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' PREFACE.

THE preparation of the eighth edition was undertaken in response to
repeated requests from teachers, and was influenced by the aim stated in the
original preface : to present descriptions which should include the salient
features of the various structures with sufficient fulness to impress important
details without wearying minutize ; too great conciseness, on the one hand,
and too great elaboration of detail, on the other, are alike unsatisfactory.

The fact that histology has its place at the beginning of the medical
curriculum, and, indeed, with increasing frequency in the courses preparatory
to medicine, often requires the student to study the microscopic details of
organs before he has become acquainted with their gross anatomy. In order
to minimize this deficiency, the histological descriptions have been prefaced
with references to the macroscopic features whenever such  explanations
seemed desirable. The criticism, for instance, that an outline. description of
the brain, by pencil as well as by pen, is out of place in a text-book of his-
tology, loses much of its force when the usual ignorance of the student con-
cerning even the chief subdivisions of the central nervous system is recalled.
The author believes, therefore, that these additions are justified and will ma-
terially facilitate the student’s appreciation of the correlation between the
structures demonstrated in the dissecting room and the details seen under
the microscope. .

With the exception of those from other sources, duly acknowledged in
the legends, the illustrations have been drawn, with the aid of the camera
lucida, by Mr. Louis Schmidt, whose skilful pencil has faithfully represented
the preparations. The latter, mostly from the author’s cabinet, have been
selected to show the usual rather than the unusual histological appearances.

The author gratefully acknowledges the kindness of Prof. William G.
Spiller, Prof. G. Carl Huber, Prof. Thomas G. Lee, and Dr. Joseph P. Tunis
in placing their preparations at his disposal. To Dr. W. H. F. Addison
his thanks are due for repeated courtesies in preparing specimens and for
suggestions regarding microscopical technique. The author wishes to ex-
press his obligations to the publishers for their hearty cooperation.

UNIVERSITY OF PENNSYLVANIA,
August, r9ro.
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NORMAL HISTOLOGY.

THE CELL.

ALL animals and plants are composed of minute structural elements
called ‘‘cells.”” With the exception of the low unicellular forms, in which
a single cell constitutes the entire organism, the fully developed animal com-
prises myriads of cells arranged as the tissues composing the various parts or
organs.

Notwithstanding its complexity, the body of even the highest animal,
man, may be resolved into four elementary tissues—epithelial, connective,
muscular and nervous—which serve, primarily, for the purpose of protection,
connection and support, motion and control respectively. Every tissue con-
sists of two parts, the cells and the intercellular substance. Upon the first
of these, the cells, depend the vitality and growth of the tissue; while the
intercellular substance owes its production, directly or indirectly, to the
activity of the cells.

Every living organism is derived from a parent cell, the ovam. This
element, liberated from the ovary of the mother, undergoes certain prepara-
tory changes, known as maturation, and then unites with the paternal
germ-cell, the spermatic filament or spermatozoon. The union of these two
sex-cells results in fertilization of the ovum. The
fertilized ovum immediately divides into the daughter Nucleus
cells, each of which gives rise to two new elements;
each of these, in turn, produces two descengiants, and @ .
so on. As the result of segmentation, as this cycle of -4

repeated division is termed, a numerous progeny of y

new cells arises from the original parent cell. The ; .
further division and differentiation of the segmenta- gy oiasm Endoplasm
tion cells lead to the formation of the three germ-layers g . | _ cotorless blood-

—the ectoderm, the mesoderm and the enfoderm—from  corpuscie, Tepresenting type
which the definite embryo subsequently is evolved.  oxipis’ ifecentintios? muto
Notwithstanding their diversity of form and size, ~gidoplasmand exoplasm. X
as seen in the adult condition, the cells of the animal .
body possess certain features in common. So small that they can be seen
only when examined with the microscope, they consist of a minute mass of
gelatinous substance, the ce//-body, in which lies embedded a still smaller round
or oval body, the nucleus. At times within the latter a distinct dot, the
nucleolus, is seen. The original conception of the cell, as implied by its name,
was that of a minute sac, surrounded by a definite membrane or cell-wal/, filled
with fluid and enclosing a second smaller sac, the nucleus, which, in turn,
contained a third saccule, the nucleolus. Subsequent study established the
gelatinous, not fluid, character of the substance of the cell-body, or c¢yto-
plasm, and the frequent absence of the cell-wall and the nucleolus. The
cell-body and the nucleus are, therefore, the only essential parts of such
structural units as are entitled to be regarded as true ‘‘cells’ —retaining and

%] {



2 NORMAL HISTOLOGY.

using this misleading term in its accepted but not literal sense. The sub-
stance of the entire cell, including that of the cell-body and of the nucleus,
is the protoplasm, the cell being often defined as ‘‘a minute nucleated particle
of protoplasm.”’

