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PREFACE

TO THE SECOND EDITION.

THE highly favorable and quite unexpected reception
accorded the first edition of this book has stimulated my
interest in the subject, and in preparing a second, I have
sought to improve it as much as possible. In doing so,
many of the original sources of my information have
been re-examined, and from them some additions made
and inaccuracies corrected. The section on the Present
State of the Cell Doctrine, incorporating my own views,
has been entirely rewritten, as was necessitated by the
very important and numerous contributions to the subject
since the first edition appeared.

The bibliography has been increased by the addition
of over three hundred and fifty new references, mostly
to papers contributed directly on the subject since the
first edition was issued. To make room for these, many
of the references included in the bibliography of the
first edition have been omitted where there did not seem
to be a sufficiently close bearing on the subject.



viii PREFACE TO THE SECOND EDITION.

The suggestion of one of the reviewers of the first edi-
tion, that the bibliography should be chronologically in-
stead of alphabetically arranged was carefully considered,
and at one time I had concluded to adopt it, but when
I attempted to do so, I found that the inconvenience
resulting from the wide separation of several papers by
a single author, more than offset the advantages of a
chronological arrangement. I therefore adhered to the
original plan. o -

For valuable assistance in collecting references and
examination of papers I am greatly indebted to my as-
sistant, Dr. H. F. Formad.

1506 SPRUCE STREET,
October 1st, 1878.



PREFACE

TO THE FIRST EDITION.

THE author has become convinced, by several years’
intimate intercourse with students of medicine, that their
acquaintance with the subjects he has endeavored to in- -
clude in this little volume would be facilitated, if the
views, which are now taught and scattered throughout
the often expensive works of their authors, were collected
in a convenient form for study and reference. Taking
it for granted that a knowle.dge of this subject is of fun-
damental importance in its bearing upon the study of
physiology and pathology, and stimulated by the frequent
inquiries of students for an appropriate source of infor-
mation, he has prepared what he now submits to them.

He has sought to obtain a continuous history of the
evolution of the “cell doctrine” up to its present state,
without embarrassing his pages with a large number of
isolated facts. He has attempted, however, to secure a
completeness, and to make the work useful to physicians
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and others engaged in research, by careful references, and
the addition of a bibliography, which he has sought to
make accurate and extended. Some authors may have
been overlooked ; such the writer cordially invites to
send him references to their own papers, or to those of
others they believe to have a bearing upon the subject.
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THE CELL DOCTRINE.

THE idea that animals and plants, however com-
plex their organization, are really composed of a
limited variety of elementary parts, constantly re-
curring, was appreciated by Aristotle, who was born
384 years before Christ, while it appears to have
been little more clearly conceived by the acknowl-
edged father of medical science, Galen, who lived
400 years later. Aristotle distinguished as ¢ partes
similares,” those structures, such as bone, cartilage,
fat, flesh, blood, lymph, nerve, ligament, tendon,
membrane, vessels, nails, hairs, and skin, which
were not confined to one part of the body, but
distributed throughout it generally. He applied
the term “partes dissimilares” to the regions of
the head, neck, trunk, and extremities. Iallopius
of Modena, 1523-1562, to whom we are indebted for
our knowledge of the conceptions of Galen in regard
to these “ partes similares” or ¢ simplices,” has fur-
ther developed the subject of general anatomy in his
“ Lectiones de Partibus Similaribus Humani Corpo-
ris.” These, however, plainly do not correspond
with the “elementary parts” or “ cells” of the pres-
ent day. As Prof. Huxley says in his valuable essay

2



14 THE CELL DOCTRINE,

on “ The Cell Theory,” they were ultimate to Fallo-
pius, because he could go no further, “ though it is,
of course, a very different matter whether we are
stopped by the imperfection of our instruments of
analysis, as these older observers were, or by having
really arrived at parts no longer analyzable.”* These
“ partes similares ” really correspond to the ¢ tissues”
of the present day, which are collections of elementary
paris. The conceptions of these older writers with
regard to the ‘vital endowment ” or “independent
vitality ” of their similar parts or tissues, were sin-
gularly correct, and correspond almost identically
with those held by the majority of physiologists of
the present day.

Further than this, however, the anatomists of the
period of Fallopius could not go—not because, as we
now well know, they had arrived at parts no longer
analyzable, but because of their imperfect means of
analysis.

It is probable that the magnifying properties of
lenses were known to the Egyptians, as well as the
Greeks and Romans, over 2000 years ago; since
a table of refractive powers is introduced into
his “Optics” by Ptolemy, since Aristophanes, the
Athenian poet-(B.C. 500), speaks of “burning
spheres” of glass as sold in the grocers’ shops of
A'thens, and since both Pliny and Seneca refer to
lenses and their magnifying properties ; while lenses
themselves have been found in the ruins of Nineveh,

* The Cell Theory—a Review, by T. H. Huxley ; Br. and For-
eign Med. Chir. Rev. for October 1858, No. xxiv.
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Hercnlaneum, and Pompeii. But it is quite certain,
also, that they did not become available as com-
pound microscopes until about 1590, when the Jan-
sens, father and son, of Holland, are said to have in-
vented the compound microscope. Fontana, in 1646,
writes that he had invented the microscope in 1618.
Galileo, as early as 1612, is said to have sent a micro-
scope to King Sigismund of Poland, though whether
it was his own invention, or made after the pattern
of another, is not easily detecrmined. In 1685,
Stelluti published a description of the parts of a bee
he had examined with the microscope, and although
George Hufnagle is said to have published in Frank-
fort, in 1592, a work upon insects, illustrated by fifty
copper plates, it is highly probable that these, as well
as very many most important observations made after
the invention of the compound microscope, were
made with the simple instrument.*

It is impossible to estimate the assistance the
microscope has been to us in opening up the minute
structure of animals and vegetables, and in thus af-
" fording a reliable basis on which to build a doctrine
of organization. Prof. Huxley further says, ¢ The
influence of this mighty instrument of research upon
biology, can only be compared to that of the galvanic
battery,in the hands of Davy,upon chemistry. It has
enabled proximate analysis to be wultimate.”t But it
is more than this. Since, as he correctly states, it

* For an interesting and exhaustive history of the invention of
the compound microscope, see Das Mikroskop, Theorie, Gebrauch,
Geschichte und gegenwirtiger Zustand desselben. Von P. Harting.
In drei Binden. Braunschweig, 1866. Dritter Band, ss. 1-35.

