 559.

,
, in the arts, 558, 559.

,, —Iodide of, 558.

„ —Limit of toxicity as re-

gards fish, 38.

Cadmium—Medicinal preparations
of, 558.

,, —Ointment of, 558.

,, —Oxide of, 558.

,, —Separation and detection

of, 559, 560.

,, sulphide, 558, 559.

Caillol and Livon—Experiments on
antimony oxide, 551.

Calabar bean, 377-381.

, , ,
, —Treatment of poisoning

by [Appendix), 659.

Calabarine—Properties of, 377.

Calomel (see mercurous chloride).

Calvert's carbolic acid powders, 153.

Camphor, 119.

,, —Compound liniment of,

120.

,, —Compound tincture o^

120.

,, —Liniment of, 120.

,, —Poisoning by, 120.

,, —Separation of, 121.

,, —Separation of, by petro-

leum ether, 121.

—Post-mortem appearances

in cases of poisoning, 120.

Camphora officinarum, 119.

Camphoric acid, 120.

Candles, arsenical, 530.

Cantharides, 448-454.

,, —Chronic poisoning by,

451, 452.

,, —Pharmaceutical pre-

parations of, 449.

—Poisoning hy, 450.

,, —Post-mortem appear-

ances in poisoning bj',

452.

,, —Statistics of poisoning

by, 30, 31, 36.

Cantharidin—Effects on animals, 450.

,, „ onman,450,451.

„ —Properties of, 449.

, ,
—Separation of, 45,3, 454.

,,
—Separation of, by ben-

zene, 227.

,, —Sublimingpointof,245.

—Tests for, 452, 453.

Caoutchouc as a constituent of opium,

266.

Capsaicin—Separation of, by ammoni-

acal petroleum ether, 32, 226.

Capsicum seeds—Distinguished from

datura, 354.
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Carbolic acid—Assay of, 16S.

,, —Changes in urine pro-

duced by, 160.

,, —Colorimetric method
of estimating, 168.

,, — Effects on animals
;

fish, frogs, infusoria,

and warm - blooded
animals, 155, 156.

,, ,, —Fatal dose of, 154.

,, ,, —Internal administra-
tion of, 158.

,, ,, —Physiological action
of, 161.

,, ,,
—Post-mortem appear-

ances in poisoning by,
162.

,, ,, —Powders, assay of,

168, 170.

,, ,, —Properties of, 151.

)) )) —Quantitative estima-
tion of, 164.

,, —Separation of, by pe-
troleum ether, in

Dragendorff 's pro-
cess, 225.

,, ,, —Separation of
,
by the

urine, 160.

,, ,, —Soaps, 15,3.

,) ,, analysis of, 153-

170.

—Statistics of poison-
ing by (Tables I., II.,

III.) 30-.32, 33, 153.

)> )) —Symptoms of poison-
ing by, 156, 157, 159.

), ,, —Tests for, 163.
Carbon disulphide, 149-151.

,, —Chronic poison-
ing by, 149.

,, —Detection and
separation of,

1.50, 151.

,, —Effects on ani-

mals of, 149.

—Poisoning by,
149.

„ —Post-mortem
appearances iu
poisoning by,
150.

Carbon tetrachloride, 140.
Carbonate of soda, 97.
Carbonic acid gas — Statistics of

poisoning by, 36.

Cardan, Jerome, 14.

Carnelly — Action of solvents on
copper, 578.

Carotid artery—Exposure of, in the
rabbit, 45.

Carpet—Action of sulphuric acid on
woollen, 62.

Carry's process of freezing by am-
monia, 91.

Carrifere—Case of death from a prussic
acid enema, related by, ISO.

Caspei'—Case of poisoning by sul-

phuric acid, related by, 71.

,
, — Case of poisoning by verat-

rum, 376.

, , —On cadaveric rigidity in alco-

holic poisoning, 124.

, , —On lethal dose of colchicum,
391.

,, —On poisonous properties of
nitro-benzene, 171.

,, —Work on poisons, 17.

Cass, W. C. — Case of excessive
morphine-taking, recorded by,
291.

Cassarillin—Separation of, by ben-
zene, 228.

Cassava—Content of, in prussic acid,
178, 179.

Cassella, yellow, 550.
Cataplasma conii, 253.
Cativolcus, 4.

Cattle-poisoning by lead, 566.

,, in India, 5.

Cedrenes, 117.

Celandine—Extraction of, by chloro-
form, 238.

Cephalopoda—Influence of various
poisons on, 39.

Chalk and opium—Aromatic powder
of, 271.

Charles leMauvais, king of Navarre, 8.
Charles IX., 8.

Chelidonium—Percentage of carbon
and nitrogen in, 246.

Clierry laurel— Content of prussic
acid in, 178.

Che^vallier, A.— Work on toxicology,

Chittenden and Donaldson—Method of

^

estimating arsenic, 535.
Chiaje, S.—Work on toxicology, 17.
Children poisoned by opium, 275.
Ching's worm-lozenge, ()04.

Chloral hydrate, 141-148.
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Chloral hydrate—Action on blood,

143, 144.

—Antagonistic to

physostigmine,379-

—Antagonistic to

picrotoxia, 437.

—Chronic iDoisoning

by, 147.

—Depression of tem-
perature by, 143.

—Eifects on animals,

142.

—Effects on man,144.

—Fatal dose of, 144,

145.

—Manufacture of

chloroform from,

132.

—Properties of, 141.

—Seci-etion of milk
diminishedby, 143.

—Separation of, from
organic matters,

148.

—Statistics ofpoison-

ing by, 31, 32, 33

—Treatment of

poisoning by
(A2)2}endix), 660.

Chlorateofpotash—Poisoning by, 104.

Treatment of

poisoning by
(Appendix), 660,

666.

Chlorates—Test for, 110.

Chloride of gold, 221.

of zinc (see zinc).

Chlorodyne, 273.
. .

—Statistics of poisomng

by, 30, 31, 274.

Chloroform—Adiilteration of, 130.

—Alcohol as an impurity

of, 130, 131.

—AnaBsthesiaby, 136, 137.

—Chronic poisoning by,

137.

—Discovery of, 130.

—Detection and estimation

of, 138.

—Fatal dose of, 133.

—General effects ofliquid,

133. . ,

—Law against cnmmal
administration of, 21.

—Local action of, 132.

9>

Chloroform—Mania produced by, 138.

,, —Manufacture of, 132.

„ —Post-mortem, appear-

ances inpoisoning bythe
liquid, 138.
—Poat-mortem appear-

ances inpoisoning by the
vapour, 134.

J,
—Properties of, 130.

—Quantitative estimation

of, 139.

,, —Statistics of poisoning

by liquid, 132.

,, —Statistics of poisomng

by vapour, 135.

—Statistics relative to

poisoning by, 31, 32,

33.

J J
—Suicidal and crimmal

poisoning by, 135.

—Symptoms produced by,

134.
-

—Tests for, 130-138.

J
^ —Tests for alcohol in, 131.

Chloromethaue, 140.

Chloroxal-methyline, 493.

Christison, Sir Kobert—Auto-experi-
ments on the effects of

calabar-bean, 379.

—Case of external applic-

ationofopium,recorded

by, 288.
.—Case of poisomng by

" acid sulphuric, 60.

—Case of poisoning by
" laburnum, 372.

—Case of poisoning by

snuff, 260.

—Description of oxauc
" acid poisoning, 485.

—On poisonous dose of

" strychnine, 311.

—Work on poisons, 17-

Chromates andchromium—Separation
of, 640.

_0f lead,
" " death from,

639.

—Poisomng
by,63S-639

—Treatment
" " of poison-

iugby
(Appendw)
661.
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Chrome red, 563.

yellow, 564.

Chromic acid—Statistics of poisoning
by, 32, 33.

Chromium, 636-641.

, , compounds—E f f e c t on
animals, 637.

j> „ —Effect on
man, 637.

Ciaccio, Prof.—Experiments on pto-
maines, 466

Cicuta virosa, 438.
Cicutoxin, 438, 439.

,, —Effects on animals, 438.

3 J ,, man, 439.

,, —Separation of, 439.
Cinchonidine—Plat, chloride, 248.
Ciachoniae—Extraction of, by am-

moniacal benzene, 235,
237.

) ) —Extraction of, bychloro-
form, 239.

5, —Phospho-molybdate of,

222.

3> —Plat, chloride, com-
pound of, 248.

,, Precipitate, by Mayer's
reagent, 247, 253.

Cinnabar, 602.

„ —Dose for horses, 604.
Circulation—Changes in, j)roduced by

poisons, 43:

,, and respiration—Apparatus
for graphically represent-
ing, 48.

Cithagin, 411,
Claudius—Death of, from poison, 6.
Cleopatra—Death of, 6.

Clement XIX. and the court of
poisoners, 12.

Clothing-Action of sulphuric acid
on, 62.

Coal-tar creasote, 151.
Cobalt, 627-631.

,, —Estimation of, 630.

,, —Limit of toxicity for fish,

38.

,, —Salts, effects on animals,
628, 629.

» —On the circulation, 629.
>> —On the nervous system, 629.
,, —Separation from animal mat-

ters, 630.

)) —Action on striped muscle.
629.

Cobra—Poison of, 455-461.

„ —Chemical composition of, 455.

,, —Detection of, 459, 460.
Cobra poison—Effects of, on animals,

450.

>> „ onman,450,
451.

—Platinum comjjound
of the active principle,
455.

,, —Properties of, 455.
Cocaine, carbon and nitrogen, per-
centage of, 246.

Cocculus indicus, 434.

J I —Case of poisoning
by, 436.

)j ), — Treatment of
poisoning by {Ap-
pendix), 661.

Codamine, in list of opium alkaloids,

266.

—Tests for, 302.
Codeine, 266.

,, — Carbon and nitrogen, per-
centage of, 247.

,, —Effects of, 295.

)j —Lethal dose of nitrate, 325.
). —Phospho-molybdate, 222.

,, —Platinumcompound of,248.

, , —Separation of, by ammoni-
acal benzene, 236.

,, —Sleep, contrasted with that
produced by morphine,
296.

Colchiceine—Carbon and nitrogen,
percentage of, 246.

—Properties of, 388, 389.
, , —Colour reactions of, 389.

Colchicine, 387-394.

,, —Behaviour towards fer-

rid-cyanide of potash,
467.

,, —Carbon and nitrogen,
percentage of, 246.

, , —Colour reactions of, 389.
,, —Effects on animals pro-

duced by, 391.

;> —Extraction of by petro-
leum ether, 227.

,, —Phospho-molybdate of,
222.

—Precipitates of, 389.
—Properties of, 388.

)> —Separation of, from or-
ganic matters, 393, 394.
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Colchicum—Effects on man, 391, 392.

„ —Extract of, 390.

,, —Fatal dose of, 391.

—General symptoms of

poisoning by, 393.

„ —Pharmaceutical prepara-

tions of, 389.

,
, —Post-mortem appearances

in i^oisoning by, 393.

J J
—Quack and patent pre-

parations of, 390, 391.

seeds, 390.

„ —Statistics of poisoning

by, 30, 31, 36.

,, —Tincture of, 390.

,, —Treatment of poisoning

by, 661.

, ,
vinegar, 390.

,, wine, 390.

CoHc, as a result of lead poisoning,

569-574.

CoUidine—Behavioiir of, towards fer-

rid-cyanide of potash, 467.

,, as a constituent of tobacco,

261.

Colocynth—Statistics of poisoning

by, 31.
. .—Treatment of poisomng

by [Appendix], 661.

Colocynthin—Extraction of by petro-

leum ether, 227.

Colophene, 117.

Colour reactions of the alkaloids,

240.

Coma of epilepsy, 290.

Conhydrine, 252.

,, —Carbon and nitrogen,

percentage of, 246.

Coniferoe—Action of acid vapours on,

82.

Coniine, 250-255.

,, and nicotine— Distinctive

tests for, 258.

„ carbon and nitrogen— Per-

centage of, 247.

„ —Discovery of, 16.

—Effects on animals of, 258.

,', —Effects on man of, 254.

—Fatal dose of, 254.

„ —Methyl, 252.

—Pharmaceutical prepara-

tions of, 252.

,,
_Pho8pho-molybdatcof,222.

J,
—Physiological action of,

254.

Coniine—Platinum compound of,248.

,
, —Post-mortem appearances

in poisoning by, 254.

,, —Precipitating agents for,

251.

,, —Properties of, 250, 251.

,, —Ptomaine resembling, 464.

,, —Salts of, 250, 251.

,, —Statistics of poisoning by,

253.

,, —Treatment of poisoning by
(Appendix), 661.

—Value of Mayer's precipi-

tate of, 247.

Convulsives, 25.

Cooke Barrington-Case of poLsoning

by antimony chloride, recorded

by, .555.

Copper, 578-587.

,
, —Ancient knowledge of, 4.

,, as a normal constituent of

animal and vegetable or-

ganisms, 579.

—Chronic poisoning by, 584,

585.

,, —Detection and estimation

of, 585.

,, in animal matters, 586.

,, in water, 585.

—Effects of, on animals,_582.

,, in articles of food, 580, 581.

,, in the arts, 581.

,
, in wheat, 580.

—Limit of toxicity of, 3S.

—Medicinal dose of, 582.

—Medicinal preparations of,

581.

,, —Oxide of, 578.

J

, —Poisonous dose of, 582.

—Post-mortem appearances

in poisoning by, 584.

—SolubUity of, in various

fluids, 578, 579.

—Statistics relative to \wson-

ing by, 30, 31, 33, 36.
.

—Sulphate, acute poisomng

by, 583.

—Host - mortem
" "

appearances, 584.

„ -Treatment of poisoning by

(Appendix), 662. ,

—Vohimctric processes oi

'

determining, 586, 58/.

Coqueret-"Mass" poisoning from

arsenic, recorded by, 516.
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Corpse—Decomposition of, afterdeath
from poisoning, 8.

Corrosive sublimate (see mercuric
chloride).

Council of ten, 9.

Couty, M.—Observations on cura-
ine, 387.

Creasote, 165.

,, —Poisonous properties, 166.
Cresol, 165.

Cresylic acid, 152.

Criminal Poisoning—Statistics rela-

tive to, 35.

Cross—Experiments on pigeons witli

alcohol, 126.

Croton oil, 442-444.

, , —Chemical analysis of, 444.

,, —Dose of, 443.

,, —Effects of, 443, 444.

,, —Liniment of, 444.

,, —/"osi-jwortem appearances
in poisoning by, 444.

,, —Cases of poisoning by,
444.

) , —Statistics ofpoisoning by,
36.

,, —Treatment of poisoning
by (Appendix), 662.

Croton seeds, 443.
Crmn's method of estimating niti'ates,

89.

Crural artery—Exposure of, in rabbit,
46.

Cryptopme, 266.

, , —Properties of, 300.
Curarine, 384-387.

,, —Carbon and nitrogen, per-
centage of, 247.

,, —Extract of, 384-387.

>. —Physiological effects of,

385, 386.

,, —Platinum compound of,

248.

,, —Properties of, 385.—Separation of, 386, 387.
„ —Tests for, 385.

»> —Treatment of poisoning
by (Appendix), 662.

"'Cutting and stabbing" as a means
of suicide, 34.

iCyanide—Mercuric, 194.

„ —Methyl, 194.

„ —Stati.stics relativetopoi.son-
ing by, 30, 32, 33, 36.

„ —Silver, 194.

Cyanide—Sodic and ammoniac, 193.
Cyanides, double, 193.
Cyanogen chloride, 194.

Cyanuric acid, 195.

Cymene, 119.

Cymogene, 111.

Cystitis—Caused by eating Algerian
frogs, 453.

Cytisine, 370-372.

,, —Carbon and nitrogen, per-
centage of, 247.

—Effects on animals, 371.

,, man, 371, 372.—Mtrate of, 371.
—Properties of, 370, 371.
—Tests for, 371.
—Treatment of poisoning by

(Appendix), 662.
Ci/iims laburnum, 370.
Czermac's rabbit-holder, 45.
Daphne mezereon, 4.

Datura alba, 353.

—Atrox, 353.
—Delirium, 361.—Fastuosa, 353.
—Seeds, 353.

—Statistics of poisoning,
3d.

Datura s^mmowram—Statistics of
poisoning by (Table III), 32, 36.

Davidson, Dr.—Case of poisoning by
spurred rye, 432.

Davidson's " cancer remedy, " 502
Davy's (Dr. E.) method of detecting

arsenic, 537.
Davy, Sir H., 15.

I^eaths in England from poison,
1/) 29, 30.

Deliriants, 25.

Delirium tremens and atropine poi-
soning, 363.

^ , >. —Deaths from, 122.
Delpech—Case of carbolic acid
poisonmg recorded by, 150.

Delphinine—Action of on heart under
the influence of diei-
talin, 411.

^

—Carbon and nitrogen
content of, 246.

'

—Discovery of, 16.
,
.

—Gold chloride compound
of, 248.

M —Separation of, by ben-
zene, 236.

I) —Sublimation of, 244.
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Demostlienes—Death of, 6.

Deutsch—Case of poisoning by sul-

phuric acid related by, 60.

Devergie, A.—Work on toxicology,

18.

i>AaiM?'a-plants, 353.

,, —Criminal use of,

by the Hindus,
358, 359.

Diallylendiamine—Reaction with fer-

rid-cyanide of potash of, 467.

Digestive tract—General action of

poisons on, 51.

Digitalein—Properties of, 400, 401.

Digitaleretin, 402.

Digitaletin, 401.

Digitalin, 401.
' „ —Action on the frog's

heart, 411.

^, —Action on the heart, 409,

410.

J,
—Action on the muco-

intestinal tract, 410, 41 1.

—Case of poisoning by,

406-408.

—Colour reactions of, 403.

„ —Fatal dose of, 403, 404.

„ —French, 402.

1 ,, —German, 402.

,, —Local action of, 409.

—HomoUe's, 402.

—Physiological action of,

409.

J J

—Post-mortem appearances

of poisoning by, 412.

J J
—Reaction with potassic

ferrid-cyanide, 467.

,
, —Separation of,by benzene,

228.

—Separation of, by chloro-

form, 229.

Digitalis, 399-413.
—Acetum, 403.

—Botanical, characters of,

399, 400.

—Effects on man, 405, 406.

—Dose of, 405.

—Glucosidal,contentsof,400.

—Pharmaceutical prepara-

tions of, 403.

Poisonhig—Treatment of

(Append'ix), 663.

—Seeds, 399, 400,

—Statistics relative to

poisoning by, 36, 405.

Digitalis—Tincture of, 403.

Digitin, 402.

Digitonin, 401.

,, —Tests for, 403.

Digitoxin, 401, 402, 404.

Dimethyl-protocatechuic acid, 336.

Dinitrosulphide of iron—Method of I

preparing, 130.

Diodon—Poison of, 446, 447.

Dioscorides, 3.

Diphenylamine—Reaction on, with t

potassic ferrid-cyanide, 467.

Disinfectants, 152.

Disinfecting iiuid — Poisoning by, ,

152, 153.

Disinfecting powders, 152, 153.

Dixon's pills—Composition of, 548.

Dolbeau's experiments on ansesthe- -

tising sleeping persons, 136.

Domitian, 3.

Dover's powder, 271.

Dragendorlf, J. G.—Experiments on i

coniine by, ,

253. .

J,
his method of

examining
blood, 649.

. „ „ for estimating
J

alkaloids in

nux vomica,

309.

for extraction

of alkaloids,

222.

„ for extracting
1 cantharidin,

452, 453.

,, for extracting

gelsemine, 332,

333.

„ for extracting

morphine from

urine, 292.

„ of separating

curarme, ooo,

387.

of separatmg

strychnine,321.

quebrachine
" alkaloids, 328.

—Researches on cantha-

ridin, 453, 454.

—Researches on ergot,

427, 428.

—Separation of solamne,

370.

I
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Dragendorff—Short method of extrac-

ting alkaloids, 238.

, , —Test for physostigmiae,

378.

Duboia Russellii (see BusselVs viper).

Duflos' prussic acid, 177.

Dupre on elimination of alcohol, 125.

,, on presence of copper in dif-

ferent substances, 580.

Duroy's estimation of alcohol in the
brain, 125.

Dutch pink, 564.

Duteil, A., 2.

Dworzak — Auto - experiments on
coniine, 255.

,, and Heinrich—Auto-experi-
ments on nicotine, 262.

Dyers' acid, 82.

Eakth—Arsenical, 530.
—Action of sulphuric acid on,

62.

Eau d'Afrique, 593.
£Iau dt Javetk, 36, 97.
Ecboline, 427.

Eczema arsenicale, 517.
Egyptian knowledge of poisons, 2.

Emery, Nicolas, 14.

Emetine—Decomi^osing action of
ammonia on, 231.

—Reaction with ferrid-

cyanide of potash, 467.
—Phospho-molybdate, 222.

„ —Platinum chloride com-
pound, 248.

,, —Separation of, by ethereal
solvents, 232-237.

EngUsh law as to ])oisons, 20.
Engravers' acid, 82.

Enzel on the normal amount of car-
bolic acid in the human body, 162.

Epilepsy—Possible confusion with
strychnine tetanus, 317.

)) —Production of hy chloro-
form, 136.

Ergot, 426-434.

, , —Chemical properties, 426-428.
I, —Colouring matters, 428.

—Detection of in flour, 429.

)5 —Fatal dose of poisoning bv.
429,430.

„ —Fixed oil of, 426.

9> —Inert form of, 428.
—Infusion of, 429.

„ —Liquid extract of, 429.

Ergot—Medicinal dose of, 429, 430.—Pharmaceutical prepara-
tions, 429.

—Physiological action,432-434.
—Symptoms of acute poisoniaar

by, 432.

—Tincture of, 429.
—Treatment of poisoning by

{Appendix), 663.
Ergotinine, 427.

J, —Behaviour of, towards
ferrid-cyanide ofpotash,
467.

Ergotism, 430-432.

,, —Gangrenous form of, 430,
431.

—Epidemics of, 430.
Ericolin—Separation of, by benzene,

228.

Erythrophloium guineense, 419.
Erythrophlein, 419.

5 , —T reatment of
poisoning by (_Ap.
imulix), 663.

Eserine (see pUysostujmine).
Essential oils, 117.
Ether, 127-129.

,, as an anEesthetic, 128.

,, as a poison, 128.

,, drinkers, 128.

,, -Fatal dose of, 128.