THE STRUCTURE OF THE CELL.

The Cytoplasm.—The translucent, viscid substance forming the cell-
body, the cytoplasm, is complex in both its chemical and structural com-
position. Chemically, cytoplasm consists of a heterogeneous mixture of
water, salts and organic compounds. The latter are grouped under the
term profeids, which are complex combinations of carbon, hydrogen,

Exoplasm
Endoplasm
Cytoplasm
/ e b Nuclear hrane
\ \
. v i
Karyosome—; . —Nucleolus
Linin thread \ '
| __Centrosome surrounded by
Chromatin centrosphere
[ L
\ (14 i
Spongioplasm — . /
Hyaloplasm . : / Cytopl
5 P
M lastic incl 3 /
i N y ~— —Cell-wall
\y ; . /
\— ‘

Fi1G. 2.—Diagram of cell-structure. In the upper part of figure the nular condition of the cytoplasm
is represented; in the lowe':'eand left part, the reg::_':lar condition.

nitrogen and oxygen, with often a small percentage of sulphur. The pro-
teids of the cytoplasm, in contrast to those of the nucleus, contain little or
no phosphorus.

The cytoplasm by no means always presents the same structural appear-
ance, since its constituents are subject to changes in their condition and
arrangement which produce corresponding morphological variations, Thus,
the cytoplasm may be devoid of recognizable definite structure and appear
homogeneous, at other times it may present aggregations of minute spherical
particles and then be described as granular, or where the minute spheres are
larger and consist of fluid substances embedded within a surrounding denser
material, as a/veo/ar ; or, again, and most frequently, the cytoplasm contains
a meshwork of threads or fibrils, more or less conspicuous, which arrange-
ment gives rise to the reficular condition. It must be recognized, therefore,
that the structure of cytoplasm is not to be regarded as immutable, but
on the contrary, as capable of undergoing changes which render it probable
that a cell may appear during one stage of its existence as granular and at a
later period as reticular,

Whatever be the particular phase of structure exhibited by the cell,
histologists are agreed that the cytoplasm consists of two substances—an
aclive and a passive ; while both must be regarded as living, the manifesta-
tions of contractility are probably produced by the former.



STRUCTURE OF THE CELL. 3

Within the granular cytoplasm of many young or slightly differentiated
cells, as the colorless blood-cells, the active substance is represented by
minute spherical particles, or microsomes. Often these are not uniformly
distributed in the cell-body, a narrow peripheral zone of variable width and
firmer consistence being almost free from granules, while the area sur-
rounding the nucleus is densely packed. The terms exogplasm and endo-
plasm are sometimes employed to designate the homogeneous peripheral
and granular central regions of the cell-body respectively. Although only
very exceptionally, as in the case of the ovum, is the animal cell possessed
of a definite limiting membrane or ce//-wall, the peripheral layer of the
cytoplasm is usually of greater density. Changes in the surface tension,
which is thereby reduced, probably account for the alterations in form—the

- amceboid movements—and similar phenomena often regarded as ‘* vital’’
manifestations. )

Since a more or less pronounced reticular arrangement of the active
constituent of the cytoplasm is widely encountered in mature cells, this con-
dition may serve as the basis of the description of the morphology of the
typical cell. Examination of suitably prepared preparations with adequate
lenses shows the cytoplasm of many cells, especially the highly differen-
tiated forms of glandular epithelium, to contain a meshwork composed of
delicate threads and plates of the more active substance, the spongioplasm
(also called mitome or the filar mass). The spongioplastic threads contain
rows of minute granules, the microsomes, either scattered or closely placed.
Although conspicuous only after appropriate staining, threads of spongio-
plasm may at times be seen in the unstained and living cell, thereby proving
that such structural details are not artefacts due to the action of reagents
upon the albuminous substances of the cytoplasm.