1 Huxley, loc. citat., p. 290.
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has enabled proximate physical analysis to become
ultimate, it corresponds, not to the galvanic battery
alone, but to all the -appliances made use of in ulti-
mate chemical analysis.

The time prior to the invention of the compound
microscope may be considered as the first period in
histology ; that between this date and that of the ob-
servations of Schleiden and Schwann (1838), inclu-
" sive, the second period ; while the time subsequent to
these observations becomes appropriately the third
period. Notwithstanding the imperfect state of in-
struments during quite' two hundred years after the
invention of the compound microscope, a flood of
facts was added to our knowledge of the minute
structure of living things.

Borellus, of Pisa, seems first to have used the mi-
croscope in the examination of the higher animal
structures, about the year 1656, but his observations
were grossly misinterpreted in his attempt to adapt
them to the prevailing idea of the day, that diseases
were caused by animalcule in the blood and tissues.
As a result, he describes pus-corpuscles as animalcules,
and even says he has seen them delivering their eggs.

According to Boerhaave, Swammerdam had recog-
nized the blood-corpuscle in the frog in 1658.

Malpighi,* between 1661 and 1665, had seen the
blood-corpuscle in the hedge-hog, had witnessed the
circulation of the blood, and had published observa-
tions upon the minute structure of the lungs, which
he had even compared to a racemose gland,t of the

* Malpighi, Opera Omnia. London, 1686.
+ Fort, Anatomie et Physiologie du Poumon, considere comme
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kidneys, spleen, liver, and membranes of the brain,
and with some of these structures his name has
become inseparably associated. In 1667, Robert
Hooke* pointed out the cellular structure of plants,
and Malpighit further elaborated the same subject
with considerable accuracy in his “ Anatome Planta-
rum,” in 1670. He showed that the walls of the
“cells ” or “vesicles,” were separable, that they could
be isolated, and gave to each the name “ utriculus,”
believing also the “cell,” or “utriculus,” to be an
independent entity. The latter observert also recog-
nized the blood-corpuscle. Leeuwenhoek, in 1673,§
described these corpuscles with considerable accuracy,
not only in man, but also in the lower animals. He
also demonstrated the capillaries, examined most of
the tissues, and made the discovery of the sperma-
tozoids, which he conceived to be spermatozoa or
gperm ammals, and of different sexes.

Theory of Haller, 1757.—No attempt, however,
seems to have been intelligently made at building up
the tissues by an ultimate physical element, to cor-
respond with the ¢ atom ” of the inorganic chemist,
prior to that of Haller. He resolved the solid parts
of animals and vegetables into the « fibre” (fibra),

un organe de Secretion. Paris, 1867, Preface; or a notice of Dr.
Fort’s book, by the writer, in American Journal of Medical
Sciences, October, 1869.

* Hooke, Rob., Micrographia. London, 1667.

+ Malpighi, Anatome Plantarum. London, 1670.

t Malpighi, Opera Posthuma. London, 1697.

¢ Leeuwenhoek, Opera Omnia seu Arcana Nature detecta.
Tom. ii, p 421. Leyden, 1687. Vel Opera Omnia, etc., Lugd.
Batav., 1722,

2%
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and an “organized concrete.”” To the former he as-
signs the most important position, asserting that it
is to the physiologist what the line is to the geome-
trician ; that a *fibre,” in general, may be con-
sidered as resembling a line made up of points,
having a moderate breadth, or rather as a slender
cylinder.*

The second elementary substance of the human
body according to Haller, the “ organized concrete,”
must not be lost sight of, as appears to have been
the case with many eminent aunthorities who have
attempted to give his views. This, he says,is a
mere glue, evasated and concreted, not within the
fibres, but in the spaces betwixt them, in illustration
of which it is stated, that cartilages seem to be
scarcely anything else besides this glue concreted.
But these views of Haller were clearly not based upon
microscopic observation, though the microscope had
been for some time in use. For Ilaller himself tells
us that the fibre is invisible, and to be distinguished
only by the “mind’s eye,”—invisibilis est ea fibra,
sold mentis acie distinguimus.t No allusion to the
cell beyond the imperfect description of the blood-

* Huller, Elementa Physiologie, vol. i, lib. i, sec. i. Lausan.,
Helvet , 17567.

+ A singular discrepancy exists between these words of Haller
and those found in both the Latin and English editions of the
s elegunt compend '’ of Haller’s works printed in Edinburgh, the
former in 1766, and the latter (an edition in the possession of the
writer), in 1779, under the inspection of William Cullen, M.D.
In the latter, we have the'following : * The solid parts of animals
and vegetables have this fabric in common, that their elements, or
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corpuscles and spermatozoids appears to have been
made by Haller.

Theory of Wolff, 1759-74.—Better founded, in
being based upon observation, was the theory of
Wolft, and it contained many of the elements of
truth. For an available exposition of these views,
physiologists are much indebted to Prof. Huxley,
who in the able review already cited, has pre-
sented them as agreeing partially, also, with his
own. The doctrine of Wolft, as given by Prof.
Huxley, is as follows: “Every organ is composed, at
first, of a mass of clear viscous, nutritive fluid, which
possesses no organization of any kind, but is at most
composed of globules. In this semifluid mass, cavi-
ties (Blaschen, Zellen) are now developed ; these, if
they remain rounded or polygonal, become the sub-
sequent cells, if they elongate, the vessels; and the
process is identically the same, whether it is ex-
amined in the vegetating point of a plant, or in the
young budding organs of an animal. Both cells and
vessels may subsequently be thickened by deposits
from the ¢ solidescible * nutritive fluid. In the plant,
the cells at first communicate, but subsequently be-
come separated from one another; in the animal,
they always remain in communication. In each case
they are mere cavities and not independent entities ; or-
ganization is not effected by them, but they are the visible
results of the action of the organizing power inherent in

the smallest parts we can see by the finest microscope, are either
fibres or an organized concrete.’’!