,, —Recovery-apparatus, 54.

,, —Separation from organic
fluids, 129.

, , —Statistics of poisoning by, 32.
)> —Treatment of poisoning by

(Appendix), 663.
Ethiop's mineral, 601.

'5 >j —Dose of for cattle,
604.

Ethyl chloride—Determination of in
chloroform, 131.

,, oxide sulpho-carbouate, 151.
,, strychnine, 235.

Euchloriue test for carbolic acid, 164.
Eulenberg's experiments on alcohol*

126.
'

,, experiments on benzene
vapour, 115.

,, experiments on hydro-
chloric acid gas, 76.

experiments on mercury
vapour, 606.

experiments on nitric
acid vapoiir, 83.
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Eulenberg's experiments on nitro-

benzene vapour, 171.

,
experiments on oxalic

" acid vapour, 484, 485.

experiments on petro-

leum, 113.

experiments on plios-

phine, 207, 208.

experiments on phos-

phorus, 206.

experiments on poison-

ing; by coniine, 255.

experimentson lead, 57 1

.

experiments on strych-

nine, 311.

J^Mp/tor&iftcecE—Statistics of poison-

ing by, 36.

Evonynun, 415.

—Treatment of poisomng
" by (Appendix), 663.

Ewer's, D.—Work on aconite, 341.

Eyes—Inflammation of, by ammonia,

92.

Fabek—Case of poisoning by verat-

rum, recorded by, 376.

Face—Injuryof.by sulphuric acid, 62.

Fagge and Stevenson on the action

of dicitalin on the frog's heart, 411.

Falck, F. A., 18, 59, 90.

—Depression of tempera-
" ture in chloral poison-

ing, 143.

Experiments on lethal
" dose of brucine and

strychnine, 325.

—Experiments on strych-

nine, 310-313.

—Statistics of alkali pois-
" oning,97.

atropine
poison-
ing, 363.

cliloroform

poison-
ing, 132,

134.

,
, laburnum

poison-
ing, 372.

phosphorus
" " poison-

ing, 200.

Falck, C. Ph., and L. Victor—Local

action of sulphuric acid, 61.

Faraday — Liquefaction of hydro-

chloric acid gas, 74.

Feneuille—Discovery of delphinine

by, 16.

Ferric chloride, 631.

,, —Criminal

5»

5>

case of

poisoningby,631-633.

,, —Effects on animals,

632.

,, —Effects on man, 632.

—Elimination of, 633.

^ ^ ,
, —Estimation of, 633.

,, —Solution of, 631.

„ —Test for carbolic

acid, 631.

Ferric salts—Search for, in animal

tissues, 634, 635.

Ferrid-cyanide of potash as a test for

ptomaines, 467.

Ferrier, Dr. David—Work on poisons,

18.

Ferro-cyanide of potash—Poisomng

by, 179. . . ^
Ferrous chloride—Use of, m estunat-

ing nitric acid, SS.

Ferrous sulphate, 634.

Filehne's observations of the blood m
poisoning by nitro-benzene, 174,175

Filho's caustic, 96.

Fish—Efifects of carbolic acid on, 153.

,,
picrotoxin, 436.

—Michet's experiments on

poisoning, 38.

,, —Poisonous, 446, 447.

Fitzwalter, Maud—Poisoning of, 9.

Flake, white, 563.
_

Flandin, C—Work on poisons, lb.

Fleck's researches on the air ot

arsenical rooms, 497.

Fleming, A.—Work on aconite,

Flemings tincture of aconite—i atai

case of poisoning from, 339.

Flucki^er's method of opium assay,

26S. ,,-
test for carbolic acid, 1TO.

Fleury's method of opium assay, 269.

Fly—Effects of poisons on, 40.

paper, arsenical, 502.

,, water, arsenical, 502.

Fod6r6's classification of poisons,^*.

Fontenelle-Case of ergot poisoning,

recorded by, 431.

Fool's parsley, 439.
. ^

Fougnies, M.—Poisonmg of, by Ja.

Bocarme, 259.
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Fountain, Dr.—Case of poisoning by
potassic chlorate, recorded by, 107.

Fournier and Olliver—Case of phos-

phorus poisoning, recorded by, 206.

Francheschini, Dr.—Workon aconite,

341.

Frantzel — Case of poisoning by
alcohol, recorded by, 123.

Eraser's researches on atropine, 360.

,, ,, strophantin, 416.

Fraser and Gram Brown on the action

of methyl coniine, 252.

Freer—Case of poisoning by tartar

emetic, reported by, 552.

French law as to poison, 22.

French statistics of poison, 35-37.

Friedliinder's aconitine, 336-338.
Fuchsine as a reagent for testing for

the presence of alcohol, 131.
Fungi — Statistics of poisoning by

(see also mushrooms), 30.

Fusel oil—Effects of, 127.

Galen, 4.

( lalls and opium—Ointment of> 271.
Maltier, C. P., 18.

<-Tamgee's measurements of wave-
lengths of bands in blood-spectra,
650.

Clarelli, 11.

Gas-bubbles in blood, noticed after
death from chloroform, 138.

Gasolene, 111.

Gastric juice—Amount of hydro-
chloric acid in, 75.

Gastrocnemius of frog—How to ex-
pose, 50.

Gay-Lussac, 15.

Gehlen, 15.

,, —Death from arsine, 497.
Gelatine pork, 51.

Gelsemic acid, 329.

Gelsemine, 329-333.

,, —Carbon and nitrogen,
percentage of, 246.

,, —Effects on animals,330,
331.

„ —Effects on man, 332.

9, —Extraction of, from
organic matters, 332,
333.

—Fatal dose of, 330.
>> —Physiological action,

330-332.

„ —Properties, 330.

Gelsemue—Treatment of poisoning
by {Appendix), 664.

Germa law as to poison, 21.

Gescheidlen on the action of morphine
on frogs, 284.

Gipsies—Knowledge of poisons by, 5.

Giraud, H.—Poisoning \sy datura,^Q\.
Giulini—Case of phosphorus-poison-

ing recorded by, 341.

Glauber, 73.

Glossitis as an occasional effect of
arsenic, 520.

Glucosides—Classification of, 28.

Gmelin's experiments on barium, 6-t4.

Goby—Poison of, 447.
Godfi-ey's cordial, 271.

,, ,, —Statistics of
poisoning by,274.

Gold chloride, 221.

Gonning—Composition of matches,
198.

Goodart's microscopical examination
ofthe liver alter phosj)horus-poison-
ing, 211.

Gordon—Case of illness from smoking
cigars, reported by, 262.

Goulard's balsam, 563.
Gout as an effect of lead, 571.
Gout piUs, 390, 392.
Grandeau's test for digitalin, 403.
Grasett and Amblard ou the con-

vulsive action of morphine, 283.
Gratiolin—Separation of, by solvents,

228.

Greek knowledge and use ofpoisons, 2,
Green verdites, 582.
Greene, W. H., 18.

Grimaux, E.—On trausformatioa of
morphine into codeine, 281.

Grinrod's remedy for spasms, 272.
Group reagents for alkaloids, 220.
Guaiacol, 165.

Guaiacum—Test for blood, 652.
Guicciardini, 7.

Guilaud—Work on aconite, 341,
Guilbert — Case of poisoning by

arsenious acid, recorded by, 515.
Gums—Coloration of, l)y copper, 582.
Gundelaoh—Artificial production of
methyl coniine I^y, 252.

Gunshot—Statistics ofsuicidal deaths.
34.

'

Gunthcr—YicM of atropine from
-different parts of the belladonna
plant, 352, 353.

44
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Gusserno's experiments witli lead,

566.

Guy and Ferrier's work on poisons,

18.

Guy, Dr., on poisoning by prussic

acid, 185.

Guy's classification of poisons, 24.

,
, —Method of sublimation, 241.

Haagaji — Case of poisoning by
sulphuric acid recorded by, 59.

Haematin—Spectrum of, 651.

J J ,, acid, 650.

Hcsmorrhagic form of phosphorus-

poisoning, 203.

Hager's method of opium assay, 268.

Halford on the use of ammonia in

snake-bite, 457.

Hall, Marshall—Case of serious illness

from smoking, recorded by, 262.

Hamberg—Arsenic in air of arsenical-

papered rooms, 497.

Hanging—Use of, by suicides, 34.

Hannibal—Death of, 6.

Harley, Dr. John, on aconitine,

338.

—Paper on aco-

nitia, 341.

—Researches on
" fools parsley,

439.

Harnack's experiments on lead poison-

ing, 565, 566.

on zinc poison-

ing, 622.

Harnack and Witkowsky on

poisonous properties of physostig-

mine, 379.

Harrison— Case of poisoning by

Battle's vermin-killer recorded by,

Hartmann, J., on the solubility of

phosphorus in water, 195.

Hasselt, A. van-Work on poisons,

18

Hauffs early description of fatty

liver in phosphorus-poisoning, 210.

Hauzmann, on the elimination of

morphine by the urine, 292.

Heart—Pulsation of frog's, 44.

,,
poisons, 43.

-List of, 409.

Hecate, 1. r j.
•

Hehner on elimination of potassic;

chlorate, 107.

Heinrich's auto-experiments on can-

tharides, 450, 451.

,, —Experiments on nico-

tine, 262.

Heisler—Case of phosphorus-poison-

ing recorded by, 202.

Heliodorus, 4.

Hellebore—Active principles of, 414,

415.

,, —Poisoning by, 415.

,, —Statistics of, 31-36.

Helleboretin, 415.

Helleborin—Separation of by sol-

vents, 230.

Hehuholtz, on "yellow sight," after

taking santonin, 424.

Helwig— Case of death from smoking,

recorded by, 261, 262,

,, —Method of sublimation, 241.

Hemlock (see also conium, coniine),

250-255.

—Treatment of poisoning-

by (Appendix), 661.

Hemming, "W. D.—Work relative to-

poisons (bibliography), 18.

Henbane, 364-36c3.

,
, —Alkaloidal content of,365-

Henderson on phosphine-poisouing,

208.

Henry ^TU. —Precautions taken by,

relative to poisoning, 12.

Heptane, 112.

Heptylene, 112-115.

Hermann, L. — Work relating to

poisons, IS. .

Heubel's experiments on lead, 566.

Heunefeld's turpentine, 652.

Hexane, 115.

Hexylene, 115.

Hildebrand—Case of poisoning by

tobacco, recorded by, 262.

Hilger's test for mineral acids, 70.

Hindoo knowledge of poisons, 6.

Hind's sweating-'ball, 548.

Hirue on elimination of potassic

chlorate, 107.

Hofif, Carl, 10. . .

Hoffmann, E.—Case of poisoning by

chloroform, recorded by,

1.34.

„ —Work of poisons, IS.

,, —Dr. Friedrich, 11.

Homolle's digitalin, 403, 404.

Hopkins and WiUiams' pseudacom-

tine, 336-338.
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Hoppe-Seyler on the local application

of sulphuric acid,

167.

,, on crystals in blood
of persons poisoned
by prussic acid, 186.

Hornet's sting—Treatment oi(Appen-
dix), 671.

Horses—Poisoning of, bytobacco, 259.
Hottot's aconite—Strength of, 338.

work on aconitine, 341.
Howard, John—Case of poisoning by

nicotine, recorded by, 259.

Hugo, P.—Researches on the patho-
logy of arsenic poisoning, 517.

Humopic acid, 294.

Hunter, John— Inflammation of
stomach from the external admin-
istration ofarsenic, observedby , 509.

Hunter's solution of choral, 147.
Hurt ofManchester— Case ofpoisoning

bj'^ yew berries, recorded by, 384.
Husband—Case of chloral poisoning

related by, 147.

Husemann's definition of poison, 22.

—Statistics of poisoning
by digitalis, 405.

Husemann, Th., and H. A.—Work on
poisons, IS.

Huss, H.—Case of poisoning by
phosphorus recorded by, 205.

Hydric cyanide, 176-193.

—Accidental and
criminal poisoning
by, 180.

—Action on the
blood, 186.

—Action on living

organisms, 181.

—Adulteration of,

176.

—Chronic poisoning
by, 185.

—Distribution of, in
the vegetable king-
dom, 178.

—Fatal dose of, 180.
—Medicinal prepara-

tions of, 176.

-Physiological
action of, 185.

—Poisoning by, 177.—Post-mortem ap-
pearan ces in poison-
ing by, 187.

Hydric cyanide—Separation from
organic matters,

190.

, , ,
, —Statistics ofpoison-

ing by, 179.

,, ,, —Symptoms pro-
duced in animals,

181.

,, ,, —Symptoms pro-
duced in man, 183.

,, —Test for, 188.

,, ,, —Time after death,
possible to detect,

192.

, , , , —Treatment of
poisoning by
{Appendix), 664.

,,. —Use of, in the arts,

177.
Hydric sulphide, reaction with dif-

ferent metals, 55.

, , sulphocyanide—Effects of, 1 94.
Hydrochloric acid, 73-81.

)) ,, —Action of, on
clothing, &c., 76.

)> —Amount of, in
gastric juice,

V4.

)) — Detection and
estimation of,

79, 80.

,, —Effects of, 78.

)) —Fatal dose, 74.

i> >, —Gas, 76.

>) —Influence on
vegetation, 75.

)> 1! —Post-mortem
appearances,
79.

n >, —Symptomspro-
duced by, 78.

Hydrocolhdine—Reaction with fer-
rid-cyanide of potash, 407.

Hydrocotarnine, 266.

—In list of opium-
alkaloids, 266.

)) —Nitrate, lethal
dose of, 325.

>' —Nitrate, tests for,

302.
Hydrocyanic acid (see hydric-cyanide).
Hydropotassic tartrate, 101.
Hydroquinone, 160, 161.
Hyenoid apjiearance of dogs poisoned
by morphine, 283. .
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99

99

99

Hyoscine, 364.

Hyoscyamine, 364-368.

„ —Carbon and nitrogen,

percentage of, 246.

—Dose of, and efifects,

367.

—Extraction of, by
solvents, 235.

—Gold chloride of, 248.

—Oil of, 366, 367.

—Ointment of, 366.

J,
—Pharmaceutical pre-

parations, 366.

—Phospho-molybdate,
222.

,j —Properties of, 366.

„ —Separation of, from
organic matters, 367.

Hypochlorous acid—Test for chloro-

form, 132.

Hypoquebrachiae, 328.

Hysteria confused with symptoms
produced by strychniae, 316.

Igasubine, 327.

'
,
, —Reaction of, with ferrid

cyanide, 467.

niicium religiosum, 437.

Incubator for the cultivation of

bacilli, 51.

India—Poisoning of children by
opium in, 275.

Indican—Carbon and nitrogen, per-

centage of, 246.

Indigo carmine—Test for chlorates,

108.

„ —Test for nitrates,

108.

Infant preservatives, 274, 275.

Infusoria — Effects of poisons on,

39.

Insanity produced by lead, 570.

Insects—Efifects of poisons on, 40.

Insects—Poisonous, 28.

Intestiaes—Contraction of, through

nicotine, 263.

Iodic acid test for morphine, 280.

Iodine—Criminal poisoning by, 36.

„ in hydriodic acid as a reagent

for alkaloids, 221.

,, in potassic iodide, 222.

„ —Statistics of poisoning by,

31, 36.

„ —Treatment of poisoning by
(Appe7idix), 664.

Ipecacuanha—Compound powder of, !

271.

,, and morphine lozenges,

271.
I

Iron, 631-637. '

—Action of, with sulphuric acid,

62.

,, —Limit of toxicity, 38.

,, —Salts of(seeferi-ic and/eiT02is).

,, —Statistics of poisoning by, 36.

,, —Stains (iron mould), 636.

Irritants, 25.

Isatropic acid, 356.

Isodipyridine, 467.

Italian school of poisoners, 9.

Jaborakdi—Properties of, 381, 382.

Jacobi, Dr.—Case of poisoning by

potassic chlorate, recorded by, 107.

Jaundice, as effect of chloroform

poisoning, 133.

,, as effect of phosphorus-

poisoning, 202.

Javelle water, 97.

Jervine—Carbon and nitrogen, per-

centage of, 246.

,, —Phospho-molybdate of, 222.

—Properties of, 373.

,,
—Separation of, by chloro-

form, 230.

John, Dauphin of France, 8.

,, —King of England, 9.

„ —of Ragubo, 10.

Johnson, Dr.—Poisoning by Rubini's

essence of camphor, 120.

Johnson, J.—Pills, 547.

K^KOTELiN produced by the_action

of nitric acid on brucine, 327.

KaU, 12.

Kappeler—Case of death from chloro-

form recorded by, 137.

Katipo—Effects of bite, 447.

Kerosine, 113.
r

Keyser's pills— Composition of, 604.

Kidneys—Changes produced by phos-

phorus-poisoning, 211, 212.

,
—Effects of oxalic acid on,

487, 488.

King's College Hospital museum-
Pathological specimens illustrative

of pmssic acid poisonuig, 79.

Icing's yellow, 502.

Klem, Dr.—Method of preparing

gelatine pork, 51.
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Klein, Dr., on the Nottingham and
Welbeck outbreaks, 473, 475, 477.

Kletzinsky on hyoscyamine, 368.

Kobert and Kiissner on the effects

of sodic oxalate, 483, 487, 488.
Koehler, E,.—Work on poisons, 18.

Koller's prnssic acid—Strength of,

177.

Koppe—Auto-experiments on digi-

toxin, 407.

Koppeschaar's method of estimating
carbolic acid, 169.

Kosutany on the yield of nicotine
from tobacco, 256.

Kratter on separation of stryclinine
by the kidneys, 321.

Krocker's research on nicotine, 263.
Kiister, E.—Case of subcutaneous

injection of carbolic
acid with fatal result,

159.

„ on rise of temperature
after poisoning by car-
bolic acid, 161.

LAEtrENUM—Active constituents of,

370.

,, —Case of poisoning by,

,., — Statistics of criminal
poisoning by the seeds,

36.

,) —Treatment of poisoning
by {Appendix), 664.

Lacerda on potassic permanganate
in snake-poisoning, 457, 458.

Ladanosine in list of opium alka-
loids, 266.

,, —Some reactions of, 302.
Lallemand on the elimination of

alcohol, 125.

Lamson—Case of, 347, 348.

„ —Method followed
in separating the
poison, 350, 351.

Landanine in list of opium alka-
loids, 266.

,, —Nitrate, fatal dose of,

325.

„ —Some reactions of, 3(52.

Landsberg on excretion of morphine
by the urine, 292.

Langaard's research on illicium rcUni-
osum, 437.

Langley—Effects of pilocarpine on
the heart, 382.

Langsdorff on eating by natives of
Kamschatka of the amanita inus-

caria, 394.

Lanthopine in list of opium alka-
loids, 302.

Lassaigne, 16.

Latrodectus malmignatus, 447.

,, —Effects of,

448.
Laudanum (see opium).

,, —Law as to criminal ad-
ministration of, 210.

,, —Statistics of poisoning
by, 274.

•Laurocerasus, 178.

—Carbon and nitrogen,

percentage of, 246.
Lavoisier, 15.

Lead, 560-578.

—Acetate, 561.

as a normal constituent of the
body, 575.

—Carbonate of, 561, 562.
—Case of poisoning by, 568.
—Chloride of, 561.

—Chronic poisoning by, 568.
—Detection and estimation of,

576.

—Dose of, 574.
—Effect of, on animals, 565.
—Encephalopathy, 570.
in beer, 565.
in food, 565.
—Influence of, on pregnancy,

in glass, 565.

—Iodide, 562.
—Localisation of, 575.
—Nitrate of, 564.
—Ointment of, 562.
—Oxides of, 560.
—Oxychloride of, 563.
—Physiological action of, 575.
—Pigments, 563.
—Poisoning by, 567.
plaster, 562.—Post-mortem appearances in

cases of poisoning by, 573.—Pyrolignitc, 564.
—Ked, 560.

—Solubility of, in water, 56L—Statistics of poisoning by,
30, 31,
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Lead—Suljacetate, compound oint- ]

ment of, 562.

,, —Solution of, 562.

,, —Sulphate, 564.

„ —White, 563.

Lebert and Wyss on the blood

in phosphorus-
poisonmg, 207.

,, on the mine, 206.

Ledoyen's disinfecting fluid, 563.

Leeches—Effect of oxalic acid on,

484.

Lefort on excretion of morphine by
the urine, 292.

Lehmann, 70-74.

Lemaire—Action of carbolic acid on

the skin, 156.

Lemaurier's odontalgic essence, 272.

Lemons—Essential salt of, 482.

Lenoble—Percentage of nicotine in

tobacco, 256.

Lesser, A., on hydrochloric acid, 78.

on nitric acid, 82.

on sulphuric acid
poisoning ; its action

on the gullet, 64.

„ —Work on poisons, 18.

Letellier and Speneux on the action

of agaricus phalloides, 397.

Letheby—Case of poisoning by nitro-

benzene, related by, 171.

•
,, —Galvanic colour-test, 322.

—Percentage of nicotine in

tobacco, 256.

Leucine—A constituent in the urine

after phosphorus-poisoning, 217.

Lever—Simple form of, recording

graphically the cardiac pulsations,

44.

Levinstein—Case of chloral poisoning

recorded by, 146.

Lewin—Case of phosphorus-poisoning

recorded by, 202.

Lewis' silver cream, 563.

Leyden, E.—Observations on the

urine in sulphuric acid poisoning,

71.

Liebert's cosmetique infaillible, 562.

Liebreck, P. I.—Action of phos-

phorus on the blood, 207.

Liebrcich—Action of chloroform on

the blood, 143.

Liersch, S. W.—Action of turpen-

tine vapour, 1 18.

Life-tests, 37, 38.

Liniment—Statistics of poisoning by,

31.

Linne—Case of poisoning by daphne
mezereum, 425.

Lipowitz's test, 216.

Liquor potassoe effervescsns, 96.

,, sodcB „ 97.

Lister's antiseptic treatment, 153.

Lithium—Limit of toxicity, 38.

Liver—Fatty degeneration o^ after

phosphorus-poisoning, 210.

Lloyd, J. U.—On solubility of mor-

phine, 279.

Lobeliin—Separation of by solvents,

233.

Lobel Lobelstein on phosphorus-

poisoning, 200.

Locusta, 6.

Lombard, H. C—Case of sulphuric

acid poisoning, 60.

Lombroso and Erba—Extraction of

ptomaines from maize, 466.

Lowe, C—Process for the assay of

disinfectants, 168.