The interstices of the meshwork are filled with a clear, more or less
homogeneous semifluid substance to which the name of Ayaloplasm (also
paraplasm, paramitome or inter-

Silar mass), has been applied.
Embedded within the hyalo- P
plasm, a variable amount of
foreign substances is frequently
present. These include parti-
cles of oil, pigment, secretory
products and other extraneous
materials, which, while of pos-
sible. importance in fulfilling the
purpose of the cell, are not
among its essential morpholog-
ical constituents. These sub-
stances, which are inert and take
no part in the vital aCtiVi.tY of FIG. 3—Spermatogenic cells, showing variations in
the cell, are termed collectively e Sudiien i, e suzpgemel, of e S o

metaplasm, within the cytoplasm close to the nucleus. A, from the

. inea-pig, X 16 Meves); B, from the cat, X 680 (von
The Nucleus.—This, the $insani. < ‘75 Meves) X s

B

second essential constituent of

the cell, usually appears as a sharply defined spherical or ellipsoidal body,
which, in stained preparations, is conspicuous on account of its deeper color.
Since the nucleus is the nutritive, as well as the reproductive, organ of the
cell, the fact that this part of the cell is relatively large in young and actively
growing elements is readily explained. While in a general way the nucleus
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corresponds in shape with the form of the cell, being ovai or rod-like in
elongated columnar or fusiform cells, and compressed or flattened in plate-
like elements, its outline is sometimes very irregular, as conspicuously seen
in the case of the colorless cells (leucocytes) of the blood. At times the
nucleus is capable of changing its form or even position independent of
the surrounding cytoplasm. Except during certain phases of division, when
the usual demarcation temporarily disappears, the nucleus is sharply defined
from the cytoplasm by a distinct envelope, the nuclear memérane. The latter
encloses the substance of the nucleus, the Aaryoplasm, which structurally
resembles the cytoplasm in being composed of two parts—an irregular
reticulum of nuclear fibrils and an intervening semifluid nuclear matrix.

The nuclear fibrils, when examined under high magnification after
appropriate treatment with suitable stains, such as hematoxylin, safranin
and other basic dyes, are shown to consist of minute irregular masses of a
deeply colored substance, appropriately called ckromatin, in recognition of
its great affinity for certain stains. The chromatin particles are supported
upon or within delicate inconspicuous and almost colorless threads of /inin.
The latter forms the basis of the supporting framework of the nuclear fibrils,
in which the chromatin is so conspicuous by reason of its capacity for stain-
ing. The individual masses of chromatin vary greatly in form, often being
irregular, and at other times thread-like or beaded. Not infrequently the
chromatin presents spherical aggregations which appear as deeply stained
nodules attached to the nuclear fibrils. These constitute the false nucleoli,
or karyosomes, as distinguished from the true nucleolus, which is usually
present within the karyoplasm. Chemically, chromatin, the most important
part of the nucleus, contains nxclein, a compound rich in phosphorus.

The nuclear matrix, the fluid or semifluid substance which occupies
the spaces between the nuclear fibrils, possesses an exceedingly weak affinity
for the staining reagents employed to color the chromatin. It usually appears,
therefore, clear and untinted, and contains a substance described as paralinin.

The nucleolus, or plasmosome, ordinarily appears as a small spherical
body, sometimes multiple, lying among, but unattached to, the nuclear
fibres. In stained tissues its color varies, sometimes resembling that of the
chromatin, although less intense, but usually presenting a different tint,
since it responds readily to dyes which, like eosin or acid fuchsin, particu-
larly affect the linin and cytoplasm. Concermng the nature, purpose and
function of the nucleolus much uncertainty exists. According to some
authorities these bodies are to be regarded
as storehouses of substances which are used
in forming the chromatin segments during
cell-division, while other cytologists attribute
to the nucleolus a passive role, even holding

,1 it to be a by-product, which, at least in

. some cases, is cast out from the nucleus

L .7 intothe cytoplasm, where it may disappear.

FiG. 4.—Human epithelial cells show- 1 D€ nucleolus is credited with containing a
ing paired centrosomes (c, ¢); 4, from  peculiar substance known as pyrenin.