! First Lines of Physiology. By the celebrated Baron Albertus Haller, MD
Translated from the correct Latin edition, and printed under the inspection of
William Cullen, M.D. Edinburgh, 1779.
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the living mass, or what Wolff calls the vis essentialis.
For him, however, this vis essentialis i8 no Archeus,
but simply a convenient name for two facts which
he takes a great deal of trouble to demonstrate ; the
first, the existence in living tissues (before any pas-
sages are developed in them), of currents of the nu-
tritious fluid determined to particular parts by some
power which is independent of all external influence ;
and the second, the peculiar changes of form and
composition, which take place in the same manner.”*
Two points are here particularly to be observed as
cardinal,—first, the non-independence of cells, either
anatomically or physiologically ; that they are effects,
passive results, and not causes of a vitalizing or or-
ganizing force ; second, that organization takes place
from the ¢“differentiation” of the homogeneous
living mass in these parts, through the agency of the
vis essentialis or inherent vital force. The radical
diftference between these principles of development
and those generally held at the present day, will be
better appreciated when these latter have been
worked out. An acknowledged error may, however,
be pointed out,—the probable result of the inferiority
of the instruments of that day—that of supposing
the cells of plants and animals in all instances to
communicate when in their youngest state, and in
the latter to continue thus in communication through-
out life. It will be observed, also, that this theory
. involved the spontaneous origin of the cell, that is,
independent of any previously existing cell.

* Huxley, loc. citat., p. 298-4. Wolff, C. F., Theoria Genera-
tionis, 1769. Ed. Nova, Halae, 1774.
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The theory of Wolff, however, full as it was of origi-
nal conception,and based onactual observation,seemed
to claim little attention, and would have been still
less known but for the labors of Prof. Huxley. The
“fibre” theory of Haller was still further expanded,
and that fibres were the groundwork of nearly all
the tissues, continued the prevailing view, until the
latter part of the eighteenth century, and there are
few of the older Physiologies even of a later date,
which do not contain an account of it. Naturally,
it maintained itself longest in the case of the fibrous
tissues, since the appearances of these tissues, when
examined by the highest powers, are those of struc-
tures apparently composed of fibres.

Olen,1808.—The first clear expression with regard
to the cellular or vesicular composition of aninal or-
ganisms as well as vegetable, comes from the physical
school in the language of Oken, who, as early as
1805, in his work on ¢ Generation,” refers to elemen-
tary parts as ¢ vesicles;” and who says in his “ Pro-
gramm iiber das Universum ” in 1808, « The first
transition of the inorganic to the organic is the con-
version into a vesicle (Blaschen), which I, in my
theory of generation, have called infusorium. Ani-
mals and plants are throughout nothing else than mani-
Joldly divided or repeating vesicles, as 1 shall prove
anatomically at the proper time.” This most ex-
plicit statement scems also to have been overlooked.

The Globular Theory, 1779-1842.—The reaction
which took place at the date referred to against the
“fibre” theory, culminated in the *“ globular ™ theory,
due less to speculation than erroneous methods of ob-
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servation and imperfect instruments. Leeuwenhoek*
(1687) early announced the ¢ globular” structure of
the primitive tissues of the body, but the « globule”
apparently attracted little notice until this period of
reaction against the *fibre,” when it claimed the
attention of Prochaskat (1779), Fontana} (1778),the
brothers Wenzel§ (1812), Treviranus| (1816), Bauer®]
(1818 and 1823), Heusinger** (1822), MM. Prevost
and Dumas,tt Milne- Edwards}} (1823), Hodg-
kin§§ (1829), Baumgartner]|] (1830-42), Frederick

* Leeuwenhoek, op. citat. hd

t Prochaska, De Structura Nervorum, Vind., 1779. Opera
min,, Pars i. .

1 Fontana, Sur les Poisons, 1787, ii, 18; Abhandlung iiber das
Viperngift, das Amerikanische Gift, u. s. w. Aus dem Italien.
Berlin, 1787. )

¢ Wenzel, Joseph and Charles. De structura cerebri. Tubing.,
1812.

" || Treviranus, Vermischte Schriften, Anatom. und Physiolog.
Inhalts Bd.i. Gottingen, 1816.

9 Bauer, Philosoph. Transac. for 1818, and Sir E. Home’s Lec-
tures on Comparative Anatomy, vol. iii, Lect. iii. London, 1823.

** Heusinger, System der Histologie. Thl. i. Eisenach, 1822-4

++ MM. Prevost and Dumas, Bibliothéque Universelle des Sci-
ences et Arts, T. xvii.

1t Milne-Edwards, Mémoire sur la Structure Elémentaire des
Principaux Tissues Organiques des Animaux. Paris, 1823. Also,
Recherches Microscopiques sur la Structure Intime des Tissues Or-
ganiques des Animaux, in Ann. des Sci. Nat. December, 1826.

42 Hodgkin, in Grainger’s Elements of General Anatomy. Lon-
don, 1829. Also Hodgkin and Fisher’s translation of M. Edwards
¢ Sur les Agens Physiques.”” London, 1882, Hodgkin’s Lectures
on the Morbid Anatomy of the Serous and Mucous Membranes.
London, 1836, p. 26. Am. Ed., Philadelphia, 1838, vol. i, pp.
17-18.

|ll Baumgértner, K. H., Beobachtungen iiber die Nerven und
das Blut in ihrem gesunden und Krankhaften Zustande, February,
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Arnold* (1836), Dutrochett (1837), Raspail} (1839);
all except Hodgkin admitting in greater or less de-
gree the importance of the globule as an ultimate phys-
ical element; while it is evident, also, that there
was much confusion in the use of terms, the words
globule, granule, and molecule,§ being often indiscrimi-
nately used, and the word globule sometimes used
to indicate what is now clearly recognized as the
“cell.”