Ludwig's method for the estimation

of mercury, 618.

Lungs—Changes jin phosphorus-

poisoning, 212.

Lupin seeds—Contents of, in coniine-

like bodies, 255.

Lutidine as a constituent of tobacco-

smoke, 261.

—Physiological actionof, 261.

I
Macadam—Separation of strychnine

by, 321.

;

M'Conkey—Case of aconite poisoning

recorded by, 344.

Macniven—Case of poisoning by

potassic bichromate recorded by,

638.
,. .,

;

Macphail—Case of carbolic acid

poisoning recorded by, 156.

Macredy — Case of poisoning by

!
strychnine recorded by, 313.

Madagascar ordeal bean, 419.

Mageiidie—Sudden death from prus-

sic acid recorded by, IS-

, on phosphorus-poisoning,

201.

L Maggraf, 15.
.

Magnesium—Limit of toxicity, ob.

Mahon, A.—Work on poisons, 18.

Maize—Ptomaines developed during

the putrefaction of, 466.



INDEX. 695

Male, Dr.—Case of aconite poisoning

recorded by, 340.

Manganese—Limit of toxicity, 38.

Mania, as a result of poisoning by
carbon disulphide, 150.

,, as a result of poisoning by
chloroform, 138.

,, as a result of poisoning by
oxalic acid, 487.

Manjot, Dr.—Poisoning by chloral.

145.

Mannkopf on certain effects of sul-

l)huric acid poisoning, 65, 71.

Manometer, mercurial, for registering

. arterial pressure, 45.

Manouvriez, Dr.—Case of poisoning
by potassic chlorate, 107.

Marchand—Effect of chlorate of
potash on the blood, 105.

Marey's tympanum, 49.

Markham, Dr.—Case of poisoning by
zinc chloride, 625.

Marking-inks—Composition of, 593,
594.

Marme's experiments on cadmium,
559.

research on the hellebores,

415.

Marsh's test for arsenic, 15, .524, 525.
Martineau—Case of arsenical poison-

ing rjslated by, 513.

Maschka—Case of poisoning by al-

cohol, related by, 122,

123.

, , —Case of poisoning by bitter

almonds, 193.

,, —Case of poisoning by sul-

phate of copper, 583.

,, —Case of poisoning by sul-

phuric acid, 63.

,, —Work on Poisons, 18.

Masscy and Ferraud, Regina v., 444.
Matches—Composition of, 197, 198.

Matthews' cordial—Statistics of
poisoning by, 274.

Maximilian, Emperor, 10.

Mayer's reagent, 247.
Mayet on the composition of

matches, 198.

Mead, Richard, 3, 14.

Meat—Cases of poisonincj by, 14,

.
471-475.

n J-. .

Mechanical theory of poisons, 14.

Meconic acid—Extraction of, by sol-

vents, 277.

Meconic acid—Properties of, 303.

,, —Separation of, 303,

304.

Meconine—Extraction of, by sol-

vents, 277.

,, —Per cent, of, in opium, 266.

Meconium—Contents of, in sulphates,

72.

Meihuizen—Physiological action of
morphine, 284.

Melsens—Detection of nicotine long
after death by, 264.

Menard, Eng.— Characters of the
blood in cases of phosphorus-
poisoning, 207.

Mendesius, 4.

Mental disease referred to chloral

drinking, 147.

Menu—Institutes of, 5.

Menyanthin—Separation of, by ben-
zene, 228.

Merck's aconitine—Activity of, 335-

338.

Mercurial tremor, 008.

,, vapour—Effects of, on ani-

mals, 605, 606.

, , , , —E ffects of , on man,
606-608.

,, —Effects of,onvege-
tables, 605.

Mercuric chloride, 599, 600, 602.

,, cyanide, 194, 613.
—Death from external use

of, 612.

,, ethyl chloride, 599.
methide—Effects of, 609,

610.

,, potassic iodide, 221.

,, salts—Test for, 617.
Mercurous chloride, 597, 600.

,> „ —Dose of, 604.

,, salts—Test for, 617.
Mercury, 597-620.

,, —Acetate of, 599.

, , and ammonium plaster, 598.
, , and chalk, 598.

,, and quinine chloride, 602.

,, cyanide, 602.

,, —Detection of in organic
matters, 017.

,, —Elimination of, G15.

,, —Estimation of, 618.

)i —Frequent occurrence of
in human body, 616.

,, —Green iodide of, 601.
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Mercury in the arts, 602.

,
, in veterinary practice, 604.

—Iodide of, 601.

—Nitrate of, 602.

—Deatli from
external ap-

plication,616.

—Effects of, 613.

„ —Ointment of, 602.

„ (compound),
599.

„ „ (simple), 600.

—Fatal effects

of, 608.

„ percUoride, 598.

„ plaster, 598.—Post-mortem appearances

in poisoning by, 613.

,, pump, 53.

,, red oxide, 601.

„ salts—Dose of, for animals

and man, 604, 605.

,, —Statistics of poisoning by,

30-32, 36, 605.

subchloride—Pill of, 600.

—Sulphate of, 601.

„ —Sulphide of, 597, 602.

,,
sulphocyanide, 603.

„ suppositories, 597.

—Treatment of poisoning

by, 613.

,,
[also Appen-

dix, 662).

—Volumetric processes for

estimation of, 619.

Meric—Case ofchronic poisoningfrom

chloroform, recorded by, 138.

Metantimonic acid, 546.

Meta-phenyldiamine tests for nitrites,

88.

Methtemoglobin—Spectrum of, 650.

Methane, 140.

—Chloride of, 140.

Methylamine—Carbon and nitrogen,

percentage of, 246.

reaction with ferrid-

cyanide of potash,

467.

Methylated ether, 128.

Methyl brucine, 324.

,, chloride, 140.

„ coniine, 252.

„ >) —Separation of, by
solvents in Dragcn-

dorff's process, 232.

Methyl creasote, 166.

,,
cyanide, 194.

„ strychnine, 235, 324.

Methylene dichloride, 140.

,, pyridene carboxylate, 261.

Meyer—Case of aconite poisoning

recorded by, 347-349.

,, on action of strychnine on the

blood-pressure, 318.

Mezereon, 425.

Michael—Artificial production of

methyl coniine by, 252.

Michet, Charles—Work relating to

poisons, 18.

Milli-secretion diminished by chloro-

form, 143.

Miller's rat-powder, 309.

Mineral gi-een, 582.

„ oil, 113.

,, white, 563.

Miniature painters' white, 563.

Minium, 564.

Mirbane—Essence of, 179.

MitcheU's pills, 548, 604.

Mithridates Eupator, 2.

Mitscherlich's discovery of nitro-

benzene, 171.

,,
process for estimation

of phosphorus, 213.

Mohr, F.—Work on poisons, IS.

Mohr's method of reducing antimony

sulphide, 541.

Monesia, 419.

Monninin, 419.

Monobromated camphor, 120.

Montgarny, H.—Work relative to

poisons, 18.

Montmahon, E. S.—Work relative

to poisons, 18.

Mordant Norton's drops, 603.

Morelle, common—Poisoning by, 399.

Morgan on mortality from chloro-

form, 135.

Morley—Case of poisoning by anti-

monial wine recorded by, 552.

Morphine, 266-301.

—Conversion of, mto co-

deine, 281, 282.

,,
—Detection of, after long

periods of time, 293.

„ —Detection of, after sub-
' cutaneous administra-

tion, 293.

—Dose of, 275, 276.

—Dose of, for dogs, 283.
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Morphine—External aclministration

of, 2SS.

,, —Extraction of, from ani-

mal tissues, 277.

,, —Extraction from opium,
269.

„ —Hydrochlorate, 27S, 279.

„ —Hydriodide, 280.

„ in the blood, 292.

,, in the urine, 292.

,, lozenges, 272.

,, ,, poisoning by, 286.

,, —Mayer's precipitate of,

247.

„ —Meconate, 278, 279.

,, percentage of
in opium, 266,
267.

—Phospho-molybdate of,

222.

,, —Physiological action of,

284.
_

,, —Platinum chloride, 248.

,, —Post-mortem, appearances
ia poisoning by, 291.

—Properties of, 277, 278.

,, —Separation of,by solvents,

237.

—Separation of,fromanimal
and organic tissues, 291.

,, —Statistics of poisoning
by, 274.

,, —Subliming points of, 243,
278.

,, —Sulphate of, 279.

,, —Suppositories of, 271.

—Symptoms of poisoning
by, 282.

—Tartrate, 278,279.
—Tests for, 279-282.

Morson's aconitine, 336.
Morus, 4.

Mountain green, 582.
Mulder—Subliming point of theine,

241.

Munn, Ph., 71.

Munro, J. H.—Experiments on a
sparrow with aconitine, 351.

Muscarine, 395-397.

,, —Action of, on frog's
heart, 44.

—Carbon and nitrogen,
percentage of, 246.

,, —Detection of, 397.

„ —Effects of, 396, 397.

Muscarine—Influence of, on heart
already poisoned by
digitalin, 399.

„ —Gold chloride, 248.

,, —Properties of, 396,

,, —Treatment of poisoning
by {Appendix), 665.

Muscular system—Effects of poison
on, 50.

Musculus and Mering on the ex-

cretion of chloral, 148.

Mushrooms (see also muscarine), 395-

399.

,, —Meander's definition

of, 4.

,, — Statistics of poisoning
by, 36.

Mustard— Oil of, decomposed by
potash, 454.

Mutel, D. P. H.—Work relating to
poisons, 19.

Nacquet, J. A. H.—Work relating
to poisons, 19.

Napelim—Separation of, by solvents,
236.

Naphthalene, 115.

Naples yellow, 550.

Narceine, 266, 297, 298.

,, —Eifects of, 297, 298.

, , —Platinum, chloride of, 24S.

„ —Properties of, 296, 297.

,, — Separation of, by amyl
alcohol, 238.

,, —Sej)aration of, by chloro-
form, 230.

,, —Sleep produced by, 297.

„ sublimation of, 243.
Narcotics, 25.

Narcotine, 256, 264, 266, 298.

, , —Beha^'iour with reagents,
294.

,, —Carbon and nitrogen,
percentage of, 246.

,, —Dose of, 294.

„ —Effects of, 294.

„ —Gold chloride of, 248.

,, —Phospho-molybdate, 222.
,, —Platinum chloride of,

248.

,, —Precipitated by Mayer,
247.

, , —Separation of,by solvents,
236.

,, —Sublimation of, 244.
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Nasse, 0., on contraction of intest-

ines produced by nicotine,

263.

,, on the effects of phos-

pliorus on the blood, 207.

Nativelle's digitalin, 404.
" Natural magic," by J. B. Porta, 10.

Naunyn, B.—Work on poisons, 17.

Nepaline—Carbon and nitrogen,

percentage of, 246.

,
, —Separation of, by solvents,

266.

Nepenthe, 272.

Nerianthin, 417.

Neriin, 417.

Neriin-digitalin, 417, 418.

Nero as a poisoner, 7.

Nerve-muscle preparation, 50.

Nerve-system—Effects of poisons on,

49.

,, —Effects of phosphorus
on, 20.5.

Nessler reagent as a test for ammonia,

95.

Nettle-rash following a dose of chloral,

148.

Neumann on the form of blood

coagulum, 653.

Neuralgia after, poisoning by sul-

phuric acid, 65.

Jfeuwieder green, 582.

Nevin's experiments on rabbits by
antimony oxide, 551.

Newcastle green, 563.
• white, 563.

Nicander of Colophon, 3.

Nickel, 627-631.

,, salts—Effects on animals,

628, 629.

—Circulation, 629.

,, striped muscle, 629.

,, salts—Nervous system, 629.

—Limit of toxicity, 38.

—Separation of, from
organic matters, 630.

Nicotine, 256-264.

—Carbon and nitrogen, per-

centage of, 247.

—Effects of, on animals,

258, 259.

,, —Effects of, on man, 259,

260.

—Effects on cephalopoda,

40.

—Fatal dose of, 263.

Nicotine—Hydrochlorate, 257.

,, —Physiological action

263.

,
, —Platinum chloride of, 248.

,,
—Fost-mortem appearances

in poisoning by, 263, 264
,, —Precipitated by Mayer's

reagent, 247.

,,
—Properties of, 257.

,, —Quantitative estimatioa

of, 256,257.

,, —Reaction with ferrid-

cyanide of potash, 467.

,, —Separation of, from or-

ganic matters, 264.

,
, —Statistics of poisoning by,

36.

,, —Tests for, 257, 258.

,
, —Treatment ofpoisoning by

(Appendix), 666.

Nikitin on the fatal dose of ergot, 430.

,
, on the action of pure sclerotic

acid, 430.

Nitrate of potash, 102.

—Treatment of

poisoning by
(Appe^viix), 666.

Nitrate of soda, 103.

Nitrate of soda and potash—Actiou
of, 103.

Nitrates—Test for, 88, 110.

Nitric acid, 81-89.

—Action of, on vegetable

tissues, 82.

. —Detectionandestimation

of, 87.

—Effects of liquid, 84.

—Fatal dose of, 82.

,
, —Local action of, 84.

—Post-mortem appear-

ances after poisoning

by, 86.

—Properties of, 81.

—Uses of, 82.
_—Va])our of, 83.

Nitric peroxide i)roduced in testing

for nitrates, 103.

Nitrites-Test for, 103.

Nitro-benzene—Conversion of, mto

aniline, 116.

—Detection and estima-

tion of, 175.

—Effects of liquid, 175.

—Effects ofvapour, 171-
''

—Fatal dose, 173.
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Nitro-benzene—Patholooical appear-

ances after poisoning

by, 174.

,,
•—Poisoning by, 171-

,, —Properties of, 170.

,, — Statistics of poison-

ing by, 32, 33.

Nitropicrotoxin, 435.

Nitrous oxide gas, 667.

Nottingham—Cases of poisoning by
bad meat at, 474, 475.

Nottingham white, 563.
Nunneley's experiments on dogs with
, prussic acid, 185.

Niu'se's drops, 273.

Nussbaum—Case of carbolic acid
poisoning, recorded by,
156.

,, —Mortality from chloro-
form, 135.

Nux vomica—Alkaloids of, 309.

—Analysis of, 308, 309.

, , —Aqueous extract of, 307
,, —Extract of, 308.

—Chemical analysis of,

304, 305.

„ seeds — Description of,

304.

—Statistics of poisoning
by, 36.

,, —Tincture of, 308.

J) —Treatment of poisoning
by (Appendix), 669.

(Enanthe Crocata, 439-441.

„ ,, —Effects of, 440.

>) ,, —Post-mortem.
appearances in

poisoning by, 441.
Ogston and Frank—Test for chloral,

148.

Og^ston, F.—Work relative to poisons,

Oil of bitter almonds, 177.

,, turpentine, 117.
Oleander—Active constituents of, 41 7.

—Case of poisoning by, 417,
418.

Oleandrin, 417.
Onsum's theory of the action of

oxalic acid, 487.

J, —View as to the action of
salts of barium, 044.

Opianine in list of opium alkaloids,
266.

Opianine—Properties of, 301.

Opiates— Statistics as to poisoning by,

30, 33, 36.

Opium, 266-303.

,, — Action of solvents on, 267.

,, —Action on man, 281-285.

,, —Alkaloids of, 266.

,, —Ammoniated tincture of,

270.

,, —Aromatic powder of, 270.

,, —Assay of, 267.

,
, —Compoimd powder of, 270.

,, — Confection of, 271.

,, —Diagnosis of opium-poison-
ing, 288, 289.

,
, —Doses of, 275.

—Eating, 290.

—External application of,

288.

,, —Extract of, 271.

,, —Faintness caused by, 287.

,, —Forms of poisoning by, 283.

,, —Liniment, 271.

,, —Liqiiid extract of, 271.

,, —Lozenges, 271.

,, —Medicinal and other pre-
parations of, 269-274.

,, —Method of detection, 276,
277.

—Ointment of galls and, 271.

, , —Physiological action of, 282.

,, —Pill of lead and, 270.

>, —Poisoning of childi-en by,
275.

, , —Poisoning, statistics of, 273,
274.—Post-mortem- appearances in
poisoning by, 291.

,, — Sertiirner's study of, 10.

,, —Smoking, 291.

I! —Symptoms of opium-poison-
ing, 282, 283.

„ —Tincture of, 270.
—Treatment of poisoning by

,, [Appendix], 665.

,, —Wine, 271.
Ordeal beau of cahibar (see i^hysostig-

mine).

Ore, M.—Treatment of tetanus bv
chloral, 144.

Orfila, M. J. B.—Case of poisoning
by arsenic, re°
corded by, 51C.

>. —Classification of
poisons, 24.
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Orfila, M. J. B.—Detection of nico-

tine lonw after

death by, 264.

,, —Experiments on
the barium com-
pounds, 643-645.

on the imbibition

of arsenic in dead
bodies, 531.

5, on ether poisoning,

128.

„ ,, —Method of de-

stroying organic

matter, 527,

,, —Work on poisons,

19.

Organic matters—Destruction of, by
distillation with hydrochloric acid,

55.

Orpiment, 499.

Orthodihydroxyl phenol, 160.

Osenbriiggen—Case of poisoning by
nitric acid recorded by, 84.

Otto—Separation of a coniine-like

ptomaine by, 255.

Oxalate of Ume—Identification of,

489, 490.

„ ,, —In plants, 480.

„ „ —In urine, 491, 492.

„ ,, —Properties of, 482.

Oxalic acid, 480-492.

—Distribution of in

animal and vegetable

kingdoms, 480.

—Effects of, on animals,

483, 484.

,, — Efi'ects of, on man, 485-

487.

—In caterpillars, 480.

,, —Estimation of, 492.

,, —Fatal dose, 483.

—Physiological action,

487.—Post-mortem appear-

ances in poisoning by,

488.

,, —Production of, by de-

composition of carbolic

acid, 162.

—Properties of, 480-482.

—Eeactions with sul-

phuric acid and other

reagents, 481.

—Separation of, from
organic substances,489.

Oxalic acid—Separation of, from
sorrel, 15.

,, —Statistics of poisoning

by, 30-33, 482.

,, —iSublimation of, 481.

,
, —Treatment of poisoning

by [Ajppendb^i, 667.

,, . —XJses of, in the arts,

482.

„ vapour—Effects o^ 484^

485.

Oxalmethyline, 492, 493.

Oxalpropylene, 492, 493.

OxyacanthLne, carbon and nitrogen,

percentage of, 246.

Oxycresol, 165.

Oxymandelic acid, 217.

Page's gas-regulator, 51.

Pagenstecher and Schonbein's test

for prussic acid, 189.

Palmer—Case of poisoning, 318.

Papaverine—Carbon and nitrogen,

percentage of, 246.

—Effects of, 298.

J,
—In list of opium-alka-

loids, 266.

J J
—Platinum chloride com-

pound, 248.

—Properties of, 298.

—Separation of, by sol-

vents, 237.

—Tests for, 298.

Paper—Action of sulphuric acid on,

62.

Paradihydroxyl phenol, 160.

Paraffin oil, 113, 114.

,, —Statistics of poisoning

by, 31.

Paraldehyde, 140.

Paralysis as a result of lead- poison-

ing, 569.

morphine
" " poisoning,

283, 287.

phosphorus
" " poisoning,

204.

Paratoluidine, reaction with ferrid-

cyanide of potash, 467.

Parg, Ambrose, 9.

Patna opium, 267.

Pattison's white, 563. .

Paul on the effect of lead on pregnaW

women, 571.
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Paulus, JEgineta, 4.

Peach—Penalty of, 4.

Pearl-white, 588.

Peas, green—Copper in, 580.

PecUer on a platinum compound of

the active principle of the cobra
poison, 455.

Pelikan on effect of saponin on frogs,

420, 421.

Pellagri's test for morphine, 281.
Pelletier and Cahor on the solu-

bility of strychnine, 305.
Pelletier and Caventou—Discovery of

strychnine,

16.

J, —Extraction of
strychnic
acid, 328.

PelletierandThiboumery—Discovery
of pseudomorphine, 301.

Perchloride of iron (see fcrnc
chloride).

Pereirine, 329.
Peroxide of hydrogen, 118.
Perrin on the elimination of alco-

hol, 125.

Persian opium, 267.
Pesci on a volatile compound of

phosphorus ia the urine after
phosphorus-poisoning, 218.

Petit's aconitine—Activity of, 336,
337.

Petroleum, 111.

„ —Effects of, 113.

,, ether, 111.

,, naphtha, 112.

—Separation of, from
organic and other mix-
tures, 114.

—Statistics of poisoning
by, 32.

. Pfaff 's prussic acid, 177.
Pfeiffer, E—Experiments with oxalic

acid, 484.
Phalloidin, 397.
Pharaoh's serpent, 603.
Phenic acid, 151.
Phenyl alcohol, 151.
Phenyl-sulphuric acid, 160.
Phipson on anaricus ruber, 398,

399.

Phosphine—Combustion of, 214.

„ —Effects of, 207.

). —Production of, 214.

)> —Properties of, 196.

Phosphine—Solubility in water and
blood, 209.

,, —Spectram of, 215.

Phosphomolybdic acid as a test for

alkaloids, 221, 222.

Phosphorus—Amoi-phous, 196.

„ —Antidotes for, 207.

—Changes in urinary
secretion produced by,

206, 207.

,, —Chronic poisoning by,
206.

—Detection of, 213-219.

,, —Discovery of, 5.

—Effects of, 201.

,, —Fatal dose, 200.

,, pastes, 197, 198.

—Poisoning, common
form of, 202.

,, —Hffimorrhagic form of,

203.

—Nervous form of, 203.

,> —Period at which symp-
toms commence, 204.

,, —Period after which
possible to detect, 218,
219.

>) —Period of death from,
204.

))
—Post-mortem appear-

ances in poisoninar by,
209-213.

)) —Quantitative estima-
tion of, 218.

>)
—Sequelai of poisoning

by, 204.

), —Statistics of poisoning
by, 30-33, 36, 199.

J J —Treatment of poisoning
by (Appendix), 667,
668.

,. —Various forms of, 196.
Phospho-tungstic acid as a test for

alkaloids, 239.

)> —Preparation of, 239.
Phosphurctted hydrogen (see phos-

phine).

Photogeu, 113.

Phrynine, 445.
Phrysa, 6.

Phijsostigma faha— Pharmaceutical
preparations of, 377.