‘QZ;.T'.C ‘('“'_'d;}. Z,f,::,",'},‘,’,ﬂ:ﬂf)"“' glands. The Centrosome.—In addition to the

parts already described, many animal cells

contain a minute body, the centrosome, which probably plays an important

role during division and, in a lesser degree, during other phases of cellular

activity, Ordinarily the centrosome escapes attention because, on account

of its minute size and variable staining affinity, it is with difficulty distin-

A




VITAL MANIFESTATIONS. 5

guished from the surrounding granules. Its usual position is within the
cytoplasm, but the exact location seems to depend upon the focus of
greatest motor activity; thus, in a dividing element, the centrosome lies
immediately related to the actively changing nucleus, while within ciliated
epithelium it is found closely associated with the contractile filaments con-
nected with the hair-like .appendages. In recognition of the intimate
relations between this minute body and the motor changes affecting the cell,
the centrosome may be regarded physiologically as its dynamic centre.
The centrosome, often represented by a pair of minute granules (diplosome),
is frequently surrounded by a clear area or halo, the centrosphere. As seen
in certain invertebrate cells, the centrosome is resolvable into a minute
granule, the centricle, embedded within a substance known as the centro-
plasm.

VITAL PHENOMENA.

The vital manifestations of the cell include those complex physico-chem-
ical changes which occur during the life of the cell in the performance of its
appointed work. They embrace metabolism, growth, reproduction and
irritability.

Metabolism, the most distinctive characteristic of living matter, is that
process whereby protoplasm selects from the heterogeneous materials of food
those particular substances which are suitable for its nutrition and converts
them into its own substance. Metabolism is of two kinds—constructive and
destructive.  Constructive metabolism, or anabolism, is the process by which
the cell converts the simpler compounds into organic substances of great
chemical complexity. Destructive metabolism, or katabolism, is the process
by which the cell breaks up the complex substances resulting from construc-
tive metabolism into simpler compounds. Vegetal cells possess the power
of constructive metabolism in a conspicuous degree and from the simpler
substances, such as water, carbon dioxide and inorganic salts, prepare food-
material for the nutritive and katabolic processes which especially distinguish
animal cells. The latter are dependent, directly or indirectly, upon the veg-
etal cells for their nutritive materials.

Growth, the natural sequel of the nutritive changes effected by metab-
olism, may be unrestricted and equal in all directions, resulting in uniform
expansion of the spherical cell, as illustrated in the growth of the ovum in
attaining its mature condition. Such unrestricted growth, however, is
exceptional, since cells are usually more or less intimately related to other
structural elements by which their increase in size is modified so as to be
limited to certain directions. Such limitation and influence result in «negual
growth, a force of great potency in bringing about the differentiation and
specialization of cells, and, secondarily, of organs and entire parts of the body.
Familiar examples of the results of unequal growth are seen in the columnar
cells of epithelium, the fibres of muscular tissue, and the neurones of the
nervous system.

Reproduction may be regarded as the culminating vital manifestation
in the life-cycle of the cell, since by this process the parent cell surrenders
its individuality and continues its life in the existence of its offspring. Cell-
reproduction occurs by two methods—the indirect or mitotic and the direct
or amitotic. The first of these, involving the complicated cycle of nuclear
changes known as mitosis or karyokinesis, is the usual method; the second
and simpler process of direct division is exceptional and frequently associated
with conditions of impaired vital vigor.
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Irritability is that property of living matter by virtue of which the cel!
exhibits changes in its form and intimate constitution in response to external
impressions. The latter may originate in mechanical, thermal, electrical or
chemical stimuli to which the protoplasm of even the lowest organisms
responds; or they may be produced in consequence of obscure and subtle
changes occurring within the protoplasm of neighboring cells, as illustrated
by the reaction of one neurone in response to the stimuli transmitted from
other nervous elements.

CELL DIVISION.
With the exception of the unusual cases in which division takes place

by the direct or amitotic method, the production of new generations of cells
of all kinds is accomplished by a complicated series of changes, collectively

A B C

F1G. s.—Diagram of mitosis. 4, resting stage, chromatin irregularly distributed in nuclear reticu-
lum; @, centrosphere containing double centrosome; s, nucleolus. B, chromatin arranged as close
spirem ; ¢, ¢, centrosomes surrounded by achromatic radial striations. C, stage of loose spirem, achro-
matic figure forming amphiaster (amp). D, chromatin broken into chromosomes; nucleolus has dis-
appeared, nuclear membrane fading ; amphiaster consists of two asters (a, a) surrounding the separating
centrosomes, connected by the spindle (s). £, longitudinal cleavage of the chromosomes which are
arranged around the polar field () occupied by the spindle. Z#, migration of chromatic segments
towards new nuclei, as established by centrosomes (c, ¢); ¢ p, equatorial plate formed by intermingling
segments. G, separating groups of daughter chromosomes (d. ¢3 united by connecting threads (¢¢). H,
dauﬁhter chromosomes (d, d) becoming arranged around daughter centrosomes which have already
divided ; C, C, beginning cleavage of cytoplasm across plane of equatorial spindle. 7, completed daughter
nucler (D, D); cytoplasm almost divided into two new cells. (Modified from Wilson.)