1830. His views are further elaborated in his Beitrige zur Phy-
siZ)logie und Anatomie. Aus der Lehre von der Gegensazen in
den Kraften in lebenden thierschen Kéorper, ein Grundriss zur
Physiologie und zur allgemeinen Pathologie und Therapie, 2te
Auflage, besonders abgedruckt. Stuttgart, 1842,

* Arnold, Friedreich, Lehrbuch der Physiologie des Menschen.
Erst. Theil, Zurich, 1836.

+ Dutrochet, Mémoires pour servir a I’Histoire Anatomique et
Physiologique des Végétaux et des Animaux, t. ii, Atlas. Paris,
1837.

1 Raspail, Recherch. sur la struct. et le developm. de la feunille et
du tronc, et sdr la struct., et devel. des tissus Animale, Paris, 1837.

¢ The German authors of this period, and even more recent
times (Henle, 1841, Virchow, 1858), at least in speaking of the
development of histology, seem to use indiscriminately the terms
granule or molecule and globule, whereas they are morphologically
something distinct. A globule is usually held to be a body which,
under the microscope, is more or less spherical in form, possessing
a bright centre, and dark outline,—the width of this outline being
directly as the difference between the refracting power of the
globule itself and that of the menstruum in which it floats. Thus,
the dark outline of a globule of oil floating in water is wider than
that of the same globule floating in glycerin. A granule or
molecule, on the other hand, is indeterminate in size and shape, and
appears as & mere dot under the highest powers of the microscope.
It is true that what appears as a granule under a low power, may
appear as a globule under a higher.
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Prochaska,* in 1779, described the brain as made
up of globules eight times smaller than blood-glob-
ules. In the year 1801, the philosophic mind of
Bichat claborated his excellent classification, but he
seems to have made no original investigations in
minute structure, or to have adopted any special
theory of an ultimate physical element. The bro-
thers, Joseph and Charles Wenzel,t in 1812, de-
seribed the brain as composed of globules of small
size. Among .the earliest histologists worthy of
mention, is Treviranus,} whose elements, according
to Ilenle, were first, a homogeneous, formless matter;
second, fibres; third, globules (kiigelchen). Mr.
Bauer,$ quoted as a most experienced microscopic
observer by Sir Everard Home, in 1818, and again
in 1823, described the ultimate globules of the brain
and of muscular fibre as of the size of a globule of
blood when deprived of its coloring matter, or about
205 of an inch in diameter. The fibre was excluded
as an ultimate element of organization by Heusinger|
in 1822--4, who started all tissues from the globule,
still, however, retaining the formless material of
Haller and Treviranus. Ileusinger formed the fibre
by the linear apposition of his globular elementary
parts, and even explained how canals and vessels
were formed by a similar arrangement of wvesicles
which had originated from the globules. The ac-
count given by Ilenle® of the method in which Heu-

* Proschaska, Opera Minora, Part I, p. 342

t Wenzel, op. citat., p. 24. 1 Treviranus, op. citat.

¢ Buuer, op. citat. | Heusinger, op. citat., p. 112.
1 Henle, Allgemeine Anatomie. Leipzig, 1841, p. 128,
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singer built up his fibres and vessels is interesting
and important, since there is in these views an ap-
proximation to the truth. ¢“As the result of an
equal contest between contraction and expansion,
there arises the globule, of which all organisms, all
organic parts, are originally composed. By a stron-
ger exercise (Spannung, tension) of power, there
originates from the often more homogeneous globule,
the vesicle. Where in an organism globules and a
Jormless mass are present, the globules arrange them-
selves according to chemical(?) laws and form fibres.
‘Where vesicles arrange themselves, there arise canals
and vessels.” In the latter'sentence one cannot fail
to note a close approximation to the truth, though
the facts upon which the theory was based are partly
false and partly misinterpreted.

But the observations and writings of Miloe Ed-
wards* may be looked upon as having given, more
than those of any other author, position and popular-
ity to the ¢ globular theory.” He examined all the
principal tissues, and announced that the fibres of the
then so-called cellular (fibrous) tissues, membranes
composed of these fibres, muscle and nerve, were
composed of globules of about the same size, from
5950 tO 755y of an inch in diameter; whence he
concluded that these spherical corpuscles, by their’
aggregation, constituted all organic textures, vege-
table or animal, and whatsoever their properties or
functions. There is little doubt but that many of
these so-called globules described by Edwards were

* Edwards, loc. citat.
8
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really cells, seen with indifferent instrumeuts, and
further distorted by the glare of direct sunlight.

Similar, as regards the element of organization,
were the views of Baumgirtner* and Arnold,} who
were joint observers.

They considered} the fundamental elements of or-
ganization to be the formative globule (Bildungskugel’,
and the molecular granule (Molecular-kugelchen).
The first is primarily formed by a simple aggrega-
tion of smaller granules first represented by the gran-
ules of the yolk united by a formless material. The
“molecular granule” arises from a breaking up of
the *“formative globule.” A modification of the
« formative globule ” out of an aggregation of which
the entire embryo is first formed, is the hematoid
body (Hamatoidkorper). This is a nucleated dis-
coid body with a distinct ring-like border (geringtes
Korperkern niit einem Ringe).

Further, ¢ Out of these two kinds of globules and
out of formless material,” says Baumgirtner, “all
tissues are formed, namely, the tissue-fibres (threads)
out of the molecular granules, and the hematoid
bodies out of the formative globules and newly-
formed tissue-fibres. The molecular form is not
everywhere equally expressed, which is owing in the
first place to the fact that often the molecular gran-

* Baumgirtner, loc. citat. ; also, Virchow, Cellular Pathology,
Am. Ed. of Chance’s Translation. Philadelphia, 1868, p. 563.

+ Arnold, loc. citat.; also, Virchow, Cellular Pathology, Am.
Ed. of Chance’s Translation. Philadelphia, 1868, p. 53.

1 Baumgirtner, Beitrige zur Physiologie und Anatomie, 1842,
p- 86.
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ules more or less fuse together, and second, that
formless material surrounds the molecular granules
and makes their outline indistinct. Thé theory here
brought forward of the fundamental form of organi-
zation in animals may well be called the globular
theory.” P. 83.