Physostigmine—Carbonandnitrogeu,
percentage of, 246.

I
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Physostigmine—Effects on animals

of, 379.

—Effects on man, 379.

J,
—Fatal dose of, 381.

—Physiological action

of, 380.

—Pos<-wiorie??i appear-

ances in poisoning

by, 380.

—Properties of, 377-

379.

J J
—Separation of, by

solvents, 235.

„ —Tests for, 378.

J J
—Treatment of poison-

ing by {Appendix),

659.

Picoline in tobacco smoke, 261.

Picraconitine, 334.

Picric acid from the decomposition

of morphine, 281.

—Production of, by the

action of nitric acid, 85.

—Production of, in poison-

incrby nitro-benzene, 173

, —Se^paration of, by sol-

vents, 226, 227.

Picrotoxin, 434-437.
.—Effects on animals, 4.3b.

„ man, 436,437.

—Fatal dose of, 435.
" Physiological action of,

437.
—Properties of, 434, 43o.

'

' —Separation of, by chloro-

form, 230.

—Separation of, from

organic matters, 437.

—Sublimation of, 245.

—Treatment of poisoning
" by (Ajjpendix), 068.

Pilocarpinc^Sl^m
^^^^

" —Gold chloride, 248.
'

' —Nitrate solution of, 656.
" Platinum chloride, 248.
'' —Properties of, 382.
" —Sublimate of, 244.
" —Treatment of poisoning
" by (AppemUx), 668.

—Use of, in treatment of
"

atropine poisoning,363.

Pimento—Separation of, by solvents,

234
Pine-wood test for carbolic acid, 163.

Piperine—Carbon and nitrogen, per-

centage of, 246.

,, —Phospho-molybdate, 222.

,
, —Platinum chloride of, 248.

—Separation of, by solvents,

226 227.

Piturie, 264, 265.

Plants—Action of ammonia on, 92.

Platinum chloride as a test, 221.

Plenk—Case of poisoning mentioned

by, 93.

Plugge's paper on aconite, 341.

,, on relative acti\aty of the

commercial aconitines,

336, 337.

experiments on aconite, 341,

342.

Plums—Content of prussic acid in,

179.

Pocula emetica, 549.

Poison—Legal definition of, 20.

—Scientific definition of, 22,

23.

Poisons causing sudden death, 25.

,
, —Classification of, 25.

—General method of search

for, 52.

—Inorganic, 29.

—Irritant, 25.

,,
—Narcotic, 25.

,, secreted by living beings,

2S.

, ,
separated by solvents, 27.

—Statistics of accidental

deaths from, 33.

,
, —Suicide by, 33.

Poisoning—Treatment of {Appendix

B.), 655-672.

Poisonous amphibia, 28, 445.

Polygaliu, 419.

Pommerais case—Method used m, to

detect digitalis, 412, 413.

Poor man's friend, 604.

Poppies—Syrup of, 272.

Poppy tea—Death from, 275.

Porta, J. B., 10.

Potash (see jyolassuim hjdrate).

Potash permanganate — Action of,

on cobra poison, 457, 458.

Potassic carbonate, 96.

„ —Chromate, poa-
" mortem appear-

ances after

poisoning by,

638.
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Potassic bichromate, 636, 637.

;) ,, —Post-mortem
appearances in
poisoning by,
639.

)> ,, — Statistics of

poisoning by
(Table II.),

31.

>i ,, —Symptoms of
IJoisouing by,
639.

,, —Carbonate, 96.

—Chlorate, 104.

I) ,, Detection and
estimation of,

108, 109.

I. ,, Dose of, 107.

>) ,, Effects of, on
man, 106.

)> ,) on the stomach,
187.

„ —Cyanide, 179.

„ —Suicide by, 180.

„ —Ferrocyauide, 193.
—Nitrate, 103.
—Phenyl-sulphate, 167.

,, salts—Elimination of, 102.

,, tartrate, 101.

,, xanthogenate, 151.
Potassium and sodium — Relative
amounts in the blood of different
anunals, 653, 654.

Potassium hydrate (potash), 95-100.

" )) —Pharmaceutical
preparations of,

95.

" ), —Poisoning by
(statistics),

" ), 32-36.

„ —Tests for, 99.

" —Treatment of

poisoning by
(Ajipe n d i x),

»D 608.
rraag, L. van — Work relative to

poisons, 19.

, , on the physiological activity
_ of aconite, 341, .342.
Praslin, Due de—Suicide of, 514.
Preyer—Separation of curarine by.

385.
^'

,, on the action of prussic acid.
_ 182, 183.
Priestley, 15.

Pritchai'd—Case of criminal poisoning
by antimony, 553.

Prollius' method of opium assay,
268.

Protai)ine, in list of opimn allcaloids,

266.

,, —Tests for, 302.
Proust, 15.

Prussian blue—Test for prussic acid,
189.

Prussian statistics relative to poison,.
35 •

Prussic acid (see hydric cyanide).
Pseudaconine, 334.

Pseudaconitine, 334.
Pseudo-jervine—Properties of, 373.
Pseudomorphine, in list of opium

alkaloids, 266, 301.
Ptomames, 28, 461-467.

,, —Arsenical, 464.
—Bibliography of, 467,

468.

J! —Extraction by amyI

alcohol from alkaline
liquids, 463, 464.

,, —Extraction by ether,
462.

—By amyl alcohol and
ether, 464.

,, —From fatty matters,
464.

,, —Like coniine, 255.
,, —Like nicotine, 264.
,, —Volatile, 463,

Ptosis—As a symptom of sausage-
poisoning, 479.

Putrefaction—On retardation of, in
alcoholic poisoning, 124.

Putrid substances, 28.
Pyridine, 115.

,, —In tobacco smoke, 261.
,, —Reaction with ferrid-

cyanide of potash, 467.
Pyro-catechm—Separation of, from

urme, 161.

Pyromeconic acid, 303.

Q^-|J»"N-Separation of, by benzene,

Quebrachine, 328.
(Quebracho bkmco, 328,
Quillajin, 419.
Quinine—Carbon and nitrogen, ner-

centage of, 247.
M —Gold cliloride, 248.
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Quinine—Pliosplio-molybdate 222.

—Platinum chloride, 248.

—Process of estimating hy-

drochloric acid, 80.

—Process of estimafciag

mineral acids, 68, 69.

—Process of estimating

nitric acid, 87.

—Separation of, by solvents,

235.

Rabies—Possible confusion of atro

pine poisoning with, 363.

Rabuteau, A.—Work on poisons, 19.

on the action ofalcohol
" on frogs, 126.

Ralph on blue masses in the blood

after poisoning by prussic acid, 186.

Rat and fly poisons, 501, 502.

Rat poison, 197, 198, 203.

Rats and mice—Method of extermm-

ating by carbon disulphide, 149.

Rattle-snake—Poison of, 461.

Rayner, Dr. H., ou iasanity produced

by lead poisoning, 570.

Realgar, 499.

Redwood's formula for marking-inks,

594
Reese', John J.—Work relating to

poisons, 19.

J,
on detection of

" " strychniae when
mixed with other

alkaloids, 323.

Reimann and Posselt—Discovery of

nicotine by, 16.

Reinsch's test for arsenic, 527.

Reiss, 0. S. -Comparison of yellow

atrophy of the Uver and fatty liver

produced by phosphorus-poisoning,

212
Remer, W. H. G.—Work relative to

poisons, 19, . .

,

Resins—Extraction of arsenious acid

fi-om, 529.
. ^

Respiration and circulation—Appa-

ratus for simultaneously register-

Rcspiration-Symptoms referable to,

in poisoned animals, 41.

Reynold's gout specific, 390.

Rhigolcne, 111.

Rhceadine—Carbon and mtrogen, per-

centage of, 246.

—Properties of, 301.

Richardson, Dr. (of Pennsylvania),

on the blood, 653.

Richardsou,Dr.B.W.—Extraction of

a crystalline

sub stance
fromapysemic
fluid, 461.

—Experiment
with strych-

nine, 321.
_

on the admini-
" stration of

chloral, 135.

on amyl alco-

hol vapour,
126.

on amyl nitrite,

127.

„ ou turpentine

vapour, 119.

,, on the mor-
" tality from

chloroform,
135.

Richet on the action of strychnine,

314, 315, 317, 318. _
Riner's prussic acid, 177.

Ringer, Dr. S.,'on the action of the

neutral, sodic, and

potassic salts, 101.

on the effects of aco-

" " nite. 348, 349.

„ on the effects of

" pilocarpine, 382.

on the treatment of

" pilocarpine, 363.

,, on poisoning by atro-

pine, 363.
_

Robiquet's prussic acid, 177.

—Work relative to

poisons, 7.

Roger on the separation of strych-

nine, 321. ,

Rohi-ig on the influence of chloral on

the secretion of milk, 143.

Roman Imowledge of poisons, 3.

Romelliere on recovery fi-om puos-

IDhorus-poisoning, treated by inr-

pentine, 206. , ,

Eosenstein's experiments with leao,

RoSthal and Krocker on nicotine,

"63
Ro"ssbach-Action of atropine on

dogs, 362.
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Rossbach—Action of ecbolin, 433.

—Action of various poisons
on the infusoria, 39.

,, on colchicine, 391.

Roussin's tests for impurities in

chloroform, 130.

Eoux

—

Post-mortem appearances in
poisoning by colchicine, 393.

Euberine, 398.

E.ubi-jervine— Properties of, 373.
Rubini's essence of camphor, 120.

Russia—Deaths from alcohol in, 122.

Sabadilline—Carbon and nitrogen,

percentage of, 246.

,, —Separation of, by sol-

vents, 232.
Sahina communis (see also saviri), 441.
Sainsbury, Dr.—Toxic action of the

neutral salts of the alkalies, 101.
St. Croix, 12.

St. Ignatius-bean—Extract of, 308.
Salerng—Case of ijoisoning by ergot

of rye recorded by, 434.
Salet's method of observing spectra

of pbosphine, 214.
Salicin—Separation of by solvents,

238.

„ —Subliming point of, 244.
Saliva—Poison in, 468.
Salkowsky on poHt-mortem appear-

ances found after phos-
phorus-poisoning, 211.

on retardation of the
respiration as an effect

of carbolic acid, 161.
Salt—Action of, 101.

,, of tartar, 96.

Samandrine, 445.
Samuel, S., on local action of

ammonia, 92.

on the local effects of
alcohol, 97.

Sanderson, Dr. Burden—Mechanism
for artiKcial

respiration
and circula-

tion, 49.

)> )) on the action
of gclsemine,
331.

Sanguinarine—Carbon and nitrogen,
percentage of, 246.

Sansom on mortality from chloro-
form, 135.

Santonates, 423.

Santonin, 422-425.

, , —Effects on animals, 423.

„ man, 423,424.
,, —Fatal Dose of, 423.

., -^Poisoning by, 423.
—Properties of, 423.

,, —Separation of, 424, 425.
Sapogenin, 420.
Saponin, 419-422.

—Action on animals, 420.

,, insects, 421.

,, man, 421.
—Identification of, 422.
—Properties of, 420, 421.
—Separation of, by solvents,

229, 238.

—Separation of, 421, 422.
—Subliming point of, 244.

Sarracinin—Separation of, 232.
Sausage—Case of poisoning by, 477,

478.

,, poisoning—Statistics of, 28.

)) —Symptoms of,

observed in
Germany, 478,
479.

Savin

—

Post-mortem appearances in
poisoning by, 441, 442.

,, —Separation of, from other
matters, 442.

„ —Tincture of, 441, 442.

3) —Treatment of poisoning by
{Appendix), 668, 669.

Scabies—Arsenical treatment of, with
fatal result, 511.

,, —Carbolic acid, treatment
with fatal result, 157.

Scarbitinal rash in chloral poisoning.

Scarlet fever— Possible confusion
of, with atropine poisoning, 36.3.

Schaaf— Case of camphor-poisoning
recorded by, 121.

Schacht's method of opium assay, 269.
Schauenstcin—Case of atropine

poisoning related by,
357, .358.

—Case of poisoning by
strychnine recorded
by, 310.

,, on mortality from chlo-
roform, 135.

—Statistics of death
from strychnine, 310.

45
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Scheele—Death fromprussic acid, 180.

Scheele's acid—Strength of, 177.

green, 503.

Scheibler'3 process for extracting

alkaloids, 239.

„ test for alkaloids, 223.

Scherer's test for sulphur, 216.

Schliissing's estimation of nicotine

in tobacco, 256.

Schmidt, C, on amount of hydro-

chloric acid in the gastric juice, 75.

Schmidt, E., on the melting point

of atropine, 355.

Schmiedeberg on the action of chlo-

roform on the blood,

132.

on quantitative estima-

tion of chloroform,

139.

Schmiedeberg and Harnack— Syn-

thesis of muscarine, 396.

Schneider and Fyfe's method of dis-

tilling arsenic chloride, 542.

Schneider, F. C—Work relative to

poisons, 19.

Schonbein on ozone as an oxidiser of

arsenious acid, 526.

on the power of the blood
'

to decompose peroxide

of hydrogen, 186.

test for prussic acid, 189.

Schrader—Discovery of saponin by,

Schraube, 0.—Statistics of phos-

phorus-poisoning, 200.

Schroff—Case of poisoning by col-

chicum corms, related by,

393.—Post-mortem appearances
' from colchicum seen in

rabbits, 393.

J J
—Work relatingtoaconite,341

.

Schuchardt's aconitine, 338.

Schulz—Work on aconite, 341.

Schultzen and Eiess on the diminu-
tion of urea

in phospho-

rus - poison-

ing, 206.

on yellow
" " atrophy of

the liver in

phosphorus -

poisoning,
212.

Schweinfurt green, 503.

Scillain, 416.

Scillitin (see scillain).

Sclererythrin, 428.

Sclerocrystallin, 428.

Scleroidin, 428.

Scleromucin, 427.

Sclerotic acid, 428.

—Effects of, 433,

Scolosuboff on the localisation of

arsenic, 529.

Scorpion—Poison of, 28, 446.

Sea-hare, 3.

Sedgwick—Case of poisoning by can-

tharides, recorded by, 451, 452.

Seidel—Case of poisoning by prussic

acid, recorded by, 183.

Selmi, F.—Work relative to poisons,

19.

,, on a volatile phosphorus

product in the urine,

218.

,
, on ptomaines, 463.

—Process for separating

alkaloids, 223, 224.

Senegia, 419.

—Separation of, by solvents,

229, 238.

Sertiimer, 16.

Service-tree—Contents of prussic

acid in, 178.

Sewer-gas—Statistics of poisoning

by (Table III.), 32, 33.

Shale naphtha, 112.

Sheep-dipping compounds, 503.

Shot—Ai-seiiic in, 500.

Siebold's test for morphine, 281.

Sight affected in lead-poisoning, 570.

Silico-tungstic acid as a reagent for

alkaloids, 222.

Silver, 592-597.

„ —Chloride of, 592.

cyanide, 194,

—Detection and estimation

of, 596,

—Efifects on animals, 594.

in the arts, 593.

,, —Nitrate of, 592.

nitrate—Chronic poisoning by,

595.

—Post-morttm appear-

ances seen in tacai

cases, 595.

nitrate and potash, 593.

„ —Oxide o^ 592,
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Silver salts—Pharmaceutical prepar-

ations of, 593.

—Sulphide of, 592.

Simon, J. F.—Work relative to

poisons, 19.

SmeUing salts, 91.

Smilacin—Separation of by solvents,

230.

Smith, Angus, on emanations from
alkali works, 75.

oninfluence of hydro-
chloric acid on
vegetation, 80.

Robert—Case of poisoning by
paraffin, recorded by, 114.

Smoking—Death from, 261, 262.

Smoler, 0., 71.

Smyrna opium—Percentage of mor-
» phine in, 267.

Snakes—Poisonous, 454-461.

,i „ —Treatment of

bite from (Ap-
pendix), 669.

Snuff—Case of poisoning by, 260.
Soap—Compound pill of, 271.

Sobemheim, F. H.—Work relative

to poisons, 19.

Socrates—Death from poison, 6.

Soda, 96.

„ —Treatment of poisoning by
{Ajjpendix), 657.

Sodce, liquor, 96.

Sodic carbonate, 96.

,, exsiccata, 96.

hypochlorite—Solution of, 97.

,, —Nitrate of, 103.

,, ,, —Action of, 103.

,, nitrite, 104.

oxalate—Effects of, 4S3, 484.

,, —Treatment of poison-

ing by (Appendix),
667.

,1 salts as constituents of the
blood and tissues, 109.

„ ,, —Limit of toxicity of, 38.

„ ,, —Tests for, 99.

Sodium amalgam—Use of, in Davy's
process for the detection of arsenic,

537.

Sokoloff on prussic acid, 191, 192.
Solanine, 368-370.

carbon and nitrogen—Per-
centage of, 246.

,, phospho-molybdato, 222.

,, —Poisoning by, 369.

Solanine—Properties of, 368, 369.

,, —Separation of, 370.

„ ,, bysolvents,

237.

„ —Subliming point of, 244.

—Tests for, 369.

,, —Treatment of poisoning
by (Appendix), 669.

Solanum dulcamara, 368.

,,
nigrum, 368.

,, tuberosum, 368.

Soletus satanus, or luridus, 399.

Solomon's anti-impetigines, 604.

Sonnenschein—Case of death from
potassic ferridcyanide

recorded by, 194.

,, —Case of death from
tobacco juice re-

corded by, 261.

,, —Case of henbane
poisoningrecordedby,
367.

, , —Conversion ofbrucine
into strychnine, 324.

,, on arsenical earth, 531.

,, on arsenical - papered
rooms, 497.

,T —Test for strychnine,
332.

„ —Work on poisons, 19.
Soothing-syrup, 274, 275.
Soubeyi-an and Liebig's discovery of

chloroform, 130.

Soxhlet's apparatus, 54.
Sparteine—Separation of, by sol-

vents, 233.

Spectra of sodic and potassic salts, 99,
Spectroscopic appearances of the

blood in poisoning by ammonia, 92.
Spectrum of i^hosphine, 215, 216.
Speculum metal—Compositionof, 499.
Spiders—Poison of, 447, 448.
SquiU—Constituents of, 416.
Stadelmann on the effects of arsiae.

497.

Stahl, 15.

Stains of blood — Distinguishino-
marks of, 648-654.

Stannius on digitalis, 409.
Staphisagrine, 246.

,, —Carbon and nitrogen,
percentage of, 246.

Stas' process for alkaloiils, 223.
Statira, 6.

Statistics, 29.
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Stereotype metal, 549.

Stevenson, Dr.—Case of poisoning

by nitro-benzene, recorded by, 174.

Stibonium tetramethyl, 38.

Stcedler's method of detecting alcobol

in cMoroform, 131.

Stomach—Influence of alcohol on,

124.

,,
pump (Appendix), 655.

,, tube (Appendix), 655.

Storey's worm-cakes, 604.

Stramonium—Pharmaceutical prepa-

rations of, 354, 355.

—Treatment of poison-

ing by (.(l^J^jemdia;), 669.

Strauch on subliming point of

theine, 241.

Stromeyer, 15.

Strontium—Limits of toxicity, 38.

Strophantin, 416.

Struthin, 419.

Struve—Detection of prussic acid by,

long after death, 192.

Strychnic acid, 328.

Strychnine, 304-324.

J J
—Acetate, 307.

—Action of on animals,

314, 315.

—Action of on cepha-

lopoda, 39.

—Action of on man, 315,

316.

—Antagonism to physos-

tigmine of, 379.

—Antidote for, 261.
" —Chromate of, 307, 321.
" —Colour reactions for,

322.

—Diagnosis of poisoning

by, 316, 317.

—Discovery of, 16.
" —Double salts of, 307.

—Fatal dose of, 310-314.

—Gold chloride of, 248.
" —Letheby's galvanic test

for, 322.

—Microscopical appear-

ances of, 305.

—Nitrate of, 306.

—Pharmaceutical pre-

parations of, 307.

Phospho-molybdato of,

322.

—Physiological action of,

317.

Strychnine —Physiological tests for,

323.

,, —Precipitates of, 307.

,,
—Post-mortem appear-

ances in poisoning by,

318.

—Properties of, 305.

—Salts of, 306.

,, —Separation of by sol-

vents, 232-235.

,, —Separation of from
organic matters, 319.

,, —Separation from the

urine, 320.

—Short process of sepa-

rating, 238.

—SolubiUty of, 305.

—Statistics of poisoning

by (Table II.), 31, 36,

310.

,, —Subliming point .
of,

244.

,, —Sulphate of, 306.

—Sulphocyanide, 307.

—Treatment of poisoning

by (Appendix), 669.

—Trichloride, 307.

„ —Value of Mayer's pre-

cipitate, 247.

Styrian arsenic eaters, 509.

Subcutaneous injection of poisons, 41.

Subissi on abortion in animals as

an effect of carbolic acid, 159.

Sublimation of the alkaloids, 240-

245.

Subliming-ceU, 241, 242.

Sugar of lead (see lead acetate).

Suicide, ancient practice of, 3.

—English statistics of, 34.

—Prussian ,, 35.

Sulphate of baryta in the estimation

of sulphates, 69.

Sulphate of magnesiainthe intestines,

72.

Sulphates in food, 72.

in the intestinal canal,

Sulphide of ammonia test for chloral,

148.

Sulphocyanide, effects of, 194.

Sulphuric acid, 57-68.
. .

—Accidental, cnnii-
"

nal, and suicidal

poisoning by, 59.

—Action of on the
" blood, 61.
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Sulphuric acid—Action of, on carpet,

clothing, iron,
paper, 62.

,, ,, —Case of acute
poisoning by, 65.

,, ,, —Chronic poisoning
by, 66.

„ ,, —Criminal case of, 59.

,, ,, —Detection and esti-

mation of, 68.

,, ,, —External effects of,

60.

,, —Fatal dose of, 63.

,, ,, —In nature, 58.

,, ,, —Internal effects of,

64.

,, ,, —Local action of, 61.

—Properties of, 57.

,, — Statistics of iioison-

ing by, 59.

,, ,, —Symptoms of
poisoning by, 63.

„ ,, —Treatment of
poisoning by, 65
(see also Appendix,
656, 657).

Sulphuric anhydride, 58.

Superphosphateofmanure—Arsenical
fumes evolved during the manu-
facture of, 506.

Sweden—Deaths from alcohol in,

122.

Symptoms of poisoning, 41-51.