known as mitosis or karvokinesis, especially affecting the nucleus. In
addition to presiding over the nutritive changes within the cell, the nucleus
is particularly concerned in the process of reproduction; further, of the
various morphological constituents of the nucleus, the chromatin displays
the most active change, since this substance is the vehicle by which the char-
acteristics of the parent cell are transmitted to the new elements.  So essen-
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tial is this substance for the perpetuation of the specific character of the cell,
that the entire complex mitotic cycle has for its primary purpose the insur-
ance of the equal division of the chromatin of the mother cell between the
two new nuclei. Such impartial distribution of the maternal chromatin takes
place irrespective of any, or even very great, dissimilarity in the size of the
daughter cells, the smaller receiving one-half, or exactly the same amount
of chromatin as the larger.

Mitotic Division.—The details of mitosis or karyokinesis include a
series of changes involving the nucleus, the centrosome and the cytoplasm.
These changes are grouped conveniently into four stages: (1) the Pro-
phases, or preparatory changes; (2) the Metaphase, during which the mass’
of maternal chromatin is equally divided; (3) the Anaphases, in which the
chromatin is distributed to the new nuclei; and (4) the Zelophases, during

A4 B C

F1G6. 6.—Chromatic figures in dividing cells from epidermis of sal der embryn. X 8s0. A, rest-
ing stage; B, close spireme; C, loose spireme; D, chromosomes (*‘ wreath '), seen from surface; £,
similar stage, seen in profile; F, longitudinal cleavage of chromosomes; G, beginning migration of seg-
ments towards centrosomes ; //, separating grou s of daughter segments; 7, daughter groups attracted
towards poles of new nuclei, cytoplasm exhibits beginning cleavage.

which the cytoplasm of the mother cell undergoes division and the daughter
cells are completed.

Mitosis includes two distinct but closely associated and coincident series
of phenomena, the one involving the chromatin and the other the centro-
some and the linin. While as a matter of convenience these two sets of
changes are described separately, it must be understood that they take place
simultaneously and in co6rdination. The purpose of the changes affecting
the chromatin is the accurate and equal division of this substance by the
longitudinal cleavage of the chromatin segments. The object of the activity
of the centrosomes and the linin is to supply the requisite energy and guid-
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ance by which the chromatin segments are directed to the new nuclei in
process of formation, each daughter cell being insured in this manner one-
half of the maternal chromatin.

The Prophases, or preparatory stages, include a series of changes
which involve the nuclear substances and the centrosome, and result in the
production of the mitotic figure. The latter consists of two parts, (1) the
deeply staining chromatin filaments and (2) the achromatic figure, which
colors only very slightly if at all. The chromatin, which before division
begins is disposed along the irregular nuclear fibrils, loses its reticular
arrangement and, increasing in amount as well as in its staining affinities,
becomes transformed into a closely convoluted thread or threads, constitu-
ting the ‘‘close skein.”” The filaments composing the latter soon shorten and
thicken to form the ‘‘loose skein.’”” The skein, or spireme, may consist of a
single continuous filament, or it may be formed of a humber of separate
threads. Sooner or later the skein breaks up transversely into a number of
segments or chromosomes, which appear as deeply stained curved or straight
rods. A very important, as well as remarkable, fact regarding the chromo-
somes, is their numerical constancy, since the cells of every animal and plant
always possess a definite number of chromosomes, corresponding to the
quota for that particular species; further, in all the higher animals the
number is ¢ven, in man being probably twenty-four. During these changes
affecting the chromatin, the nucleolus, or plasmosome, disappears and,
probably, takes no active part in mitosis. The nuclear membrane likewise
fades away during the prophases, the chromatic segments now lying
unenclosed within the cell, in which the cytoplasm and nuclear matrix are
continuous.