It is evident that the “formative globule,” or at
least the modification of it called the Hematoidkor-
per, is nothing more nor less than the nucleated cell,
which,however, Baumgirtner did not admit, contend-
ing as late as 1842 against the cell doctrine ; asserting
also (p. 40, op. citat.) that in the development of tissues
the formative globule never divides to form two, in
other words, that there is no such thing as cell di-
vision.*

Arnold also says thatt all fluid and solid parts of
the human body are resolvabie first into a fluid or
half fluid material of no determinate form, and sec-
ond, into granules which are more or less completely
spherical, and in all solid structures appear for the
most part as minute globules. The granules, which
are the second more important element, occur not
only in all fluids and solid parts of the completely
formed human organism, but they are also the origi-
nal and essential constituents of the human embryo.
Out of these by their aggregation are formed the most
complex tissues of the organism.

* To the student desiring to pursue further this very interesting
subject, with the argument agninst the cell theory by Baumgirt-
ner, I would recommend the perusal of the very interesting ¢ Bei-
trigo zur Anatomie und Physiologie’’ alluded to.

+ Lehrbuch der Physiologie des Menschen, 1886, p. 82.
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The error of these and other observers seems to
have been clearly pointed out by Dr. Hodgkin,*
though much importance was still attached to the

Fre. 1.

O

B8
A

1
Illustrating the Globular Theory.

A, Fibre, composed of elementary granules (molecular granules), drawn up in
a line. B, Cell, with spherically arranged granules. (After Virchow, slightly
modified.)

globule as an element of organization (but perhaps
from this time forward, more in the stricter sense of
the term granule), which has continued, in this latter
sense, to the present day.

"It should be mentioned that in 1828 Dollingert
snnounced that the tissues of the body are built up
of blood-corpuscles, which move in wall-less (wandlos)
channels in these tissues.

From the foregoing facts it is evident that for
some time prior to the year 1838, the cell had come
to be quite universally recognized as a constantly re-
curring element in vegetable and animal tissues,
though as yet little importance had been attached to
it as an element of organization, nor had its charac-
ters been clearly determined. As stages in its grow-
ing 1mp0rtance may be mentioned, the demonstration
of the cellular structure of plants by Robert Hooke,

* Hodgkin, loc. citat.
t Dollinger, Ignaz, Vom Kreislaufe des Blutes, 1828.
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in 1667, the further elaboration of this subject by
Malpighi, and his statement that each ¢ utriculus”
was an independent entity, the very clear statement of
Oken in 1808 with regard to the cellular composition
of animals and vegetables, the description of Heusin-
ger,in 1822, of the mode of formation of vessels by the
apposition of vesicles, already referred to, and the an-
nouncement, though erroneous, of Déllinger, in 1828,
that the body is built up of blood-corpuscles which
move in wall-less (wandlos) channels in the tissues.

Raspail, 1837.—Singularly near the truth did Ras-
pail* approach, in 1837, when he tells us that in the
condition of development there are wvesicles or cells,
endowed with life and the property, almost unlimited,
of producing out of themselves other cells of the same
structure and similar endowinents, of spherical form,
and capable of taking up oxygen when exposed to
the atmosphere ; that the cell membrane in its fresh
state is structureless. Yet he considers the organic
cell as made up of granules or atoms, spirally ar-
ranged about an ideal axis, comparing the cell with
the crystal, and speaks of organization as crystalliza-
tion in vesicles (crystallization vesiculaire).

Dutrochet, 1887.—Similar was the view of Dutro-
chet,t who divided the component parts of the body
into solids and fluid. The solids were formed by the
aggregation of cells of a certain degree of firmness;
the liguids, as the blood, are also made up of cells,
which, however, float freely among each other, and
there are also tissues in which the cells are so feebly

* Raspail, op. citat. 1 Dutrochet, op. citat.
3%
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united, that one can scarcely tell in what class to
place them. The contents of the cell may be more
or less solid, but the highest degree of vitality is
only compatible with liquid cell contents. Muscular
Jibres, and the remaining animal fibres, are cells much
elongated. And he considers the same general plan to
prevail in the animal and vegetable. The approach of
both of these observers to the truth is striking.
Both, however, either failed to detect the nucleus or
to attach any importance to it. They failed also to
lay down a law of organic development, and their
views were soon forgotten.

Discovery of the Nucleus, 1833.—A most important

contribution to the anatomy of the cell was made be-
fore this, however, in the discovery of the ¢ nucleus,”
by Dr. Robert Brown, of Edinburgh, whose paper,
“ Organs and Mode of Fecundation in Orchides and
Asclepiades,” appeared in the Transactions of the
Linnean Society of London, in 1833. He failed, how-
ever, to appreciate its importance, though its dis-
covery was another fact added to those necessary to
complete the data on which has been founded the
so-called “ cell theory.”

Meyen, 1836.—Meyen* sought to establish the
opinion that the cell is formed of spiral fibres which
lie closely upon one another, founding his view upon
his own observation. '

Since the discovery of the nucleus, by Dr. Robert
Brown, in the vegetable cell, it had been recognized
by many observers in various pathological, as well as

* Meyen, Pflanzenphysiologie, Bd. i, 1836.
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healthy animal cells, and in the germ cell or ovule of
birds, as early as in 1825, by Purkinje ;* while Pur-
kinje,t Valentin,} and Turpin,§ had actually called
attention to the relations of the animal and vegetable
cell to each other.

The: pre-existence of the nucleus, and the gradual
development of the cell about it, Valentin had at-
tempted to demonstrate in the case of pigment cells,
C. H. Schultz| in the blood-corpuscle, Rudolph Wag-
ner in the egg, and IHenle in epithelium, all before
the work of Schleiden had appeared. Miiller had
also insisted on the analogy between the cells of the
chorda dorsalis and vegetable cells.q Valentin, too,
had said, when describing the nucleus of epidermic
cells, which he was the first to point out, that they
reminded him of the nucleus of the cells of vege-
table tissues.** Not only this, but Armand de Qua-
trefagestt and Dumortiert} had actually cbserved the
origin of young cells from the full grown, in the -

* Purkinje, J., Ev. Symbole ad ovi avium historiam ante incu-
bationem, cum duobus lithographs. Vratis., 1825.