Syringin—Separation of, 230.

Tanqueril's observations on lead
poisoning, 569.

Tapeworm treated by tuvpentine,

Tardieu, Ambroise—Case of chronic
poisoning by
cantharides
recorded by,
452.

,, —Case of poison-
mg by phos-
phorus recor-
ded by, 209.

I, —Classification
of varieties of

phosphorus-
poisoning, 201.

1) )> —Work on poi-
sons, 19.

ITartar emetic (see antimony).

Tartaric acid—Statistics of poisoning
by, 31.

Tartra's experiments on the effects

of nitric acid, 85.

Taucliinia venenifera, 419.

Taylor, A. S.—Case of accidental in-

haHng of nitric acid
vapour reported by,
83.

,, —Case of alcoholic

poisoning recorded
by, 123.

,, —Case of ammonia
poisoning, 93.

,, —Case of chloroform
poisoning, 133.

,, —Case of coniine
poisoning, 254.

,, —Case of hydrochloric
acid poisoning, 78.^

,, — Case of naphtha
poisoning, 115.

, , — Case of poisoning by
nicotine, 260.

,, —Case of poisoning
by nitro - benzene,
172.

,, —Case of poisoning by
paraffin, 113.

, , —Case of poisoning by
phosphorus, 209.

, , —Case of poisoning by
prussic acid, 185.

), —Case of poisoning by
turpentine, 119.

,, — Classification of poi-
sons by, 24.

J , —Treatment of tetanus
by chloroform, 137.

), —Work on poisons, 19.
Taylor, J. Louisa, Recj. v., 572.
Taxine, 383, 384.

,, —Effects of on animals, 383.
Taxus, 4.

,, —JBaccaiufi, 383.
Teichmann's crystals, 651.
Tellurium as an impurity of bismuth,

589.

Terebenthene, 117.

,, dihydrochloride, 118.
Terpen es, 117, 118.

Tetanus from stryclininc poisoning,

!. —Treatment of by chloral,
144.
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9>
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)5

ThaUium, 641, 642.

—Poisonous effects of,

641, 642.

—Properties of, 641.

,, —Separation of, 642.

Thebaine—Carbon and nitrogen per-

centage, 247-

—Effects of, 299, 300.

nitrate, letlial dose of,

325.

,,
platinum chloride, 248.

„ —Properties of, 299.

^ J
—Separation of

,
by solvents

in Dragendorff's process,

236.

—Subliming point of, 244.

Tbebolactic acid, 266.

Theine—Carbon and nitrogen, per-

centage of, 246.

—Gold chloride of, 248.

—Platinum chloride of, 248.

—Separation of, by solvents,

227.

„ —Sublimation of, 241, 244.

Thenard, 15.

Theobromine—Carbon and nitrogen,

percentage, 246.

—Platinum chloride
"

of, 248.

—Separation of, 229.^
" —Sublimation of, 245.

Theriaca, 2.

Thevetin, 415, 416.

Thompson on the action of oil on

copper, 579.

Thorey's process of extractmg hyo-

scyamine, 366.

Thudichum, 70.
. , , i

on elimination of alcohol,

125.

method of separating
" potassic ethyl sulphate

from the urine,^ 167.

Thugs—Use of datura by, 359.

Thuillier's discovery of ergotism.

Thymol—Test for chloroform, 139.

Tiberius—Suicide of, 6.

Tillner, E.— Detection of prussic

acid by, long after death, 192.

Tissore—Case of atropine poisoning

described by, 360.

Titus, 3.

Tobacco, 256-264.

—Analysis of leaves of, 2ob.

Tobacco—Case of poisoning by, 260.

,,
juice—Fatal result of, 261,

262.

—Injury to, by nitric acid i

fumes, 82.

—Treatment of poisoning by '

(Appendix), 666.

,, smoke — Poisonous constit-

uents of, 261.

Toluene, 115.

Tonnelier—Case of poisomng by

arsenic, related by, 513.

Toulmouche—Criminal caseof poison-

ing by cenanthe crocata, recorded

by, 440.

Tox, 1.

Toxic action and chemical composi-

tion—Their relationship, 37.

Toxicity—Limit of, 38.

Toxicology—Meaning of the word, 1.

Toxiresin—Digitoxin, 401.

Traube—Action of digitalm oa the

heart, 409.

on rise of blood-pressure as

an effect of digitalis, 410.

Trees—Influence of arsenical fumes

on, 506.

Tri-bromo-phenol, 164.

Trichina s^Jira^is—Description of,«o.

Trichinosis, 475, 476.

Trimethylamiue—As a constituent

of ergot, 426.

—Carbon and nifcro-

"
gen, percentage

of, 246.

„ ^Ssparation of, by

solvents, 233.

y;-iMmp/t—Poisoning of the crew by

mercury, 606._

Trommsdorff, 15.

Tropic acid, 356.

Tropine, 356. .

TunstaU,_EiL—Formula for blacK

drop, 272. . . ,

Tunstall, Dr.—Chronic poisoning bf

sodic hydrocarbouate, 99.

Turuer's yellow, 563. . .

Turpentine -Statistics of poisoning

by, 30 .32.

-Treatment of poisoning

" by (Appendix), 670.

Turpeth mineral, 601.

Type metal, 549. , r

Tyrosin in the urine as a result oi

phosphorus-poisoning, 217.
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Upas, of Singapore, 419.
Upman's experiments on the action

of oxalic acid, 4S4.
Urai-i—Action of, on the frog, 47.

—Treatment of poisoning by
{Appendix), 662.

Uric acid in the blood as an effect of
poisoning by lead, 571.

Urine—Action of on plants, 92.
—Albumen in, 70.

—Changes in, produced by car-
bolic acid poisoning, 160, 161.

—Contents of, in sulphates, 66,
70.

—Detection of potassic chlorate
in, 108.

—Effects of phosijhorus in,

206.

—Estimation of sulphates in
health and disease, 70.

—Examination of for carbolic
acid, 167.

—Examination of for phos-
phorus, 206, 207.

—Identification of oxalate of
lime in, 492.

in phosphorus-poisoning, 206,

—Separation ofstrychninefrom,
320, 321.

Uro-chloral acid, 148.

Vachell, Dr. (of CarcUff)— Case of
poisoning by aconite recorded bv,
340.

^

Vacuum—Distillation in, 54.

,) _
—Process for drying, 53.

Valentins' experiments on the poison
of the scorpion, 446.

Valerius Maximus, 3.

Valette—Case of poisoning by arsine
recorded by, 498.

Vallance—Case of laburnum poison-
ing recorded by, 372.

Vauquelin's prussic acid—Strength
of, 177.

Vee's method of extractina; physostia:-
mine, 378.

Veratralbine—Properties of, 374.
Veratrine—Carbon and nitrogen, per-

centage of, 246.

„ —Commercial, 374, 375.

,, —Efi'ects on animals, 375.
)) ,, man, 375.

,, —Fatal dose of, 375.

Veratrine—Gold chloride of, 248.

, , —Pharmaceutical prepar-
ations of, 375.

,, —Phospho-molybdate of,

222.

,, —Properties of, 374.

,, —Separation of, 232, 236,
377.

—Treatment of poisoning
by (Appendix), 670, 671.

,, —Value of Mayer's pre-
cipitate, 247.

Veratrum—Alkaloids of, 372-377.
,, —Poisoning by, 376.

, , —Post-mortem appearances
in cases of poisoning by,
376.

,, —Slow poisoning by, 376.
,, viride—Alkaloids of, 373.

Verdigris—Poisoning by, 584.
Vermilion, 602.

Vermin killers, 309, 310.

)) ,) —Statistics of poison-
ing by, 30, 310.

,, pastes—Composition of, 197,
198.

Vesalius, 7.

Vidah's test for atropine, 356.

)) chloroform, 140.

. )) ), morphine, 281.
Vigla—Case of mental disease attri-
buted to chloroform, 138.

Violet powders—Arsenical, 510.
Viper—Common, 460, 461.
Viperin, 460.

Vij)er Russellii, 460.
Virchow's cloudy swelling of epi-

thelial cells after phosphorus-
poisoning, 210.

Voisin and Liouville—Extraction of
curarino by, 385.

Voit on excretion of morphine
292*

Volz—Case of death from potassic
ferrocyanide, 194.

Wagner's method of obtaining the
sulphate of an alkaloid, 248

Wall, Dr.—On the effects of the
cobra poison, 456, 457.

Waller's process for the estimation
of carbolic acid, 168.

Wall-paper-Arsenical, 497,512, 516.
Ward's red-pill, 549.
Wasps—Poison of, 448.
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"Wasps— Treatment of wasp-sting

{Appendix), 671.

Water hemlock (see oenanthe crocata).

Watt, James—Case of poisoning by

bariiim, recorded by, 643.

Wattisham—Cases of ergotism, 431,

432.

Webber, A.—Work on poisons, 19.

Wegner's experiments on the action

of phosphorus on bone, 206.

Wenzel's ecboline, 427.

,,
ergotine, 427.

Whitelock—Case of carbolic acid

poisoning, recorded by, 156.

White precipitate, 600.

—Effects of, 613.

White vitriol—Poisoning by, 621.

Wigner and Harland—On the com-

position of lead carbonate, 561.

Wilson, M.—Kegina v., 392.

Wilson, Dr.—Case of poisoning by

potassic bichromate, recorded by,

639.

Withering— Slowing of the pulse

through digitalis, 409.

Wittstein— Determiuations of the

content of nicotine in tobacco, 256.

Wittstock's process for the isolation

of colchicine, 394.

Wohler — On the elimination of

potassic chlorate, 107.

Wolckenhaar—Separation of a mco-

tine-like ptomaine by, 264.

WoUaston, Dr. — Account of the

Wattisham cases of ergotism by,

432.

Wood—Action of sulphuric acicl on,

62.

Wood, H. C—Work relative to

poisons, 19.
1

Woodmann, W. B. , and Tidy—Work
on poisons, 19.

Woorari (see curarine).

Wormley, H. C—Work on poisons,

Worinley, T. G.—Separation of gcl-

semine by, 329.

Wormlcy's experiments on the solu-

bility of sti^chnine, 305.

Worm-powder— Statistics of poison-

ing by, 30.

Wormwood — Separation of active

constituents, 228.

Woudreton, the poisoner, 8.

Wright, W. H., on the effects of

the bite of the katipo, 448.

Wright, Dr. Alder, on the aconite

alkaloids, 334,

„ ;, —Method of
separating the

veratrum alka-

loids, 373, 374.

Wright, Dr. Alder, and Luff, on the

alkaloids of the veratrum, 372,

373.

Wright's pearl-ointment, 604.

Wunderlich, C. A.—Case of poisoa-

ing by nitric acid recorded by,

85.

Wyss, Oscar, on certain effects of

sulphuric acid, 71._

on fatty degeneration

of the liver after phos-

phorus-poisoning, 211.

Xanthogenic acid, 151.

Yellow atrophy of the liver, 212,

213.

,, mercm-ial lotion, 600.

., sight, 423.

Yew—Berries and leaves, 383.

—Case of poisoning by, 383, 384

—Statistics of poisoning by, 31.

Young's researches on the effects of

poisons on the cephalopoda, 39.

Zinc, 620-627.

,, —Carbonate of, 620.

„ —Chloride of, 621.

—External use of, 624.

„ as a test for morphine, 280.

—Chromate, 621.

„ —Detection of, 626, 627.

—Effects on animals, 622.

,, in the arts, 621.

,, oxide, 623.

,,
—Sulphate, 623.

—Crimiual case of poisoning oj,

624. .

—rosl-moriem appearances m
cases of poisoning by, 625.

-Symptoms of poisoning "7
"

chloride of, 624, 625.

—Treatment of poisonmg oj

{Appendix), 671.

—Vessels, dangers of, 62-.

Zymotic poisons, 470.
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THE PICTORIAL SUNDAY BOOK:
Containing nearly two thousand Illustrations on Steel and Wood, and a

Series of Maps. Sroaily-third Thousand. Folio. Cloth, gill, 30/.
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PALEY{Archdeacon):NATURALTHEOLOGY.
The Evidences of the Existence and the Attributes of the
Deity. With Illustrative Notes and Dissertations, by Henry, Lord
Brougham, and Sir Ciiari.es Bell. Many Engravings. One vol
i6mo. Clotli, 4/.

'

With Lord Brougham's NOTES and
DIALOGUES ON INSTINCT. Many Illustrations. Three vols
i6mo. Cloth, 7/6. .

''

" When Lord Brougham's eloquence in the Senate shall have passed away and his.erv-ice-s as a statesman shall exist only m the free institutions which they have hebecl

IrJhT^'A ^r t""'"'""^, °r"
Natitral Theology will continue to inculcate imperishabletruths, .and ht the mind for the higher revelations which these truths are destined oforeshadow and confirm:'—£,/i,i6u>-£-/i Rcvicm.

u^-sluicu to

RAGG (Rev. Thomas) : CREATION'S TESTI-MONY TO ITS GOD : the Accordance of Science, Philosophy, and
Revelation. T/urieeulk Edition. Large crown Svo. Handsome cloth
bevelled boards, 5/.

'

t''* J"^'?
"'f/'k has been pronounced "The Book of the Age," "The best Don,.l-,r

Nltu^^rand^^^^^^^^^^
"The only complete Manuaf of Religiou^^iv^dTnS

RELIGIONS OF THE WORLD (The): Beino-
Confessions of Faith contributed by Eminent Members of every Denomtnation of Christians, also of Mahometanism, Parseeism, BrahminismMormonism, &c. &c., with a Harmony of the Christian Confessions^f

bevdled^3/6
" ' " Evangelical Alliance. Crown Svo. Cloth

and'HnailtiSc'^'"^
""^ individ^l.ie neces^Sy ^l?^;;^ °;^::;^[^^^

SOUTHGATE (Henry): SUGGESTIVE
THOUGHTS ON RELIGIOUS SUBJECT.S. (See page 31 )

SOUTHGATE (Mrs. Henry): THE CHRIS-
i/^i^A ^^^^J •'^"'1 Verse from the Best Writers

tt c!"k Ebgaii^s/."
'''''' ''""^ «S

WORDS AND WORKS OF OUR BLESSED
l-ORD

: and their Lessons for Daily Life Tvvn Ar^K. •

Foolscap, Svo. Cloth, gilt edges, 6/. ^ " ° ^
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SCIEN TIFIC WORKS.
MEDICAL WORKS

By WILLIAM AITKEN, M.D., Edin., F.R.S,

.^„^, ..r-^ ,M THF AKMY MEDICAL SCHOOL; EXAMINER IN MEDICINE FOK
PROFESSOR OF '^"O^l^^^j '^/^^^^^^^^ FELLOW OF THE SANITARV

""^INS^^F^aTE^T™^^^^ MEMBER OF THE ROVAL

IMPERIAL SOCIETY OF PHYSICIANS OF VIENNA J
AND OF THE

SOCIETY OF MEDICINE AND NATURAL HISTORY OF DRESDEN.

Now Ready. Seve7tth Edition. 42/.

The SCIENCE and PRACTICE of MEDICINE.
In Two Volumes, Royal 8vo., cloth. Illustrated by numerous Engrav-

Lgs on Wood, and a Map of the Geographical Disti^ution of Diseases

To a great extent Rewritten; Enlarged, Remodelled, and CarefuUy

Revised throughout.

Tn reference to the Seventh Edition of this important Work the Fublishers

wotdd only remmk,

:7.^fC" iJgtX^^^^^ p/atures of the Nr. Edition,

gr;SjX/bSf;sES OF T^K BRAIN and^Nervous SYSTEM >nay sM^aIly

mentioned. ,

Opinions of the Press.

"The work is an admirable one, and adapted to the req^enU
Professor, and Practitioner of Medicine.

. . • .^^^'^-^^rr^; him We know of

necked with the Science and Practice of Medicine. -Lancet.
_

E.xceUent from tHe beginning.
-^^J-P™-^^^^^^^^^^ Wght

S.dentaM3^c.t.ne^sU^^^

breadtli of the catliolic physician, is pre^<=n ed in Uiese pa es ot
^^^.^ ^^^^^.^^^

connected with morbid cpnditions
.°f^'''?,^,^Xric\l uses and pathological changes

anatomical structure, chemical compos.t.oi
p^^^^^^

P
^ compendium of

... A classica «'°J^k which docs honour to Bn^
Crichton-Bro-.vnc, M.D.,

77 A> c T nr,1 Chancellor s Visitor tn l^uitacy.
.

"^^^t S^v ^T^ EDITION Of this imnortant Text-Book ^^^^^^^^^^^f^^
. Dr. Aitken is indefatigable in ln.s efforts.

••.•,iJ^''=f^"°o include all the

arc iuimerous."-5r//M Medical Journal.

The Standard Text-Book in the ^ng 'sli LanP^
..^^^:„. Medical Jcu^al

no work more indispensable for the Pracluio er and St«den'.

^^^^^^^^^^^^^^"-^
language."-y>fc//^rf/ ^ and Gazette.

_ ^^^^^^^ „„q„estioD-
•' The cxtraordinarx "crit of Dr. Aitkcn s work^ . ^ •

^, ^:^^^^:--Practitioner.

ably performed a service to the profession of the mo!.t ^aiuaoic
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Prof. Aitken's 'Wo^ks—( Co/itimiedJ.

OUTLINES OF THE SCIENCE AND
PRACTICE OF MEDICINE. A Text-Book for Students. Second
Edition. Crown 8vo, 12/6.

" Students preparing for examinations will hail it as a perfect godsend for its concise-
ness."

—

A thencEum.

"Well-digested, clear, and well-%vritten, the work of a man conversant with every
detail of his subject, and a thorough master of the art of t&a^chxng."—British Medical
Journal.

— THE GROWTH OF THE RECRUIT,
and the Young Soldier, with a view to the Selection of "Growing Lads"
and their Training, 2/6.

ANSTED (Prof., M.A., F.R.S.) : NATURAL
HISTORY OF THE INANIMATE CREATION, recorded in the
Structure of the Earth, the Plants of the Field, and the Atmospheric
Phenomena. With numerous Illustrations. Large post 8vo. Cloth, 8/6.

BAIRD (W., M.D., F.L.S., late of the Brit. Mus.)

:

THE STUDENT'S NATURAL HISTORY ; a Dictionary of the
Natural Sciences : Botany, Conchology, Entomology, Geology, Miner-
alogy, Palceontology, and Zoology. With a Zoological Chart, and over
250 Illustrations. Demy 8vo. Cloth gilt, 10/6.

"The work is a very useful one, and will contribute, by its cheapness and comprehen-
siveness, to foster the extending taste for Natural ScisncG."—Westminster Review.

BROWNE (Walter R., M.A., M. Inst. C.E.
M. Inst. M.E., late Fellow of Trinity College, Cambridge) :

'

THE STUDENT'S MECHANICS : An Introduction to the Study
of Force and motion. With Diagrams. Crown 8vo. Cloth, 4/6.

" Clear in style and practicnl in method, "Xiii; Student's MiicirANics "
is cordialW

to be recommended from all points of view. . . . Will be of great value to StnHp, t{
desirous to gain full knowledge."

btudeub.

"The merits of the work are especially conspicuous in its cle.arness and brevity
deserves the attention of all who have to teach or learn the elements of Mec'haAir^
. . . An excellent conception."— H''«/;«/;w;'^r.ff<.wa/.

'ci.iiamcs

FOUNDATIONS OF MECHANICS.
Papers reprinted from the In crown 8vo, i/.
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WORKS by A. WYNTER BLYTH, M.R.C.S., F.C.S.,

Public Analyst for the County of Devon, and Medical Officer of Health fcr

St.Marylebone.

HYGIENE AND PUBLIC HEALTH (a Die-

tionary of) : embracing the following subjects :—
. . , .

j_ Sanitary Chemistry: the Composition and Dietetic \ alue of

Foods, with the Detection of Adulterations.

II.—Sanitary Engineering : Sewage, Drainage, Storage of Water,

Ventilation, Warming, &c.

III.—Sanitary Legislation: the whole of the PUBLIC HEALTH
ACT, together with portions of other Sanitary Statutes (without

altera'tion'^or abridgment, save in a few unimportant instances), in

a form admitting of easy and rapid Reference.

IV.—Epidemic and Epizootic Diseases : their History and Tro-

pagation, with the Measures for Disinfection.

V —HYGiiiNE—Military, Naval, Private, Public, School.

Royal 8vo, 672 pp., cloth, with Map and 140 Illustrations, 28/.

" A work that must have entailed a vast amount of labour ana research. . .
Will

become a Standard Work in Hygiene and Public llY.Ki.THr-Medical Jams ar.d

^"'Contains a great mass of information of easy x^i^x<tv.z^:'-Sanitary Record.

RE-ISSUE OF BLYTH'S "PRACTICAL CHEMISTRY''

In 2 Vols. • Crown 8vo.

Vol. I.-FOODS: THEIR COMPOSITION AND ANALYSIS.

Price 16/. (Ready.)

General Contents.

Historv of Adulteration -Legislation, Past and Present-Apparatus useful to the

rin,^^>rs-£er-Wine-V^^^^^^ and Lime Juice-Mustard-Pepper-.s«cc

BUter rimond-Annatto-Olive Oil-Water. Appendx^l Text of Knghsh ;u,.J

t1Z,!^X:^^r:iaborate Tables, FoMingLit^^^^^^^ and P„oto,raf.:

Frontispiece.

Vol II -POISONS: THEIR EFFECTS AND DETECTION.

(Nearly ready.)
^^^^^^^ ^^^^^^^^

Historical Introduction-Statistics-Gene^^ ^.)^[Sc:iSSVo^i:;:!ri;:
Special Appnratus-UassjficM^n.L-O^^^^^ ^.^^p^

Poisons : Arsenic Antimony Lead. Copper.^B^^^^^
^^^^

Iron, Chrommni, Alkaline J!.arins, o-l. ^/r

Blood-Spots.
^

" Stands UNKiVAU.HD for completeness of inforniaj^n . . A really ' practical

'



SCIENTIFIC PUBLICATIONS. 9

THE CIRCLE OF THE SCIENCES: A
SERIES OF POPULAR TREATISES ON THE NATURAL AND
PHYSICAL SCIENCES, AND THEIR APPLICATIONS, by
Professors Owen, Ansted, Young, and Tennant ; Drs. Latham,
Edwaed Smith, Scoffern, Bushnan, and Bronner ; Messrs.
Mitchell, Twisden, Dallas, Gore, Imray, Martin, Sparling,
and others. Complete in nine volumes, illustrated with many thousand
Engravings on Wood. Crown 8vo. Cloth lettered. Each vol., 5/.