Coincident with the foregoing changes, the cenfrosome, which by this
time has become double, is closely associated with the achromatic figure.
A delicate radial striation appears around each centrosome, thereby pro-
ducing an arrangement resembling stars or asfers. The centrosomes early
manifest a disposition to separate towards opposite poles of the cell, this
migration resulting in a corresponding migration of the asters. In conse-
quence of these changes, the retreating centrosomes become the foci of two
systems of radial striation which meet and together form an achromatic
figure known as the amphiaster. The latter consists of the two asters and
the intervening spindle. There seems little doubt that the centrosomes play -
an important r6le in establishing foci towards which the chromosomes for the
new nuclei become attracted. Subsequently the nuclear spindle, which |
originates from the amphiaster, often occupies the periphery of the nucleus,
whose limiting membrane by this time has disappeared. The delicate
threads of linin composing the nuclear spindle extend within an area, the
polar ficld, around which the chromosomes become grouped. The chromo-
somes, which meanwhile have arisen by transverse division of the chromatin
threads composing the loose skein, appear as V-shaped segments, the
closed ends of the loops being directed towards the polar field which they
encircle.

The Metaphase includes the most important detail of mitosis—namely,
the longitudinal cleavage of the chromosomes, whereby the number of the
latter is doubled and the chromatin is equally divided. The cleavage and
division are the first steps towards the actual apportionment of the chroma-
tin between the new nuclei, each of which receives not only exactly one-half
of the chromatin, but the full quota of chromosomes, and this irrespective of
even marked inequality in the size of the new daughter cells.
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The notable exception to the constancy of the numerical quota of
the chromosomes presented by the germ-cells should be mentioned. Since
the chromosomes of the fertilized ovum are derived from the chromatin
contributed equally by the paternal and maternal germ-cells—the spermato-
zoon and the ovum—it is evident that unless the number of chromosomes
from each parent be only one-half the usual number for the species, the
segmentation nucleus and the succeeding cells would contain twice the
normal quota of chromosomes. In order to prevent such redundancy,
during the development of the spermatic cells, on the one hand, and the
maturation of the ovum on the other, reduction of the chromosomes to
one-half the usual number actually takes place. The details by which this
reduction is accomplished vary in different classes of animals ; but, whatever
be the method, the result is to reduce the number of chromatin-masses
one-half. This may occur before or after the first of the divisions, pro-
ducing the capable germ-cells. The full quota for the species is restored
to the segmentation nucleus and its descendants by the subsequent ad-
dition of the reduced contingents of the two germ-cells when fertilization
occurs.

Meanwhile the centrosomes have continued to migrate towards the
opposite poles of the dividing cell, where each forms the centre of the astral
radiation that marks either pole of the amphiaster. The purpose of the
achromatic figure is to guide the longitudinally cleft chromosomes towards
the new nuclei during the succeeding changes.

The Anaphases accomplish the migration of the chromosomes, each
pair of sister segments contributing one unit to each of the two groups of
chromosomes that are passing towards the poles of the achromatic spindle.
In this manner each new nucleus receives not only one-half of the chromatin
of the mother nucleus, but also the same number of chromosomes that orig-
inally existed within the mother cell, the numerical constancy of the particu-
lar species being thus maintained.
~ In the beginning of their passage towards the poles of the achromatic
figure, the migrating chromatic segments, attracted along the linin threads,
for a time form a compact group about the equator of the spindle. As the
receding segments pass towards their respective poles, the opposed ends of
the separating chromosomes are united by intervening achromatic threads,
the connecting fibres. Sometimes the latter exhibit a linear series of thick-
enings, known as the ce/l-plate or mid-body. The migration of the chromo--
somes establishes the essential features of the division of the nucleus, since
the subsequent changes are only repetitions, in reverse order, of the details
of the prophases.

The Telophases, in addition to the final stages in the rearrangement
of the chromatic segments of the new nuclei, including the appearance of the
daughter skeins, of the new nuclear membranes and of the nucleoli, inaugu-
rate the participation of the cytoplasm in the formation of the new cells.
During these final stages of mitosis, the cell-body becomes constricted and
then divides into two, the plane of division coinciding with the equator of
the nuclear spindle. Each ot the resulting masses of cytoplasm invests a
new nucleus and recetves one-half of the achromatic figure, consisting of a
half-spindle and one of the asters with a centrosome. The new cell, now
possessing all the constituents of the parent element, usually acquires the
morphological characteristics of its ancestor and passes into a condition of
comparative rest, until called upon, in its turn, to undergo division and enter
upon the complicated cycle of mitosis.
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FiG. 7.—Decidual cells exhibiting
amitotic division of nucleus (A4-D);
irregular mitosis has occurred.

in £
X 3s0.