+ Purkinje and Raschkow, Meletemata circa Mammalium Den-
tium Evolutionem. Diss. Inaug. Vratis., 1835, p. 12.

t Valentin, Ueber den Verlauf und die Enden der Nerven, aus
den Nov. Act. Nat. Curios., vol. xvii; besonders abgedruckt Bonn,
1836.

¢ Turpin, Ann. d. Sci. Nat., 2 ser. vii, 207. .

|| Schultz, C. H., Miiller’s Archiv fiir Anatomie, Physiologie
und Wissenschaft. Med., p. cvii, 1837.

q Stricker, Manual of Human and Comparative Histology,
New. Syd. Soc. Translat., 1870, p. 1.

*% Valentin, Nov. Act., N. C. xvii, pt. I, p. 96.
+t Quatrefages, Annales des Sci. Nat., 2 ser. ii, p. 114.
11 Dumortier, Annales des Sci. Nat., 2 ser. vii, p. 129,
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embryo of the freshwater snail, while Valentin had
furnished examples of the development of fibres
out of cells in the muscular fibres, and in the sub-
stance of the crystalline lens. In fact, as stated by
Dr. Waldo J. Burnett, in his admirable paper,* Val-
entin “ perceived the true physiological relations of
cells as far as he well could without apprehending
the grand fact that the nucleated cell is the funda-
mental expression of organic forms.”

Virchow had also compared the whole organism
to a free state containing individuals endowed with
equal privileges if not with equal powers.}

SCHLEIDEN AND SCHWANN, 1838.

It was reserved for Schwann to accomplish this mas-
terstroke in observation and generalization, through
‘the intermediate results of Schleiden, without whose
observations on vegetable structures, the true position
of the cell would probably have remained undetected
for some time longer. Schleiden, in 1838, clearly
pointed out the formation of cells in vegetable struc-
tures, according to a single and uniform method, and
elaborated the theory of development of which the
cell was the unit, and which Schwann immediately
extended to animal tissues.

* Burnett, W. J., The Cell; its Physiology, Pathology, and
Philosophy, as deduced from original investigations. To which is
added its History and Criticism. A prize essay, read before the
American Medical Association, and published in vol. vi of its
Transactions. Philadelphia, 1853.

+ Stricker, op. citat., p. 2.
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A formidable obstacle for some time in the way of
a law of development, applicable to animal and vege-
table tissues, was the opinion, long entertained, that
the growth of animals, whose tissues are furnished
withvessels, is essentially different from that of plants ;
an independent vitality being ascribed to the elemen-
tary particles of vegetables growing without vessels.
So firmly was this believed, that the ovum, which
exhibited undoubted evidences of an actual vitality
at one period of its growth, was said by all physiolo-
gists to have had a plant-like growth. This obstacle
was removed in 1837, by Henle,* who showed that
an actual growth of the elementary parts of epithe-
lium took place without vessels.

Taking up the nucleus as discovered by Robert
Brown, Schleiden,t in reference to its function, ap-
plies the name cytoblast (xros, a cell, fAastos, a bud
or sprout), or “ cell bud,” and in a careful study of '
its anatomy, discovers that *“ in very large and beau-
tifully developed cytoblasts, there is observed a
small, sharply defined body, which, judging from the
shadow which it casts, appears to represent a thick
ring,or thick-walled hollow globule.”’} One,two, three,
and even four of these may be present. Without fur-
ther present comment than that these characters, as

* Henle, Symbole ad Anatomiam vill.intest. Berol., 1887.

+ Schleiden, Beitrige zur Phytogenesis, Miiller’s Archiv, 1888,
p. ii; Contributions to Phytogenesis, Sydenham Soc. Transl., p.
233,

1 The term nucleolus or nucleus-corpuscle (Kernkdrperchen),
seems to have been first applied by Schwann. (See Introduction
to Schwann’s Researches, Syd. Society’s Translation.)
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given by Schleiden, are by no means constant, it is
plain that what is commonly known as the nucleolus
is here intended, to the discovery of which we are
therefore indebted to him, though Valentin also
claims its discovery at an earlier period.* He fur-
ther states that the observations he has made upon
all plants,lead him to the conclusion that these small
bodies are found earlier than the cytoblasts.
According to Schleiden, when starch, which is
superfluous nutritive material deposited for future
use, i8 to be employed in new formations, it becomes
dissolved into sugar or gum, which are convertible
into one another. The sugar appears as a perfectly
transparent fluid, not rendered turbid by alcohol,
and receiving from tincture of iodine only so much
color as corresponds to the strength of the solution.
The gum is somewhat yellowish, more consistent,
less transparent, and coagulated into granules by
tincture of iodine, assuming a pale yellow color,
which is permanent. In further progress of organi-
zation, in which the gum is always the last immedi-
ately preceding fluid, a quantity of exceedingly mi-
nute granules appears in it, most of which, from
their exceeding minuteness, appearing as black points.
It is in this mass that organization takes place,
though the youngest structures are composed of
another distinct, homogeneous, perfectly transparent
substance—so transparent as to be invisible when

* Valentin, ¢ Outline of the Development of Animal Tissues,”
in Wagner's Elements of Physiology, translated by Dr. Willis,
London, 1844, p. 214; Leipzig, 1839; where he refers to Valen-
tin's Repertorium, vol. i, p. 143.
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not surrounded by opaque or colored bodies,—and
continuing thus after pressure. Thissubstance, which
frequently occurs in plants, Schleiden calls vegetable
gelatin, and considers as slight modifications, pectin,
the basis of gum tragacanth, and many of the sub-
stances usually enumerated under the term vegetable
mucus. It is this gelatin which is ultimately,
through the agency of the nucleus, converted into
the actual cell-wall, or structures which consist of it
in a thickened state, and.into the matter of vege-
table fibre.