Vol. I.—ORGANIC NATURE.—Part I. Animal and Vegetable Physiology : the Skeleton
and the Teeth; Varieties of the Human Race.

Vol. 2.—organic NATURE.—Part II. Structural and Systematic Botany—Invertebrated
Animals.

Vol. 3.—ORGANIC NATURE.—Part III. Vertebrated Animals.
Vol. 4.—INORGANIC NATURE.- Geology and Physical Geography; Crystallography

Mineralogy'; Meteorology, and Atmospheric Phenomena.
Vol. 5.—NAVIGATION ; PRACTICAL AND NAUTICAL ASTRONOMY.
Vol. 6.—elementary CHEMISTRY.
Vol. 7.—practical CHEMISTRY.—Electro-Metallurgy ; Photography; Chemistry of

Food ; and Artificial Light.
Vol. 8.—MATHEMATICAL SCIENCE.—Arithmetic ; Algebra; Plane Geometry; Logar-

ithms
; Plane and Spherical Trigonometry; Mensuration and Practical Geometry,

with use of Instruments.
Vol. 9.-MECHANICAL PHILOSOPHY.—Statics; Dynamics; Hydrostatics; Pneumatics;

Practical Mechanics ; and the Steam Engine.

I,

2.

3-

4-

5-

6.

7-

8.

9-

10.

II.

12.

13-

14.

IS-

16.

17.

18.

19-

20.

21.

22.

23-

24.

IN SEPARATE TREATISES. Cloth.

Ansted's Geology and Physical Geography, .

Breem's Practical Astronomy,
Bronner and Scoffern's Chemisti7 of Food and Diet,
Bushnan's Physiology of Animal and Vegetable Life,

Gore's Theory and Practice of Electro-Deposition, .

Imray's Practical Mechanics,
Jardine's Practical Geometry, ....
Latham's Varieties of the Human Species,
Mitchell and Tennant's Crystallography and Mineralogy,
Mitchell's Properties of Matter and Elementary Statics,
Owen's Principal Forms of the Skeleton and the Teeth,
Scoffern's Chemistry of Heat, Light, and Electricty,
Scoffern's Chemistry of the Inorganic Bodies,
Scoffern's Chemistiy of Artificial Light,
Scoffern and Lowe's Practical Meteorology, .

Smith's Introduction to Botany : Structural and Systematic,
Twisden's .Plane and Spherical Trigonometiy,
Twisden on Logarithms,
Young's Elements of Algebra, ....
Young's Solutions of Questions in Algebra,
Young's Navigation and Nautical Astronomy, .

Young's Plane Geometry,
Young's Simple Arithmetic,
Young's Elementary Dynamics

2/6.

2/6.

1/6.

1/6.

1/6.

1/6.

1/6.

3/.

1/6.

1/6.

3l-

1/6.

1/6.

2/.

1/6.

I/-

!/•

2/6.

1/6.

I/.

1/6.
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DALLAS (W. S., F.L.S.) :

A POPULAR HISTORY OF THE ANIMAL CREATION:
The Habits, Structure, and Classification of Animals. With coloured

Frontispiece and many hundred Illustrations. New Edition. Crown 8vo.

Cloth, 8/6.

DOUGLAS (John Christie, Mem. Soc. Tel. Eng.,
East India Govt. Telegi-apli Department, &c.)

:

A MANUAL OF TELEGRAPH CONSTRUCTION. For the use

of Telegraph Engineers and others. "With numerous Diagrams. Crown
Svo. Cloth, bevelled, 15/.

Second Edition. Published with the approval of the Director-General

of Telegraphs in India.

GENERAL CONTENTS.

Part I.

—

General Principles of Strength and Stability :

with the Strength of Materials.

Part II.—Properties and Applications of Materials, with
Specifications.

Part III.—Telegraph Construction, Maintenance, and
Organisation, treating of the Application of the Information

conveyed in Parts I. and II. to the case of Combined Structures;

including the Construction of Overground, Subterranean, and

Subaqueous Lines ; Office Fittings
;
Estimating ;

Organisation,

&c.
" Mr. D.ougIas deserves the thanks of Telegraphic Engineers for the excellent 'Manual

'

now before us . . . he has ably supplied an existing want . . . the subject is

treated with great clearness and judgment . . . good practical information, g^ven \\\

a clear, terse style."

—

Enginccrini;.

"The amount of information given is such as to render this volume a most useful

guide to any one who may be engaged in any branch of Electric Telegraph Engineer-

ing."

—

Atliettfcuii!.

"Calculated tp be of^great service to Telegraphic Engineers."—/>•<?«.

DUPRE (Alphonse, Ph. D., F.R.S., Prof, of

Chemistry at the Westminster Hospital) and HAKE (H. W., Ph. D.,

F.C.S., of Queenwood College) :

A MANUAL OF CHEMISTRY, Organic and Inorganic, for the use

of Students. /In preparation).

GRIFFIN (John Joseph, F.C.S.)

:

CHEMICAL RECREATIONS: A Popular Manual of Experiment.-il

Chemistry. With 540 Engravings of Apparatus. Tenth Edition. Crown

4to. Cloth.
[

Part I.—Elementary Chemistry, 2/.

Part II.—The Chemistry of the Non-Metallic Elements, mcludmg a

Comprehensive Course of Class Experiments, 10/6.

Or, complete in one volume, cloth, gilt top, . . 12/6.
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II

GURDEN (Richard Lloyd, Authorised Surveyor
for the Governments of New South Wales and Victoria) :

TRAVERSE TABLES : computed to Four Places Decimals for every

Minute of Angle up to loo of Distance. For the use of Surveyors and

Engineers. In folio, strongly half-bound, 30/.

, Published with Concurrence of the Surveyors- General for New South

Wales and Victoria.

"Mr. GuRDEN is to be thanked for the extr.-iordinary Uhour which he has bestowed

on facilitating the work of the Surveyor. ... An almost unexampled instance of

professional and literary industry."

—

Athenaum.
" Those who have experience in exact Survey-work will best know how to appreciate

the enormous amount of labour represented by this valuable book. The computations

enable the user to ascertain the sines and cosines for a distance of twelve miles to within

half an inch, and this by reference to but One Table, in place of the usual Fifteen

minute computations required. This alone is evidence of the assistance which the Tables

ensure to every user, and as every -Surveyor in active practice has felt the want of such

assistance, few knowing of their publication will remain without them."

—

Engineer.

"We cannot sufficiently admire the heroic patience of the author, who, in order to

prevent error, calculated each result by two different modes, and, before the work was
finally placed in the Printers' hands, repeated the operation for a third time, on revising

the proofs."

—

Engineering.
" Up to the present time, no Tables for the use of Surveyors have been prepared,

which, in minuteness of detail, can be compared with those compiled by Mr Gurden.

... With the aid of this book, the toil of calculation is reduced io a 7ninimum ;

and not only is time saved, but the risk of error is avoided. Mr. Gurden's book has but

to be known, and no Engineer's or Architect's office will be without a copy."

—

Architect.

JAMIESON (Andrew, C.E., F.R.S.E.)

:

STEAM AND THE STEAM ENGINE (A Manual of) for the use

of Students preparing for Government and other Competitive Examina-
tions. With Numerous Diagrams, Crown 8vo. {In preparation,')

JAMIESON (Andrew, C.E.), and MUNRO (John,
C.E.) :

A POCKET-BOOK OF ELECTRICAL RULES AND TABLES.
— (See Munro, John.)

LEARED (Ardiur, M.D., F.R.CP., late Senior
Physician to the Great Northern Hospital

:

IMPERFECT DIGESTION: Its Causes and Treatment. Post 8vo.

Seventh Edition. Cloth, 4/6.

" It now constitutes about the best work on the subject."

—

Lancet.

" Dr. Lcared has treated a most important subject in a practical .spirit and popular
manner."—Medical Times and Gaseilt.
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LINN (S.H., M.D., D.D.S., Dentist to the Imperial
Medico-Chirurglcal Academy of St. Petersburg) :

THE TEETH : How to preserve them and prevent their Decay. A
Popular Treatise on the Diseases and the Care of the Teeth. With
Plates and Diagrams. Crown 8vo. Cloth, 2/6.

" Everyone who values his teeth—(and who does not?)—should study this practical

little book."

" Many important truths on the preservation of the teeth and the irregularity of

children's teeth are here set forth ; and on the subject of artificial teeth there is sound

advice, which most of us may sooner or later be glad of."

—

Medical Times and Gazette.

" Contains much useful information and excellent advice."

—

Leeds Mercury.

" Deserves to be widely v&a.d."~Nort/iern Whig:

" We heartily recommend the treatise."

—

John Bull.

LONGMORE (Surgeon-General, C.B., Q.H.S.,
F.R.C.S., &c., Professor of Military Sm-gery in the Army Medical

School):

THE SANITARY CONTRASTS OF THE CRIMEAN WAR.
Demy 8vo. Cloth limp, 1/6.

"A most valuable-contribution to Military Medicine."—.SnVwA Medical Journal,

"A most concise and interesting Review."

—

Lamet.

M'NAB (W. Ramsay, M. D.,F.L.S., Professor of

Botany at the Royal College of Science, Dubhn):

A MANUAL OF BOTANY, Structural and Systematic, for the use of

Students. {In preparation.)

MOFFITT (Staff-Assistant-Surgeon A., late of the

Royal Victoria Hospital, Netley)

:

A MANUAL OF INSTRUCTION FOR ATTENDANTS ON
THE SICK AND WOUNDED IN WAR. With numerous Illustra-

tions. Post 8vo. Cloth, 5/.

** Published wtde^ the sanction of the National Society for Aid to the

Sick and Wounded in War.

MUNRO (John, C. E.) and JAMIESON
(Andrew, C.E., F.R.S.E.):

A POCKET-BOOK OF ELECTRICAL RULES AND TABLES,
for the use of Electricians and Engineers. Royal 32mo. {At press.)
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NAPIER (James, F.R.S.E., F.C.S.)

:

^icY^VT^^\^^J AND DYEINGRECEIPTS. Illustrated by Diagrams and Numerous SDecimer,.; nfDyed Cotton, Silk, and Woollen Fabrics, Demy TMrd Edknthoroughly revised andgreatly mlarged. Cloth, 21/.

^ '"^'^ J^'ittton,

I. Heat and Light.

General Contents.

II. A Concise System of Chemistry,
with special reference to Dyeing.

'III. Mordants and Alterants.

IV. Vegetable Matters in use In the
Dye-house.

V. Animal Dyes.
VI. Coal-tar Colours.

Appendix—Receipts for Manipulation.

e;c'ef5jgryTara^,e"t^o'=Th^e Ki?^ Sfer^! ''^-^f SuTlIf™ T"

A MANUAL OF ELECTRO-METAL
LURGY. With numerous lUustrations. Crown 8vo rinH. s-v/zEdthon, revised and enlarged, Tie.

^rown svo. Cloth. Ftflh

General Contents
I. History of the Art.

II. Description of Galvanic Batteries
and their Respective Peculiarities.

HI. Electrotype Processes.
IV. Bronzing.

V. Miscellaneous Applications of the
Process of Coating with Copper.

VI. Deposition of Metals upon one
another.

VII. Electro-Plating.
VIII. Electro-Gilding.
IX. Results of Experiments on the

Depositions of other Metals as
Coatings.

X. Theoretical Observations

whi'cl; rst^^oVt^ni'e^ruLro tif̂ itfU,r*°r..zf'^^ ^
frecious metals absorbed, and in eMu^Z lafe ff^^^^^^^We can heartily commend the work as a vl"Sable handbmlfnnf^"^^^^ • •

•

Ue^is."-Jotir7ial ofA/^piled Science
"^""""""^ handbook on the subject on which it

fn;;!' M^^^'LpfijTs w'etr,:^^^^^^^
of a proved and tried

infonnation.^are calculated'^o^ ^;:;^e"Urnt°^i^>^^^^^^^^^

PHILLIPS (John M A., F.R.S., late Professor
ot (neology in the University of Oxford) •

by\fo^S^r^:r?J.SJ°^?S^S= and Practical: Edited
Survey of Great BritdnrPaL President of "£ r^''„\

Geological

Harry Govier Seei.ey, F.R.S Prof^sor of rl^''''',^°"''>^ =
''^"^

College, London. With^umero ; ¥^5^ SectSns^^'^V
Characteristic Fossils. In Preparation ho^^ T ' °f
Thoroughly Revised and Augmented

Third Edition

:
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PHILLIPS (J.
Arthur, M. Inst C.E.,F.CS.,F.G.S.,

Ancien Eleve de I'Ecole des Mines, Pans) :

ELEMENTS OF METALLURGY ^^-^^j^'^J.'^S.ZftX

°[»vfbis Sc'i?f.rWSL Drawing. Royal 8v„., ,6,

pages, cloth, 34/-

General Contents.

A -i5^^^^o^lle^^SS:?^^^^--.
with .he.

BUTION. ^ , Mftal annually produced throughout the

"^•-^^^^^^^s^ftll'neroromd^^^^^^^^^

TV TheMTiot^STv^^^^^
ORBS,together.withthePKOCESSBS

^'^•-^^^^Ubtau.vk^^c^.v Treatment, compr.smg

:

Refractory Materials. An'imony. 1.™°^,^

Fire-clays. Nickel.

Fuels, 6-c.
Mercur^'

SUver.
AUuminium. Ri^muth' Gold.
C9pper. EeaT Platinum.

« Elements of Metallurgy ' Possesses mtrinsi^ mer^^^^^^^
fljf;^

workfs'pSly wanted by thegre«
. I opinion the

^rrwen^t?;eSs%he learned author, who
-'l^-^fL^^^^^^^^^

account of hisLlnowledged success a^^^^^^
Pf-"-' ^^TriSr th'

SeSthStTX^^^^^^^^
^^f-^;'^

Jojinial. .

Medical Services. vvim 15

Edition, Rr^ised and Enlarged, Tib.

..Kvery Medical O.cer i-c—f^^'l^^^^^^^^^^

"A complete vadt vucum to guiu
A surgeon

Medical Journal ^ ^ greatest practical valiic. • i„i^/er
"A capital litt c.book ^ °^ '^^^^^ „,a„ of resource at once. -IVestm
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SCIENTIFIC MANUALS
BY

W. J. MACQUORN RANKINE, C.E., LLD., F.R.S.,
Late Regius Professor of Civil Engineering in the University of Glasgow.

In Crown 8vo. Cloth.

I. RANKINE (Prof.): APPLIED MECHANICS-
comprising the Principles of Statics and Cinematics, and Theory of Struc-
tures, Mechanism, and Machines. With numerous Diagrams TentkEdition, 12/6.

" Cannot fail to be adopted as a text-book. . . The whole nf thf inr^.-^of- •

admirably arranged that there is every facility for refereMce."-]/^

"

II. RANKINE (Prof.): CIVIL ENGINEERING-
comprismg Engineering Surveys, Earthwork, Foundations, Masonry'Carpentry, Metal-worI<, Roads, Railways, Canals, Rivers, Water-worE'

S°«ri6/ • ^""^ Illustration's. FourtM

III. RANKINE (Prof.): MACHINERY ANDMILLWORK: comprising the Geometry, Motions, Work, Strength
Construction, and Objects of Macliines, &c. Illustrated with nearW^.SiWoodcuts. Fifth Edition, 12/6.

"Professor Rankine's 'Manual of Machinery and Millwork ' fiillv maintiin.; fh^reputation wh.ch he enjoys as a scientific author; higher praise it i VSt ' i^,"
any book. It cannot fail to be a lantern to the feet of every <^r.zZ^ "^ins[^^r

IV. RANKINE (Prof.): THE STEAM ENGINE and OTHER PRIME MOVERS. With Diagram of the

mS.Ss.'Xr^lS^^^^^^^ numerous^ Tables and^

T^^T?.^^?^ USEFUL RULES and
lAiiLiiS for Engmeers and others. With Appendix: Tables Tpst-jand Formula for the use of Electrical Engineers

; cLpSSubmarme Electrical Engineering, Electric Lighting, and Tiansm s onofPower. By Andrew JAMIESON, C.E., F.R..S.E. Sixth EdiJIZ^^^
MMnPy^ulfal'^''

collection of engineering data hitherto produced. "-^

' Every Electrician will consult it with vxo^\\."—Ettgiiieerhi_^.

VI. RANKINE (Prof.) : A MECHANICAL
1 EXT-BOOK. by Prof. Macquorn Rankine and E. F. BamufhC. E. With numerous Illustrations. Second Edition, 9/.

"'^^"•ER,

" The work, as a whole, 's very complete, and likely to prove inv.aluablc fni- f„r.,; u-a useful and reliable outline of the subjects treated oV'-MUiinp7out^ai_
'"""shmg

The Mechanical Text-Book forms a simple introduction to PuOFEssnr, P.x,
Series of Manijals on Engineering and Mechanics

Rankine's
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Prof Rankine's ^o-k.ks—[Continued].

VII RANKINE (Prof.): MISCELLANEOUS
q'rTFNTIFIC PAPERS, from the Transactions and Proceedings of the

Royal and other Scientific and Philosophical Societies, and the Scientific

Journals. Royal 8vo. Cloth, 31/6.

PART I.-Papers relating to Temperature, Elasticity, and Expansion

of Vapours, Liquids, and Solids.

PartIL—Papers on Energy and Its Transformations.

Part III.—Papers on Wave-Forms, Propulsion of Vessels, &c.
_

Memoir by P. G. Tait, M.A., Prof, of Natural Philosophy m the

Universify of Edinburgh. Edited by W. J.
Millar, C.E., Secretaiy to

Se Institute of Engineers and Shipbuilders m Scodand. ^\lth fine

Portrait on Steel, Plates, and Diagi-ams.

" No n^cre enduring Memorial of Professor ^anklne couM be de„^^^^
tva.SabTe"?;

in our tvtae:."—Architect.

^FATON (A. E., Lecturer on Marine Engineering

tVthe Royal Naval College, Greenwich, and Member of tlie Institute of

Naval Architects) : ^ - • .-u

A MANUAL OF MARINE ENGINEERING ;
Compnsing the

Desigring; Construction, and Working of Manne Machineiy. With

nuSus Illustrations. Second Edition. Demy 8vo. Cloth, 18/.

This Work has been prepared to supply exiting of aMoc^sh^ the

application of Theoretical P""-^;?'^^ '°
^f' eTding En^ and carried out in

MACHiNERY-as deternamed by the
'^^^.^pl'^^^^^Xr ui by Draughtsmen and practical

k^^^ntrr-vX^^^^^^ -dt^^X Mar^e Enfineering, and is fully

illustrated.

GENERAL CONTENTS.
III. Details of Marine Engines.

IV. Propellers.I. Principles of Marine Propul-

sion. ^
II. Principles of Steam Engineer- V. Boilers.

ING.
VI. Miscellaneous.

Opinions of the Press.

^^J^l^^^^it^^ .be most ,.h.b.

n^^^^Ji^^^^^^^ Hnrnc"- - existence."-./.^...
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SHELTON (W. Vincent, Foreman to the Imperial

Ottoman Gun Factories, Constantinople) :

THE MECHANIC'S GUIDE : A Hand-Book for Engineers and

Artizans. With Copious Tables and Valuable Recipes for Practical Use.

Illustrated. Crown 8vo, Clotli, 7/6.

GENERAL CONTENTS.

Part I.—Arithmetic.
j

Part V.—Wheel and Screw Cut-

Part II.—Geometry. ting.

Part HI.—Mensuration. Part VI.—Miscellaneous Subjects.

Part IV.—Velocities in Boring and Part VII.—The Steam Engine.

Wheel-Gearing. ,Part VIII.—The Locomotive.

" The Mechanic's Guide will answer its purpose as completely as a whole series of

elaborate text-books."

—

Mhtmg Journal.

" Ought to have a place on the bookshelf of every Mechanic."

—

Ircn.

" Much instruction is here given without pedantry or pretension."

—

Builder.

" A si/ie qua n07i to every practical Mechanic."

—

Raihvay Service Gazette.

\* This Work is specially intended for Self-Teachers, and places before the Reader a
concise and simple explanation of General Principles, together with Illustrations of their

adaptation to Practical Purposes.
^

THOMSON (Spencer, M.D., L.R.C.S., Edinburgh,
and J. C. STEELE, M.D., of Guy's Hospital) :

A DICTIONARY OF DOMESTIC MEDICINE AND HOUSE-
HOLD SURGERY. Thoroughly Revised and in part Re-Written by
the Editors. With a Chapter on the Management of the Sick-room, and
many Hints for the Diet and Comfort of Invalids. With many new En-
gra^ngs. Eighteenth Edition. Royal 8vo. Cloth, 10/6.

WYLDE (James, formerly Lecturer on Natural
Philosophy at the Polytechnic) :

TPIE MAGIC OF SCIENCE : A Manual of Easy and Amusing
Scientific Experiments. With Steel Portrait of Faraday and many hun-
dred Engravings. Third Edition. Crown 8vo. Cloth gilt and gilt

edges, S/.

"Of priceless value to furnish work for idle hands during the holidays. A thousand
mysteries of Modern Science arc here unfolded. Wc learn how to make Oxygen Gas,
how to construct a Galvanic J^atlcry, how to gild a Medal by Electro-Plating, or to
reproduce one by Electrotyping, how to make a Microscope or take a Photograph ;

while the elements of Mechanics arc cvplained .so simply and clearly that the most un-
mcchanical of minds must understand them. Such a work is deserving of the highest
praise."

—

T/ie Graphic.

"To those who need to be allured into ihe paths of Natural Science by witnessing the
wonderful results that can be produced by well-contrived experiments, we do not knowr
that we could recommend a more useful volume."

—

Aihcnceutit.
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EDUCATIONAL WORKS.

*^* specimen Copies of all the Educational Works pttblished by Messrs
Charles Griffin and Cotnpany via u be seen at the Libraries of the ColU^e o

Preceptors, South Kensingi07i Museum, and Crystal Falacs; a'so at the depots

of the ChiefEducational Societies.

BRYCE (Archibald Hamilton, D.C.L., LL.D..
Senior Classical Moderator in the University of Dublin)

:

THE WORKS OF VIRGIL. Text from Heyne and Wagner.
English Notes, original, and selected from the leading German, American,

and English Commentators. Illustrations from the antique. Complete ia

One Volume. Fourteenth Edition. Fcap 8vo. Cloth, 6/.