NORMAL HISTOLOGY.

SYNOPSIS OF MITOTIC DIVISION.

Prophases :
A. Changes within the nucleus : Chromatic figure.

Chromatin loses reticular arrangement.
Close skein.

Loose skein.

Disappearance of nucleolus.

Division of skein into chromosomes.
Chromosomes grouped around polar field.
Disappearance of nuclear membrane.

B. Changes within the cyloplasm : Achromalic figure.

Division of centrosome,

Appearance of asters.

Migration of centrosomes.

Formation of amphiaster.

Appearance of nuclear spindle and polar field.

Metaphase :

Longitudinal cleavage of chromosomes.

Anaphases:

Rearrangement of chromosomes into two groups.
Migration of groups towards poles of amphiaster.
Appearance of connecting fibres between receding groups.
Construction of daughter nuclei.

Telophases :

Constriction of cell-body at right angles to axis of spindle.
Chromosomes rearranged as daughter skeins.
Appearance of nuclear membranes.

Appearance of nucleoli.

Complete division of cell-body.

Daughter nuclei assume vegetative condition.
Achromatic striation usually disappears.

Centrosomes, single or double, lie beside new nuclei.

Amitotic Division.—The  occurrence of cell reproduction without
the complex cycle of karyokinetic changes, is known as amitotic or direct
division. This process takes place as an ex-
ceptional method in the reproduction of the
simplest forms of life, and in the multiplication
of cells within pathological growths or tissues
of a transient nature, as the fcetal envelopes.

The essential difference between the ami-
totic and the usual method of division lies in
the fact that, while in the latter the chromatin
is equally divided and the number of chro-
mosomes carefully maintained, in the direct
method the nucleus remains passive and suffers
cleavage of its total mass, but not of its indi-
vidual components, by constriction or fission.
Neither the chromatic nor the achromatic
figure is produced, the activity of the centrosome, when exhibited, being
uncertain and perhaps directly expended in effecting division of the cyto-
rlasm and, incidentally, of the nucleus.

In many cases amitotic division of
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the nucleus is not accompanied by cleavage of the cytoplasm, such processes
resulting in the production of multinuclear and aberrant forms of cells.
In general, it may be assumed that cells which undergo amitotic division are
destined to suffer premature degeneration, since such elements subserve
special purposes and are usually incapable of perpetuating their kind by
normal reproduction. Flemming has pointed out that leucocytes which
arise by direct division, and therefore deviate from the usual mode of origin
of these elements, are doomed to early death. Among the higher animals,
amitotic division must be regarded, probably, as a secondary process.

ORIGIN AND DIFFERENTIATION OF THE CELLS.

The body, with all its complex details, is the product of the differen-
tiation and specialization of cells which are the descendants of the fertilized
ovum. The latter represents the two parents, since the chromatin of the

ia

ssicle (nu-
ining ger-
nucleolus)

F1G. 8.—~Human ovum from ripe Graafian follicle. X 160. (/Nagel.)

segmentation nucleus is contributed equally by the germ-cells, the sperma-
tozoon and the ovum.