There are two situations in the plant in which
new organization may be observed most easily and
clearly, in consequence of there being cavities closed
by a simple membrane, 1st, in the large cell, which
subsequently contains the albumen of the seed, the
embryonal sac, and 2d, in the extremity of the pollen
tube, from which the embryo itself is developed. The
embryonal sac never contains starch originally, but
probably in most instances the saccharine solution or
gum. The pollen always contains starch, or repre-
senting it, a semi-granulous substance identical with
the small granules in the gum above alluded to, which
Schleiden calls mucus.

In both of these situations the above-mentioned
minute mucus-granules are very soon developed in
the gum, upon which the solution, previously homo-
geneous, becomes clouded and more or less opaque.

Single, larger, more sharply defined granules next
become apparent, A, Fig. 2, constituting the nucleoli,
and soon after the cytoblasts or nuclei, B, appear, look-
ing like granulous coagulations about the granules.
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The cytoblasts then grow considerably in the frec state,
C, but so soon as they have attained their full size,
a delicate transparent vesicle rises upon their surface,
assuming the relation of the watch-crystal to a
watch, D, E. This is the young cell, which at first

Fie. 2.

Cellular Tissue, from the embryo sac of Chamadorea
Schiedeana, in the act of formation.

A, Formative substance, gum, mucus-granules, nu-
clei of cytoblasts (nucleoli).

B, Cytoblasts.

C, Single and free cytoblast, more highly magni-
fied.

D, Cytoblast with cell forming in it.

E, Same, more highly magnified.
" F, Cytoblast isola{ed after destruction of cell.

From Schleiden’s “ Beitrige zur Phytogenesis.”

represents a very flat segment of a sphere, the plane
side of which is formed by the cytoblast, and the
convex side by the young cell, which is placed upon
it somewhat like a watch-glass of a watch. In a
natural medium it is distinguished almost by this
circumstance alone, that the space between its con-
vexity and the cytoblast is perfectly clear and trans-
parent, and probably filled with a watery fluid, and
is bounded by the surrounding mucus-granules, which
have been aggregated at its first formation, and are
pressed back by its expansion,as shownin D, E. But
if these young cells be isolated, the mucus-granules
may be almost entirely removed by shaking the
stage. They cannot, however, be absent for any
length of time, for in a few minutes they become
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completely dissolved in distilled water, leaving only
the cytoblasts behind. The vesicle gradually ex-
pands and becomes more consistent, and with the
exception of the cytoblast, which always forms a
portion of it, the wall now consists of gelatin. The
entire cell then increases beyond the margin of the
cytoblast, and quickly becomes so large that the
latter at least merely appears as a small body inclosed
in one of the side-walls in such a manner that the wall
of the cell splits into two laminge, one of which passes
exterior and the other interior to the ecytoblast. That
upon the inner sideis generally the more delicate, and
in most instancesonly gelatinous, and is also absorbed
simultaneously with the cytoblast. Within these cells,
again, new cytoblasts arise, grow, and form young
cells, which grow and fill up the mother cells, and
finally cause the latter to disappear. This is endogen-
ous cell formation, while the formation of cells external
to other cells constitutes exogenous cell formation.
But according to Schleiden “ the entire growth of the
plant consists only of a formation of cells within
cells.”* No other method of formation of new cells
seems to have been conceived by him. For although
the multiplication of cells, by fissiparous division of
previously existing cells, had been demonstrated by
Mirbel,t and confirmed by Von Mohl,} and the seg-

* Loc. citat., p. 257.

1 Mirbel, Recherches sur la Marchantia, 1838. Schleiden, how-
ever, says distinctly (op. cit. p. 282), ¢ Mirbel does not make any
allusion to the process of cell formation.”

1 Von Mohl, Entwicklung und Bau der Sporen der Kryptogam.
Gew., Flor., 1833. ’

4
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mentation of the egg had been observed even earlier
(1824) by Prevost and Dumas, all before the inves-
tigations of Schleiden had been made, the latter
author considered the apparent growing across of the
partition walls an illusion, and that the young cells
escape observation in consequence of their transpar-
ency, until,at a late stage, their line of contact is re-
garded as the partition wall of the parent cell ; while
even Schwann states somewhat hesitatingly what is
now so generally admitted.* This is the cell theory of
Schleiden, which he assumes to be the universal law
for the formation of vegetable cellular tissue in the
phanerogamia. At that time the cryptogamia had
not been examined, and Schleiden had not then ex-
pressed his views in reference to the cambium.

The merit of Schwann consisted in applying this
theory to animal tissues, his conclusions being based
upon the study of the formation of the chorda dor-
salis and cartilage, and a comparison of their cells
with those of vegetable tissues. Thus, in a cyto-
blastema, either structureless or minutely granulous,
“ g nucleolus is first formed; around this a stratum
of substance is deposited, usually minutely granulous,
but not yet sharply defined on the outside. As new
molecules are constantly being deposited in this stra-
tum between those already present, and as this takes
place within a precise distance of the nucleolus only,
the stratum becomes defined externally, and a cell
nucleus, having a more or less sharp contour, is formed.
The nucleus grows by a continuous deposition of new

* Schwann, op. citat, Introduction, p. 4.
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molecules between those already existing, that is by
intussusception. (See Fig. 8,e.) If this go on equally
throughout the entire thickness of the stratum, the

Fi6. 3.