Or, in Three Parts :

Part I. Bucolics and Georgics, . . 2/6.

Part II. The ^neid. Books I.-VI.. . 2/6.

Part III. The ^neid. Books VII.-XII., . 2i6.

" Contains the pith of what has been written by the best scholars on the subject.

. . . The notes comprise everything that the student can want."

—

Atlieitieum.

" The most complete, as well as elegant and correct edition of Virgil ever published in

this country."

—

Educational Times.

"The best commentary on Virgil which a student can obtain."

—

Scotsman.

COBBETT (William): ENGLISH GRAMMAR,
in a Series of Letters, intended for the use of Schools and Young Pei-sons

in general. With an additional chapter on Pronunciation, by the Author's

Son, James Paul Cobbett. 7'he only correct a}id authorised Edition.

Fcap 8vo. Cloth, 1/6.

"A new and cheapened edition of that most excellent of all English Grammars,

William Cobbett's. It contains new copyright matter, as well as includes the equally

amusing and instructive ' Six Lessons intended to prevent Statesmen from writing m an

awkward manner.' "

—

Atlas.

COBBETT(William): A FRENCH GRAMMAR.
Fifteenth Edition. Fcap 8vo. Cloth, 3/6.

" Business men commencing the study of French will find this trc.itisc one of the best

aids. . . . It is largely used on the Conliucnt." -/)/w/<2«<t Comi/ics JfcmM.

COBBIN'S MANGNALL: MANGNALLS
III.STORICAL and MISCELLANEOUS QUESTIONS, for the use

of Young People. By Richmal Man(;nall. Greatly enlarged and

corrected, and continued to the present time, by Ingram Cobbin, M.A.

Fifty-fourth Thousand. New Illustrated Edition, iimo. Cloth, 4/.
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COLERIDGE (Samuel Taylor): A DISSER-
TATION ON THE SCIENCE OF METHOD. (Encychpadta

MdropolUana.) With a Synopsis. Ninth Edition. Cr. 8vo. Cloth, 2/.

CRAIK'S ENGLISH LITERATURE.
A COMPENDIOUS HISTORY OF

ENGLISH LITERATURE AND OF THE ENGLISH LANGUAGE
FROM THE NORMAN CONQUEST. With numerous Specimens.

By George Lillie Craik, LL.D., late Professor of History and

English Literature, Queen's College, Belfast. Nr^v Edition. In two

vols. Royal 8vo. Handsomely bound in cloth, 25/.

GENERAL CONTENTS.
Introductory.

I.—The Norman Period—The Conquest.

II.

—

Second English—Commonly called Semi-Saxon.

III.—Third English—Mixed, or Compound English.

, IV.—Middle and Latter Part of the Seventeenth Century.

v.—The Century between the English Revolution and
the French Revolution.

VI.—The Latter Part of the Eighteenth Century.

VII.—The Nineteenth Century (a) The Last Age of the
Georges.

• (b) The Victorian Age.

With numerous Excerpts and Specimefis of Style.

" Anyone who will take the trouble to ascertain the fact, will find how completely-

even our great poets and other writers of the last generation have already faded from the

view of the present, with the most numerous class of the educated and reading public.

Scarcely anything is generally read except the publications of the day. Yet nothing

IS MORE CERTAIN THAN THAT NO TRUE CULTIVATION CAN BE SO ACQUIREU. This IS

the extreme case of that entire ignorance of history which has been affirmed, not with

more point than truth, to leave a person always a child. . . . The present work

combines the History of the Literature with the History of the Language.

The scheme of the course and revolutions of the language which is follo\yed here is

extremely simple, and resting not upon arbitrary, but upon natural or real distinctions,

gives us the only view of the subject that can claim to be regarded as of a scientific

character."—MIx/rncifrom t/ie A !<t/iar's Pre/ace.
, , ,. r, ," Professor Craik's book going, as it does, through the whole history of the language,

probably takes a place quite by itself. The great value of the book is its thorough

comprehensiveness. It is .always clear and straightforward, and deals not in theories

but in facts."—Saturday Revim).
" Professor Craik has succeeded in making a book more than usually agreeable. —

TJlc Times.

CRAIK (Prof.): A MANUAL OF ENGLISH
LITERATURE, for the use of Colleges, Schools, and Civil Service

Examinations. Selected from the larger work, by Dr. Craik. Ninth

Edition. With an Additional Section on Recent Literature, by Henry
Cratk, M. a.. Author of " A Life of Swift." Crown 8vo. Cloth, 7/6.

"This augmented effort will, we doubt, not, be received with decided approb.ition

by those who .ire entitled to judge, and studied with much profit by those who want

to learn. . . . If our young readers Will, give healthy perusal to Dr. Craik's work,

they wiil greatly benefit by the wide and ^olind views he has placed before them."

—

Athcnieiim. \ ' ;
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WORKS BY CHARLES T; CRUTTWELL, M.A,
Fellow of Merton College, Oxford, and Head Master of Malvern College.

I.—A HISTORY OF ROMAN LITERA-
TURE : From the Earliest Period to the Times of the Antonines. , Third
EdiHon. Crown 8vo. Cloth, 8/6.
" Mr. Cruttweli. has done a real service to all Students of the Latin Language and

Literature. . . Full of good scholarship and good criticism."—.^/to/^a/zz.
"A most serviceable—indeed, indispensable—^guide for the Student. . . , The

' general reader ' wilf be both charmed and instructed."

—

Saturday Review.
" The Author undertakes to make Latin Literature interesting, and he has succeeded.

There is not a dull page in the volume."

—

Academy.
" The great merit of the work is its fulness and accuracy."

—

Guardian.
"This elaborate and careful work, in every respect of high merit. Nothing at all

equal to it has hitherto been published in England."

—

British Quarterly Review.

Co7}ipanion Volume. Second Edition.

II.—SPECIMENS OF ROMAN LITERA-
TURE : From the Earliest Period to the Times of the Antonines. Passages
from the Works of Latin Authors, Prose Writers, and Poets :

Part I.

—

Roman Thought : Religion, Philosophy and Science,

Art and Letters, 6/. •

Part II.

—

Roman Style : Descriptive, Rhetorical, and Humorous
Passages, 5/.

Or in One Volume complete, ro/6.

Edited by C. T. Cruttwell, M.A., Merton College, Oxford; and
Peake Banton, M.A., some time Scholar of Jesus College, O.xford.
"'Specimens of Roman Literature' marks a ilfew era in the study of Latin."

—

English Churchma7i.
" Schoolmasters and tutors will be grateful for a volume which supplies them at once

with passages of every shade of difficulty for testing the most different capacity, or which
may be read with advantage in the higher forms of schools. There is no other book of
the kind in this country which can be more safely recommended, either for its breadth,

cheapness, or interest."

—

Prof. Ellis in the "Academy."

C U R R I E (Joseph, formerly Head Classical
Master of Glasgow Academy)

:

THE WORKS OF HORACE: Text from Orellius. English

Notes, original and selected, from the best Commentators. Illustrations

from the antique. Complete in One Volume. Fcap Svo. Cloth, 5/.

Or in Two Parts :

Part I.— Carmina, 3/.

Part II.

—

Satires and Epistles, . .3/.
"The notes are excellent and exhaustive."—(>»/7r/f>-^ Journal ofEducation.

EXTRACTS FROM CESAR'S COM-
MENTARIES ;

containing his description of Gaul, Britain, and Germany.

With Notes, Vocabulary, &c. Adapted for Young Scholars. Fmuih
Edition. i8mo. Cloth, 1/6.

D'ORSEY (Rev. Alex. J. D., B.D., Corpus
Christi Coll., Cambridge, Lecturer at King's College, London)

:

SPELLING BY DICTATION: Progressive Exercises in English

Orthography, for Schools and Civil Service Examinations. Sixteenth

Thousand. i8mo. Cloth, i/.
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FLEMING (William, D.D., late Professor of
li'Ioial Philosophy in the University of Glasgow)

:

THE VOCABULARY OF PHILOSOPHY: Mental, Moral,
AND Metaphysical. With Quotations and References for the Use of
Students. Revised and Edited by Henry Calderwood, LL.D., Pro-
fessor of Moral Philosophy in the University of Edinburgh. Third
Edition, enlarged. Crown 8vo. Cloth bevelled, 10/6.

McBURNEY (Isaiah, LL.D.,): EXTRACTS
FROM OVID'S METAMORPHOSES. With Notes, Vocabulary, &c.
Adapted for Young Scholars. Third Editioti. i8mo. Cloth, 1/6.

MENTAL SCIENCE : S. T. COLERIDGE'S
celebrated Essay on METHOD ; Archbishop Whately's Treatises on
Logic and Rhetoric. Tenth Edition. Crown 8vo. Cloth, 5/.

MILLER (W. Galbraith, M.A., LL.B., Lecturer
on Public Law, including Jurispnidence and International Law, in the
University of Glasgow) :

LECTURES ON THE PHILOSOPHY OF LAW. In 8vo.
(/« preparation.)

WORKS BY WILLIAM RAMSAY, M.A„
Trinity College, Cambridge, late Professor of Humanity iu the University of Glasgow.

A MANUAL OF ROMAN ANTIQUITIES.
For the use of Advanced Students. With Map, 130 Engravings, and very
copious Index. Tivelflh Edition. Crown 8vo. Cloth, 8/6.
" Comprises all the results of modern improved scholarship within a moderate com-

pass. —Atkenceum.

RAMSAY (Professor) : AN ELEMENTARY
MANUAL OF ROMAN ANTIQUITIES. Adapted for Junior Classes.
With numerous Illusti-ations. Seventh Edition. Crown 8vo. Cloth, 4/.

^A MANUAL OF LATIN PROSODY,
Illustrated by Copious E.xamples and Critical Remarks. For the use
of Advanced Students. Sixth Editicn. Crown 8vo. Cloth, 5/.
" There is no other work on the subject worthy to compete with iC—Ai/ieiueuin,

AN ELEMENTARY MANUAL OF
LATIN PROSODY. Adapted for Junior Classes. Crown Svo. Cloth, 2/.
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THE SCHOOL BOARD READERS

:

A New Series of Standard Reading-Books.

EDITED BY A FORMER H.M. INSPECTOR OF SCHOOLS.

Adopted by many School Boards throughout tlu Country.

Standard III., . . 9^.

IV., . . IS. od,

v., . . IS. 6d.

Elementary Reader, Part T., id

„ II., 2d
Standard I., . . • 4^

.. II 6d VI., . . 2s. od.

Key to the Questions in Arithmetic in 2 Parts, each 6d.

* * Each Book of this Series contains within itself all that is necessary to

fulfil the requirements of the Revised Code—viz., Reading, Spelling, and

Dictation Lessons, together with Exercises in Arithmetic for the whole year.

The paper, type, and binding are all that can be desired.
_

"The Books generally are very much what we should
'^J^'^'^ -J'"'";" The Series is decidedly one of the uest that have yet appeared. —Ai/ifia^u>"-

THE SCHOOL BOARD MANUALS
On the Specific Subjects of the Revised Code,

BY A FORMER H.M. INSPECTOR OF SCHOOLS,

£ditor ofthe " School Board Readas."

64 pages, stiff wrapper. 6d. ; neat cloth, ^d. each.

I.—ALGEBRA.
II.—ENGLISH HISTORY.

III.- GEOGRAPHY.
IV.—PHYSICAL GEOGRAPHY.

v.—ANIMAL PHYSIOLOGY. (\\c\\

Illuslrated with good Engravings.;

VI.—BIBLE HISTORY. (Entirely free

from any Denominational bias.)

SENIOR (Nassau William, M.A., late Professor

of Political Economy in the University of O.xford).
. ^. ,-1

A TREATISE ON POLITICAL ECONOMY : the Science which

treats of the Nature, the Production, and the Distnbution of ^^ ealih.

KiUion. Crown 8vo. Cloth. {Encyclop<rdta Mctropohtaua\ 4/.

THOMSON (James): THE SEASONS With

an Introduction anV Notes 4 Robert Be.L, Editor of the A„„otated

Series of Briti.sh Poets." Third Edition. I cap 8vo. Cloth, /b.

• An adminible introduction to the study of our English classics.

WHATELY (Archbishop): LOGIC-A Treatise

on. With Synopsis and Index. (Ei,cyclopa:dia Mctropolitana), 3,
.

RHETORIC—A Treatise on. With

Synopsis and Index. {Emyclopccdia Mdropolitam), 2,1^.

WYLDE (James): A MANUAL OF MATHE-
MATICS, Pure and Applied, 10/6.
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WORKS IN GENERAL LITERATURE.

BELL (Robert, Editor of the "Annotated Series of
British Poets")

:

GOLDEN LEAVES FROM THE WORKS OF THE POETS
AND PAINTERS. Illustrated by Sixty-four superb Engravings on
Steel, after Paintings by David Roberts, Stanfield, Leslie, Sto-
THARD, Haydon, Cattermole, Nasmyth, Sir Thomas Lawrence,
and many others, and engraved in the first style of Art by Finden,
Greatbach, LiGHTFOOT, &c. Second Edition, 4to. Cloth gilt, 21/.
" 'Golden Leaves' is by far the most important book of the season. The Illustrations

are really works of art, and the volume does credit to the arts of England."—i^Z/wv/ny
lievtew,

' The Poems are selected with tasle and judgment."

—

Times.
"The engravings are from drawings by Stothard, Newton, D.anby, Leslie, and

Turner, and it is needless to .say how charming are many of the above here "iven."

CHRISTISON (John) : A COMPLETE SYS-
TEM OF INTEREST TABLES at 3, 4, and 5 per Cent. ; Tables
of Exchange or Commission, Profit and Loss, Discount, Clothiers', Malt,
Spirit, and various other useful Tables. To which is prefixed the Mercan-
tile Ready-Reckoner, containing Reckoning Tables from one thirty-second
p^art of a penny to one pound. New Edition. Greatly enlarged. i2mo..
Bound in leather, 4/6.

THE WORKS OF WILLIAM COBBETT.
)

THE ONLY AUTHORISED EDITIONS.

COBBETT (WilHam) : ADVICE TO YOUNG
Men and (incidentally) to Young Women, in the Middle and Iligheu '

Ranks of Life. In a Series of Letters addressed to a Youth, a Bachelor
a Lover, a Ilii.sband, a Father, a Citizen, and a Subject. Nii< Editioii
With adniirable Portrait on Steel. Fcap Svo. Cloth, 2/6.

"Cobbctt's great qualities were immense vigour, resource, energy, and coiiri^ejoined to a force of understanduig, a degree of logical power, and above all a forro n'f

f3??'""' "''"i-"'
,''''7 'T'^- ''l"""^^. ... He was the most English ofh-nglishmen. — .Srt/«n/«j' /('(WCTK.

'^"Bu.mi ui

,
his faults, Cobhett's style is a continual refreshment to 1^,

'English undelilcd. "•-/'«// iV«//6-rtaf//f.
<-»"menc to llie lover of
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William Cobbett's Works—f'
Continued).

COBBETT (Wm.) : COTTAGE ECONOMY :

Containing information relative to the Brewing of Beer, Making of Bread,

Keeping of Cows, Pigs, Bees, Poultry, &c. ; and relative to other matters

deemed useful in conducting the affairs of a Poor Man's Family. Eighteenlh

Edition, revised by the Author's Son, Fcap 8vo. Cloth, 2/6.

. EDUCATIONAL WORKS. (See

page 18.)

A LEGACY TO LABOURERS: An
Argument showing the Right of the Poor to Relief from the Land With

a Preface by the Author's Son, John M. Cobbett, late M.P. for Oldham.

New ^.dition. Fcap Svo. Cloth, 1/6.

" The book cannot be too much studied just now."—Noiicon/ormisi.

"Cobbett was, perhaps, the ablest Political UTiter England ever produced, and his

influence as a Liberal thinker is felt to this day. . . . It is a real treat to read his

strong racy language."—/"J^i/zf Opinion.

A LEGACY TO PARSONS : Or, have the

Clergy of the Established Church an Equitable Right to Tithes and

Church Property ? New Edition. Fcap Svo. Cloth, 1/6.

"The most powerful work of the greatest master of political controversy this countrj'

has ever produced."— Mall Gazette.

COBBETT (Miss Anne): THE ENGLISH
HOUSEKEEPER; or. Manual of Domestic Management. Containmg

Advice on the conduct of Household Affairs and Practical In^t^ctions

intended for the Use of Young Ladies who undertake the supenntendence

of their own Housekeeping. Fcap Svo. Cloth, 3/6.

COOK'S VOYAGES. VOYAGES ROUND
THE WORLD, by Captain Cook. lUustrated with Maps and numerous

Engravings. Two vols. Super-Royal Svo. Cloth, 30/.

DALGAIRNS (Mrs.) ; THE PRACTICE OF
COOKERY, adapted to the business of Eveiy-day Life. By Mrs. JJAL-

GAiRNS V^. belt bookfor Seotch dishes. About Fifty new Recipes have

been added to the present Edition, but only such as the Author has had

X^te me^ns of^ascertaining to be valuable. Seventeenth EdUton.

Fcap Svo. Cloth. {/« preparation.)

the tradesman's to the country geiUlcman s. —Spectatot.



GENERAL PUBLICA TIONS. ^5

D'AUBIGNE (Dr. Merle) : HISTORY OF THE
REFORMATION. With the Author's latest additions and a new Pre-

face. !Many Woodcuts, and Twelve Engravings on Steel, illustrative of

the life of INIartin Luther, after Labouchere. In one large volume.

Demy 4to. Elegantly bound in cloth, 21/.

" In this edition the principai actors and scenes in the great drama of the Sixteenth
Century are brought vividly before the eye of the reader, by the skill of the artist and
Kngraver."

DONALDSON (Joseph, Sergeant in the 94th
.Scots Regiment)

:

RECOLLECTIONS OF THE EVENTFUL LIFE OF A
SOLDIER IN THE PENINSULA. AVrc/ Edition. Fcap 8vo.

Gilt sides and edges, 4/.

EARTH DELINEATED WITH PEN AND
PENCIL (The) : An Illustrated Record of Voyages, Travels, and Ad-
ventures all round the World. Illustrated with more than Two Hundred
Engravings in the first style of Art. by the most eminent Artists, including
several from the master-pencil of GustAVE Dore. Demy 410, 750 pages.
Very handsomely bound, 21/.

MRS. ELLIS'S CELEBRATED WORKS
On the Influenxe and Character of Women.

THE ENGLISHWOMAN'S LIBRARY:
A Series of Moral and Descriptive W^orks. By Mrs. Ei.t.is. Sinall

<Svo. Cloth, each volume, 2/6.

1.—THE WOMEN OF ENGLAND: Their Social Duties and
Domestic Habits. 1hirly-ninth Thousand.

2.—THE DAUGHTERS OF ENGLAND: Their Position in

Society, Character, and Responsibilities. Ttuoilictli Thoitsaitd.

3.—THE WIVES OF ENGLAND: Their Relative Duties,

Domestic Influence, and Social Obligations. EiaJUcmlk
Thottsand.

4.—THE MOTHERS OF ENGLAND: Their Influence and Re-
sponsibilities. Tiwntidh Thousand.

5.—FAMILY SECRETS ;
Or, Hints to make Home Happy.

Three vols. Tiivnty-lhird Thousand.
6.—SUMMER AND WINTER IN THE PYRENEES. Tenth

Thousand.

7.—TEMPER AND TEMPERAMENT ; Oi-, Varieties of

Character. Two vols. 'jcnth Thousand.

8.—PREVENTION BETTER THAN CURE ; Or, the Moral
Wants of the World we live in. Tivdjth Thousand.

9. -HEARTS AND HOMES; Or, Social Distinctions. Three
vols. Tenth Thousand.
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THE EMERALD SERIES OF STANDARD AUTHORS.

BURNS' (Robert) SONGS AND BALLADS.
With an Introduction on the Character and Genius of Bums. By

Thomas Carlyle. Carefully printed in antique type, and illustrated

-with Portrait and beautiful Engravings on Steel. Second Thousand.

Cloth, gilt edges, 3/.

BYRON (Lord): CHILDE HAROLD'S PIL-
GRIMACE. With Memoir by- Professor Spalding. Illustrated with

Portrait and Engravings on Steel, by Greatbach, Miller, Lightfoot,

&c , from Paintings by Cattermole, Sir T. Lawrence, H. Howard,

and Stothard. Beautifully printed on toned paper. Third Thousand.

Cloth, gilt edges, 3/.

CAMPBELL (Thomas): THE PLEASURES
OF HOPE. With Introductory Memoir by the Rev. Charles Rogers,

LL.D., and several Poems never before published. Illustrated with Por-

trait and Steel Engravings. Second Thousand. Cloth, gilt edges, 3/.

CHATTERTON'S (Thomas) POETICAL
WORKS With an Original Memoir by Frederick Martin, and

Portrait. Beautifully illustrated on Steel, and eleganUy prmted. Fourth

Thousand. Cloth, gilt edges, 3/.

GOLDSMITH'S (Oliver) POETICAL WORKS
With Memoir by Professor Si'ALDING. Exquisitely illustrated with Steel

Engravings. Nm) Edition. Printed on superior toned paper. Seventh

Thousand. Cloth, gilt edges, 3/.

GRAY'S (Thomas) POETICAL WORKS. With

Life by the Rev. John Miti-ord, and Essay by the Earl of Carlisle.

With Portrait and numerous Engravings on Steel and Wood. Elegant y

printed on toned paper. Eton Edition, with the Latin Poenis. Stxt/i

Thousand. Cloth, gill edges, 5/.

HERBERT'S (George) POETICAL WORKS.
With Memoir by T. Nichol, B.A., O.Kon, Prof, of English Literature m

Uie Univasity of Glasgow. Edited by Charles Cowden Clarke.

Aiitique headings to each page. Second Thousand. Cloth, gilt edges, 3,'.

KEBLE (Rev. John): THE CHRISTIAN
YEAR. With Memoir by W. Temple, Portrait, and Eight beauUful

Engravings on Steel. Second Thousand.

Cloth, gilt edges, .... 5,
-

Morocco, elegant

Malachite
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The Emerald Sts-^ies—{Continued).