From the point of a Branchial Cartilage of Rana esculenta.
(From Schwann.)
nucleus may remain solid ; but if it go on more vigor-
ously in the external part, the latter will become
more dense, and may become hardened into a mem-
brane, and such are the hollow nuclei.”*

When the nucleus has reached a certain stage of
development, the cell is formed around it. The fol-
lowing is the process by which this takes place:
«“ A stratum of substance, which differs from the cyto-
blastema, is deposited upon the exterior of the nu-
cleus. (See Fig. 3, d.) In the first instance, this
stratum is not sharply defined externally, but be-
comes s0 in consequence of the progressive deposition
of new molecules. The stratum is more or less thick,
sometimes homogeneous, sometimes granulous: the
latter is most frequently the case in the thick strata
which occur in the formation of the majority of ani-

* Schwann, op. citat., p. 175.
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mal cells. We cannot, at this period, distinguish a
cell cavity and cell wall. The deposition of new
molecules, between those already existing, proceeds,
however, and is so effected that when the stratum is
thin, the entire layer, and when it is thick, only the
external portion, becomes gradually consolidated into
a membrane. The external portion of the layer may
become consolidated soon after it is defined on the
outside ; but, generally, the membrane does not be-
come perceptible until a later period, when it is
thicker and more defined internally ; many cells,

“however, do not exhibit any appearance of the for-
mation of a cell membrane, but they seem to be solid,
and all that can be remarked is that the external por-
tion of the layer is somewhat more compact.*

“ Immediately that the cell membrane has become
consolidated, its expansion proceeds as the result of
the progressive reception of new molecules between
the existing ones: that is to say, by virtue of a growth
by intussusception, while at the same time it becomes
separated from the cell nucleus. . . . .. The inter-
space between the cell membrane and the cell nu-
cleus is at the same time filled with fluid, and this
constitutes the cell contents. During this expansion
the nucleus remains attached to a spot on the internal
surface of the cell membrane.” Though,according to
Schwann, in animal cells the nucleus is never covered
by a lamella passing over its inner surface, as is the
case with the vegetable cell according to Schleiden.

* Schwann, op. citat., p. 176. Stricker also informs us (Syden-
ham Soc. translation, p. §) that the corpuscles of mucus and pus,
even in the eyes of Schwann, had no cell-wall.
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Thus is formed the animal cell according to
Schwann, and although its method is very similar to
that of Schleiden, both as to endogenous and exoge-
nous cell formation (for Schwann did not restrict
cell genesis to endogenous cell formation), we have
quoted his own paper because he is plainly fuller and
more precise in his descriptions. The object of each
observer was, however, the same with regard to the
tissues studied; the additional object of Schwann
being to show that all organisms, whether animal or
vegetable, are formed on a common principle, and that
this principle is origin from cells,—that the various
tissues of the plant and animal, however simple or
complicated, are all combinations of these cells, modi-
fied in adaptation to the special peculiarities of tis-
sues.

The conception of Schleiden was truly original,
though its application was less difficult in conse-
quence of the simplicity of vegetable tissues. The
conception of Schwann was easier, in being the re-
flection of that of Schleiden, while its application

was more diflicult, in consequence of the great diver-
sity of animal tissues; so difticult that he acknowl-
edged that “there are some exceptions, or at least
ditferences, which are as yet unexplained.” This need
not surprise us when we recollect that one of theablest
modern exponents of the cell theory admits the diffi-
culty of its application to some of the so-called higher
tissues.* Indeed, the careful reader of Schwann’s

* Virchow, Cellular Pathology, Chance’s Translation. Am.
Edit., Philadelphia, 1863, p. 78.
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researches cannot but be surprised at the accuracy of
the observations of this histologist, nor can he fail to
realize how comparatively few have been the changes
necessitated in his descriptions, or the method of ap-
plication of his theory to the formation of the differ-
ent tissues; while the portion of the theory of
Schleiden and Schwann which does not accord with
the lafest expression of the cell doctrine, is not so
much that which pertains to the formation of tissues
fromn existing cells as that which relates to the
method in which they supposed the cells to origi-
nate; which, it will be recollected, was by a species
of spontaneous generation of the essential parts of the
cell, in & homogeneous cytoblastema.
" A difference in the anatomy of the cell as given by
Schwann and physiologists of the present day, is
seen in the location of the nucleus by the former,
who places it not merely eccentrically, but actually
“separated from the surface only by the thickness of
the assumed cell-wall.”* At the present day, the
situation of the nucleus, though usually central, is
known to be not unvarying. Again, the primary
and absolutely essential presence of the nucleolus, as
well as the universal presence of the cell-wall, may be
considered characteristics of Schleiden and Schwann’s
idea of the cell, which are now no longer insisted
upon.
As already stated (p. 38), Schwann would seem
to have admitted also, the formation of cells by di-
vision, though withsome hesitation. Thushe writes:t

* Schwann, op. citat., p. 87, a. f.
t Schwann, op. citat., Introduction, p. 4.
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“ A mode of formation of new cells, different from
the above described, is exhibited in the multiplica-
tion of cells by division of the existing ones; in this
case, partition walls grow across the old cell, if, as
Schleiden supposes, this be not an illusion, inasmuch
as the young cells might escape observation in con-
gequence of their transparency, and at a later stage,
their line of contact would be regarded as the parti-
tion wall of the parent cell.”

Schwann believed that the cell-wall was the most
active constituent of the cell, that it possessed the
power not only of producing physical and chemical
changes in its own substance and the cell contents,
but of secreting materials from the surrounding sub-
stance, and depositing them in.its interior, explain-
ing in this manner the secretions of glands, the for-
mation of fat in some cells, pigment in others, etc.

It would be easy to point out other defects in the
theory of Schleiden and Schwann, when it is tested
by comparison with the more accurate observation
of the last twenty-five years, none of which should
be permitted to detract from the credit which at-
taches to the originators of this conception. 1t must
not be forgotten, that it is no less true of science than
of art, that great and important truths in their en-
tirety are gradually developed, and that no single
mind is capable of elaborating them from their in-
cipiency to their complete expression. And as many
clever people had daily noticed the rising of steam
from the boiling kettle without thinking of utilizing
its principles of expansion, so also, many careful ob-
servers had time and again witnessed the cellular or
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vesicular composition of plants, and yet failed to ap-
preciate the importance of the nucleated cell, and to
deduce from it a law of development applicable to
all organic forms. Again, as the engine of Watt was
far different from the beautiful and powerful crea-
tion of the mechanic of the present day, so the cell
theory, as developed by Schleiden and Schwann, has
been further evolved by later histologists. We
may therefore truthfully reiterate, with Prof. Hux-
ley, that “ whatever cavillers may say, it is certain
that histology before 1838, and histology since then,
are two different sciences—in scope, in purpose,