POE'S (Edgar Allan) COMPLETE POETICAL
WORKS. Edited, with Memoir, by James Hannay. Full-page Illus-

trations after Wehnert, Wier, Sic. Toned paper. T/m-tcenth Thousand.
Cloth, gilt edges, . . . .3/.
Malachite,...... 10/6.

Oi/ie?' vohuncs in preparation.

FINDEN'S FINE ART WORKS.
BEAUTIES OF MOORE: being a Series of

Portraits of his Principal Female Characters, from Paintings by eminent
Artists, engraved in the highest style of Art by Edward Finden, with a
Memoir of the Poet, and Descriptive Letterpress. Folio. Cloth gilt, 42/.

DRAWING-ROOM TABLE BOOK (The): a
Series of 31 highly-finished Steel Engravings, with descriptive Tales by
Mrs. S. C. Hall, Mary Howitt, and others. Folio. Cloth gilt, 21/.

GALLERY OF MODERN ART (The) : a Series
of 31 highly-finished Steel Engravings, with descriptive Tales by Mrs.
S. C. FIall, Mary Howitt, and others. Folio. Cloth gilt, 21/.

FISHER'S READY -RECKONER. The best
in the World. New Edition. i8mo. Cloth, 1/6.

GILMER'S INTEREST TABLES; Tables for
Calculation of Interest, on any sum, for any number of days, at _J^, i,

iK> 2, 2_J^, 3, 3^, 4, 4^, 5 and 6 per Cent. By RoUERT Gilmer.
Corrected and enlarged. Etevent/i Edition. i2mo. Cloth, 5/.

GR^ME (Elliott) : BEETHOVEN : a Memoir.
With Portrait, Essay, and Remarks on the Pianoforte Sonatas, with
Flmts to Students, by Dr. Ferdinand Hiller, of Cologne. Second
Edition slightly enlorgcd. Crown 8vo. Cloth gilt, elegant, 5/.
" ^\-]^ elegant and interesting Memoir. . . . Tlie newest, prettiest, and most

readable slcetch of the immortal Master of 'M.ufXc.—Miisicil Standard.
A gracious and pleasant Memorial of the Centenary."—.y/ct /rtto;-.
Xhis delightful little book — concise, sympathetic, 'n\A\c\o\\s." — Manchesier

Ji,xaminer.

' A NOVEL WITH TWO HEROES.
Second Edition. In 2 vols. Post 8vo. Cloth, 21/.

^
A decided literary success."

—

Aihencemn.
" Clever and amusing . . . above the aver.igc even of good novels . freefrom sensationalism, but full of interest . . . touches the deeper cliords of life

- . . delineation of character remarkably good."-^/fc:/a/6»-.
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HOGARTH : The Works of William Hogarth, in

a Series of 150 Steel Engravings by the First Artists, with descriptive

Letterpress by the Rev. John Trusler, and Introductory Essay by James
Hannay. Folio. Clotli, gilt edges, 52/6.

"The Philosopher who ever preached the sturdy English virtues which have made us
j

what we are."

KNIGHT (Charles): PICTORIAL GALLERY
OF THE USEFUL AND FINE ARTS. With Steel Engravings, and

nearly 4,000 Woodcuts. Two vols. Folio. Cloth gilt, 42/.

PICTORIAL MUSEUM OF ANIMA-
TED NATURE. Illustrated with 4,000 Woodcuts. Two vols. Folio.

Cloth gilt, 35/.

MACKEY'S FREEMASONRY:
A LEXICON OF FREEMASONRY. Containing a definition of its

Communicable Term.s, Notices of its History, Traditions, and Antiquities,

and an Account of all the Rites and Mysteries of the Ancient World. By

Albert G. Mackey, M.D., Secretary-General of the Supreme Council

of the U.S., &c. Seventh Edition, thoroughly revised witli Appendix by

Michael C. Peck, Prov. Grand Secretary for N. and E. Yorkshire. I land-

.somely bound in cloth. {At Press.)

HENEY MAYHEW'S CELEBRATED WORK ON
THE STREET-FOLK OF LONDON.

LONDON LABOUR AND THE LONDON
POOR - A Cyclopredia of the Condition and Earnings of those that u-iU

work ami those that cannot -work. By Henky Mayhew. With niany

full-page Illustrations from Photographs. In three vols. Demy bvi-.

Cloth. Each vol. 4/6. .

" Every page of the work is full of valuable information, laid down m so mterestmg .t

manner that the reader can never tire." ~///"i/'vi/tv/2,<w<i'<>« j\r:t/j.

•"Mr. Henry Mayhew's famous record of the liabits, earnings, and sufferings of the

I ondon v:oor."~-Lloyd's Weekly London Ne^i.spaper.
1 c , ,„ 1

"TOs rem in w4ich Mr. Mayhew g.-.ve the better clas.ses then- first rc.

insight into the habits, modes of livelihood, and current of thougnt of the I.ond...

poor."— The Fatrioi.

The Extra Volume.

LONDON LABOUR AND THE LONDON
POOR : Those that will uot work. Comprising the Non-workers, by

Henry Mayhew; Prostitutes, by Bracebridge :

^ Yn.ro
"

hv ToiiN Binny • Bccears, by Andrew Haluday. With an Intro-

Suc/o^rFssaron^hXenciesat Present in Opc.ation in the Metropoh>

for hL^SupFession of Crime and Vice, by the Rev. William 1 ucKNis.,

B.A Chiplain to the Society for the Rescue o. N oung Women ami

Children With Illustrations of Scenes and Localities. In one large

^^^-heSif^di of S^injtuor f.r the casual -de. ^Ucthe philanthropic

and the philo.sopher will find details of the greatest import. - C.ty I rcss.
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Mr. Mayhew's London 'LKSOVK—{Contimted).

Companion volume to the prea'dbtv.

THE CRIMINAL PRISONS OF LONDON
and Scenes of Prison Life. By Henry Mayhew and John Binny Illus-
trated by nearly two hundred Engravings on Wood, principally from
Photographs. In one large vol. Imperial Svo. Cloth, 10/6

.
1 his volume concludes Mr. Henry Mayhew's account of his researches into thecrime and poverty of London. The amount of laho.u- of one kind or other wh ch theuho^^series of his publications represents, is something almost incalculable!"-".!^^

\IetroooTs'''„nHlffT''r^''''°^^M°'" J'"'^ ^"^^ condition of the Poor ,>f the-Metropolis undertaken from philanthropic motives by Mr. Hf.N'Uv Mavhfu- first c,n „ ,1

yet remains to be done, the work will afford enli|htenmein; ^nir'ngtd w-i^h'^ij?™
."'^^

MILLER (Thomas, Author of ''Pleasures of aCountry Life," &c.) :

THE LANGUAGE OF FLOWERS. With Ei-ht beautifuliv

'

' ,, 3/6.
ilorocco,

^'^g

THE LANGUAGE OF FLOWERS
Abndge.1 from ihe larger work by Thomas MrirKR Wifi. . i .

bronlkpicce. a„ap Ai.n. Lmfp cloth, Od
" Ul, coloured

FOE'S (Edgar Allan) COMPLETE POETrCATWORKS. Ediled, with Memoir, by Jami-s 1-1ank,v f„it ,„„ 'i?;

POETRY OF THE YEAR: Or, Pastorals from
?Lrir,S'jii"ri"r.^^^^^^^^^^^^

'iZ^.t 1L',„., I^^.f^, .CARTOONS OFiAPIIAEL. Engraved on Steel in the first style of Art hv P r.VACH, after the Originals at South Kensington.^ WUhMe^?; S^^'-'"of Raphael, as painted bv himself -mrl i.',o
•

" enioir, Portrait

Folio. Elegantly bound in clotirio/G
°^ '^'^ Autograph.

" Forms a handsome volume."—.^r/ and Leiti-rs.
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SCHILLER'S MAID OF ORLEANS: {Die

Juno-frati vott Orleans). Rendered into English by Lewis Filmore,

translator of Goethe's Faust. With admirable Portrait of Schiller,

engraved on Steel by Adlaru, and Introductory Notes. In Crown 8vo.

Toned paper. Cloth, elegant, gilt edges, 2/6.

"Mr. Filmore's excellent translation deserves to be read by 7&:\-Norihern Whis-

"The drama has found in Mr Filmore a faithful and sympathetic translator. —Pubbc

Opinion.

SHAKSPEARE: THE FAMILY. The
Dramatic Works of WILLIAM SHAKSPEARE, edited and expressly

adapted for Home and School Use. By Thoma.s Bowdler, F.R.S.

With Twelve beautiful Illustrations on Steel. Nr.s) Edition. Crown bvo.

Cloth, gilt,

Morocco antique, .... ly/o-

* * This unique Edition of the great dramatist is admirably suited for
j

hovie use; tvhile objectionable phrases have been expurgated, no rash hbertits I

have been taken with the text. (

"It is quite undeniable that there are many passages in Shakspeare which a M^^^

354" 'hat •HsM from .uddinly Humbling upon .uch •»-primon.. .

iCSoll... .uch .con,, mu.. .11 ,*ioo
'^U,' L''S°l;Snt^.C^^^^^^^

SV' .1;*"°™ .ol*f CS'Z b..o *, i. .£Pu™ ^
bfn-rbo-'TisqtSvT^^^^^^^^

more natural and harmonious wilhout ihem. ^Lord J'Jfr.y .« '"c i

Review

SHAKSPEARE'S DRAMATIC & POETICAL
WORKS. Revised from the Original Editions, ^vith a Menioir anj

F<:c;av on his Genius by Barry Cornwall; and Annotations ana

fn' oVctory Remarks on\is Plaj-s, by R II
^^11 ^^^^^^^^^

writers. With numerous Woodcut Illustrations and f"''-P5%^;^"

Engravings by Kenny Meadows. Tenth Edition. Three vols. Super

royal 8vo. Cloth, gilt, 42/.

SHAKSPEARE'S WORKS. Edited by T. 0.

^
FULLiWELL, r.R.S., F.S.A With Historic^

^^^^^^^^

No..

Explanatory and Critical, and a Series of Portraits on Steel,

vols. Royal 8vo. Cloth gilt, 50/.
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MR. SOUTHGATE'S WORKS.
" No one who is in the habit of writing and speaking much on a variety of subjects can

aHord to dispense with Mr. Southgate's \NoRKS."—Glasgo%u News.

First Series—Thirty-Second Edition. Second Series-
Seventh Edition.

MANY THOUGHTS OF IVI A N Y MINDS:
Selections and Quotations from the best Authors. Compiled and

Analytically Arranged by

HENRY SOUTHGATE.
In Square 8vo, elegantly printed on Toned Paper.

Presentation Edition, Cloth and Gold, .... Each Vol 12/6
Library Edition, Roxburghe, ..... 14/
Ditto, Morocco Antique, ."

21/
Each Se?-ies complete in itself, and sold separately.

'I
The produce of years of r^s^xch.."—Examiner

.

Magi^ine!^'^^^^^'^^^'^
gift-booic, appropriate to all times and seasons.

" Not so much a book as a library."—/"^/W,?;?

Edinll^stDailTl^v"
Speakers will Had that the work has special uses for them."-

BY THE SAME AUTHOR.
Now Ready, Second Edition.

SUGGESTIYE THOUGHTS ON EELIGIOUS SUBJECTS:
A Dictionary of Quotations and Selected Passages from nearly 1,000 of

the best Writers, Ancient and Modern.
Compiled and Analytically Arranged by HENRY SOUTHGATE. In

Square 8vo, elegantly printed on toned paper.

Presentation Edition, Cloth Elegant, . . . lo/g
Library Edition, Roxburghe,

. . .
'

\
' '

'

12/
*

Ditto, Morocco Antique,
20/

"The topics treated of arc as wide as our Christianity itself: the writers quoted from ofevery Section of the one Catholic Church of JESUS :'-Authl7s ,^tce '

^

,1, A "'^r'^,''-
•^"""'Sate's most valuable volumes. . . . TheYnisVion which

S^ln this
y Pj;--„ting in literature is not only highly beneficial bu";e e --sary m tnis age.

. . . if men are to make any acqua ntancc at all with the trre-it mlnrUof the world they can only do so vvith the means which our Author suppi es.-SS.V
^
A casket o( gems. ~£.„g/is/iC/iurc/wm>i.

nomiint.

of judgment, and it wi„, I
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THE SHILLING MANUALS.
'By JOHN TIMES, F.S.A.,

Author of "The Curiosities of London," &c.

A Series of Hand-Books, containing Facts and Anecdotes interestins to

all Readers. Second JSditio,:. Fcap 8vo. Bound in neat cloth.

I'Hce One Shilling each.

I -TIMES' CHARACTERISTICS OF EMINENT MEN.

IL_TIMBS' CURIOSITIES OF ANIMAL AND VEGETABLE

LIFE

III -TIMES' ODDITIES OF HISTORY AND STRANGE STORIES

FOR ALL CLASSES.

TV TTVBS' ONE THOUSAND DOMESTIC HINTS on die Choice
IV.-TIMBS ONl^^muub

^^^^^ Housekeeping;

Improvers ; and various branches of Household Management.

V TTNrBS' POPULAR SCIENCE: Recent Researches on the Sun,

MoorStai and Meteors; the Earth ;
Phenomena of Life,

Sight, and Sound ; Inventions and Discoveries.

VI.-TIMBS' THOUGHTS FOR TIMES AND SEASONS.

Opinions of the Pfess on the Series.

"Capital little books of ..bout d hundred page, each, wherein the indefatigable

Authors seen at his best."-VIfe//««'.'^ Ma,a..nr.

Extremely interesting volames."-^..«.«^^/««.^-'^-

.eld^r^-rsi].; .shi.iingiL:^;"l.--.^.v,.,^.«:
n.u.

CazMe.

TIMRS riohn FS.A.): PLEASANT HALF-

Fcap 8vo. Cloth gill, and gill edges, 5
'.

a wealth of useful reading of the greatest possible v.ariet.v.W/.^.-^'

Mercury.

WAKTHP-RTNGS IN EVERY CLIME; Or,

F. AiNSWORTii, l-.R.G.S., i'-^-A-
'•^fi'. Artists including several from

and gold, bevelled boards, 21/.



INDEX.

AINSWORTH (W. FA Earth Delineated,
Wanderings in Every Clime, .

AITKEN (W., M.D.), Science and Practice
Medicine,

^
— Outlines,

Growth of the Recruit, .

ANSTED (Prof.), Geology,
Inanimate Creation,

BAIRD (Prof.), Student's Natural History,
BELL (R.), Golden Leaves, .

BLYTH (A. W.), Hygiene and Public Health,
Foods,
Poisons,

BROUGHAM(Lord), Paley's Natural Theology,
BROWNE (W. R.), Student's Mechanics,

Foundations of Mechanics,
KRYCE(A. H.), WorksofVir^l, .

Works of Virgil (in Parts),
BUNYAN'S Pilgrim's Progress (Mason),

; Do. (Maguire),
——

' Select ^A^orlcs

CHEEVER'S (Dr.'), Reiigiou's and Moral
Anecdotes,

CHRISTISON (J.), Interest Tables,
CIRCLE OF THE SCIENCES, 9 vols.,

Treatises,

PAGE
25

COBBETT (Wm.), Advice to Young Men,
• Cottage Economy, ....

English Grammar, . , , ,

French do., ....
Legacy to Labourers, . . ,

Do. Parsons, . . , ,
COBBIN'S Mangnall's Question, .

COLERIDGE on Method,
COOK (Captain), Voyages of, .

CRAIK (G.), History of English Literature,
Manual of do.

CRUDEN'S CONCORDANCE, by Eadie,
• by Youngman,

JRUTTWELL'S History of Roman Literature,
Specimens of do.,

Do., do. (in Parts),
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DALLAS (Prof), Animal Creation, .

D'AUBIGNE'S History of the Reformation
DICK (Dr.), Celestial Scenery,
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)(iNALDSON (Jas.), Eventful Life of

Soldier, . .

rtJRSEY (A. J.), Spelling by Dictation,
JOUGLAS (J. C), Manual of Telegraph Con-

struction, .....
)UPRE AND HAKE, Practical ChemistAr.
OA DIE (Rev. Dr.), Biblical Cyclopaedia,

Cruden's Concordance, . , .—— Classified Bible, ....
Ecclesiastical Cyclopajdia, . ,

- —
• Dictionary of Bible,

'.LLIS (Mrs.), Englishwoman's Library, .

•:.MERALD SERIES OF .STANDARD
AUTHORS

•INDEN'S FINE-ART WORKS
•ISHER'S READY-RECKONER,

.

LEMING (Prof.), Vocabulary of Philosophy,
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;i;DGE (Rcv. J. W.), Bible History. .
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GORE (G.), Electro-deposition,
GR.(EME (Elliott), Beethoven,....

Novel with Two Heroes, . , .

GRIFFIN (J. J.), Chemical Recreations,
Do. (in Parts),

GURDEN (R.), Traverse Tables, .

HARRIS (Rev. Dr.), Altar of Household,
HENRY (M.), Commentary on the Bible, . 1=

HOGARTH, Works of, 28
JAMIESON (A.), Manual of the Steam Engine 11
KEBLE'S CHRISTIAN YEAR, 4to, . . 2

Do., Fcap, . 2
KITTO (Rev. Dr.), The Holy Land, . . 4

Pictorial Sunday Book, . . . ; 4KNIGHT (Charles), Pictorial Gallery, . . a8
Do- Museum, . . 28

LEARED (Dr.), Imperfect Digestion, . . 11
LINN (Dr.), On the Teeth 12
LONGMORE (Prof.), Sanitary Contrasts, . 12
M'BURNEY (Dr.), Ovid's Metamorphoses, . 21
MACKEY (A. G.), Lexicon of Freemasonry, . 28M 'NAB (Dr.), Manual of Botany, . . 12
MAYHEW(H.), London Labour, ... 28
MENTAL SCIENCE (Coleridge and Whately), 21
MILLER (T.), Language of Flowers, . . 20
MILLER (W. G.), Philosophy of Law, . . 21
MOFFITT (Dr.), Instruction for Attendants on

Wounded, uMUNRO AND JAMIESON'S Electrical
Pocket-Book, 12
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FIRST SERIES—THIRTY-SECOND EDITION.

SECOND SERIES—EIGHTH EDITION.

MANY THOUGHTS OF MANY MINDS:
A Treasury of Eeferenoe, consisting of Selections from the Writinga of the most

Celebrated Authors. PIBST AND SECOND SEEIE3. Compiled and Analytically Arranged

By HENRY SOUTHGATE.

In Square Svo. , elegantly printed on toned paper.

Presentation Edition, Cloth and Gold 12g. 6d. each volume.

Library Edition, Half Bound, Eoxburghe ... ... 143. „

Do., Morocco Antique » ... 2I3. „

Each Series is complete in itself, and told separalelij.

" ' Many THOUOHTS,' &o. , are evidently the

produce of years of research."

—

Examiner.
" Many beautiful examples of thought and style

are to be found among the selections."—ieaiZer.
" There can be little doubt that it is destined to

take a high place among books of tliis class."—

Jfotes and Queries.
"A treasure to every reader vho may be fortu-

nate enough to possess it. Its perusal is like in-

haling essences ; we have the cream only of the

great authors quoted. Here all are seeds or gems.

"

—English Journal of Education.
" Mr. Southgate's reading will be found to ex-

tend over nearly the whole known field of litera-

ture, ancient and modern."—Gentleman's Maga-

zine.

f We have no hesitation in pronouncing it one

of the most important books of the season. Credit

is due to the publishers tor the elegance with

which the work is got up, and for the extreme

beauty and correctness of the typography. '—

Morning Chronicle.
'

" Of the numerous volumes of the kind, we do

not remember having met with one in which the

selection was more judicious, or the accumulation

of treasures so truly vronieiinV'-Momini; Ilerald.

" The selection of the extracts has been made
\vith taste, judgment, and oritioal nicety."—

Morning Post.
" This is a wondrous book, and contains a great

many goms of thought."—ZJoiVy Nem.
" As a work of reference, it will be an acquisi-

tion to any man's lihTB.ry."—Publishers' Circular

" This volume contains more gems of thought,

refined sentiments, noble axioms, nnd extractablo

sentences, than have ever before been brought to-

gether in our language."-rAc /"ie/d.

" All that the poet hns described of the beautiful

in nature and art, all the axioms of experience,

the collected wisdom of philosopher and sage, are

gam ered into one heap of useful nnd well-arranged
instruction nnd amusement."— ifWe Era.

" The collection will prove a mine rich and in-

exhaustible, to those In scorch of a quotation."—

^rt Journal.

" Will be found to be worth its weight In gold
by literary men."

—

The Builder.
" Every page is laden with the wealth of pro-

foundest thought, and all aglow with the lofti^t

inspirations of genius."

—

Star.
" The work of Mr.- Southgate far outstrips all

others of its kind. To the clergyman, the author,

the artist, and the essayist, ' Many Thoughts of

Many Minds' cannot fail to render almosD incal-

culable service."

—

Edinburgh Mercury.
" We have no hesitation whatever in describing

Mr.Southgate's as the very best book of the class.

There Is positively nothing of the kind in the lan-

guage that will bear a moment's comparison with
it."

—

Manchester Weekly Advertiser.
" There Is no mood in which we can take it up

without deriving from it instruction, consolation,

and amusement. We heartUy thank Mr. Southgate

for a book which we shall regard as one of our

best friends and companions."—Caminrf^e
Chronicle.

" This work possesses the merit of being a
MAGNIFICENT GIFT-BOOK, appropriate to all

times and seasons ; a book calculated to be of use

to the scholar, the divine, and the public man."
—Freemason's Magazine.

" It is not so much a book as a library of quo-

tations."—Pa/rior. , , ...
" The quotations abound in that thought which

la the mainspring of mental exercise."—iircr-

pool Courier. .

" For purposes of apposite qiotatlon, It cannos

be surpassed."—Bm(o/ Titnes.

" It is Impossible to pick out a single passage in

the work which does not, upon the face of it. jus-

tify Its selection by Its Intrinsic merit.' —Dorset

Chronicle. . c-^.ira
" We are not surprised that a SKCOin) SEBIKS

of this work should have been called for. Mr.

Southgate has the catholic tastes desirable in a

good Editor. Preachers and pul'lio speakers wui

find that it has special uses for them.'—Edinburglt

Daily Revieu). . . , n,o Ae." The SECOND Series fuUy sustains tne ae-

served reputation of the FIRST."-J^oAn Suit.

LONDON : CHARLES GRIFFIN & COMPANY.