The ovum is formed within the female sexual gland, the ovary, where
it passes through all stages of development, from immaturity to maturation,
until finally liberated by rupture of the ovarian tissue. As a cell, the ovum
is interesting, since it possesses all parts of the typical cell, including a cell-
wall. These parts have long been designated by special names; thus, in the
nomenclature of the egg, the cytoplasm is called the vitellus or yolk, the
nucleus the germinal vesicle, the nucleolus the germinal spot, and the cell-
wall the oolemma or vitelline membrane. While the ova of birds and rep-
tiles are often of huge size, the yolk of the hen's egg corresponding to a
single cell, the true ovum, the mammalian ova are much smaller and barely
visible with the unaided eye. The Auman ovum, when discharged from the
ovary, is about .2 millimeter in diameter, spherical in form and composed
of cytoplasm containing innumerable yolk-granules. The latter, the repre-
sentatives of the abundant masses of nutritive material or deufoplasm stored
as the food-yolk in the bird’s egyg, are especially numerous in the vicinity of
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the nucleus. Towards the periphery of the cell they are nearly wanting, a
narrow zone of almost homogeneous cytoplasm lying immediately beneath
the delicate vitclline membrane. The liberated ovum is surrounded by a
protecting membrane, the zona pellucida, which some-
times exhibits a faint radial striation. This envelope
must not be confounded with the vitelline membrane,
a since' it is not strictly a part of the ovum, but a product
of the surrounding epithelial cells lining the little sac, the
Graafian follicle, enclosing the egg while within the ovary.
! The large eccentric spherical nucleus, the germinal vesicle,
) is about 37 r' in diameter and surrounded by a distinct
‘ nuclear membrane. Within the germinal vesicle are
found the usual constituents. of the nucleus, including
the all-important chromatin fibrils, nuclear matrix and
nucleolus. The latter, the germinal spot, is distinct and
measures about 5 2 in diameter.
1}_, The spermatozoon, the male germ-cell, is produced
Tail { by the specialization of epithelial cells lining the semi-
: niferous tubules within the testis. The human sperma-
tozoon consists of three chief parts—the ovoid /ead,
middle-piece, which includes the slightly constricted neck
and the connecting piece, and the attenuated and greatly
extended fa7/. Although the entire length of the sper-
matic element is about 50 #, the head measures only
about 5 x; the male germ-cell, therefore, is much smaller
than the ovum. The head and the neck are the most
important parts, since they contain respectively the chro-

o matin and the centrosome of the cells, the spermatids,
Terminal {: from which the spermatozoa are directly derived.

The centrosome is represented by two minute spher-
h“!’lmgl-.q‘;;ll)‘imgg-o of ical bodies, the neck-granules, which lic in the neck
a. neck-granules, rep. immediately beneath the head and at the anterior ex-
e e fore,  tremity of the connecting piece. The aial fibre extends
X 1800.  (Meves). throughout the spermatozoon from the neck to the tip

of the tail, ending as an attenuated thread, the ferminal
JSilament.  The tail corresponds to a flagellum and serves the purpose of
propulsion alone, taking no part in the important changes within the ovum
incident to fertilization, during which the head and middle-piece enter the
substance of the egg. :

Immediately following the construction of a new nucleus from the chro-
matin contributed by the two parental germ-cells, the fertilized ovum enters
upon a cycle of repeated division. As the result of this process, known as
segmentation, in which the new cells arise by mitotic division, a spherical
mass of young cells, the morula, is produced. This mass, at first solid,
soon acquires a central cavity filled with fluid and is converted into a hollow
sphere, known as the blastodermic vesicle.  The wall of this sac consists of
a single layer of cells, except at one place where a small mass of cells is
attached to the inner surface. The outer or covering layer of cells is the
trophoblast ; the group of cells attached to the inner surface of the tropho-
blast is the inner ccll-mass. Corresponding to the position of the latter,

Head *I[‘\-A
Neck {

Connect-

ing piece 1

1The sizes of microscopic objects are usually expressed in thousandths of a
millimeter, represented by the letter #; 1 # (micron) = oor mm.



THE GERM-LAYERS. 13

the surface of the blastodermic vesicle presents an opaque circular field, the
embryonic area, so called from the fact that within this area the first tracés
of the future embryo appear. . |

In consequence of further growth and differentiation of the inner cell-
mass, the latter gives rise to two sheets of cells, the ecfoderm and the
entoderm. The first of these is continuous with the trophoblast and, in con-
junction with the latter, completes the outer layer of the blastodermic vesi-

A . B C

D
X
~

F1G. 10.—Early stages of segmentation as seen in sections of ova of mouse. X 450. (Sobotla.)
A-D show the rearrangement of the chromosomes contribuied by the male (m) and female (/) germ-
cells as preparatory to the first cleavage of the fertilized ovum; p, g, polar bodies; e p, stage of equatorial
plate; a, 5, daughter groups of chromosomes. £, F, the daughter cells arising from first cleavage. G,
one cell (8) is larger and is preparing to divide. #, later stage of this division. Z, stage of three seg-
mentation spheres (@ and ¢, ¢) resulting from this division.

cle. The entoderm gradually expands until it forms a complete second
layer within and concentric with the outer stratum of the blastodermic wall.
Meanwhile a third layer of cells, the mesoderm, makes its appearance be-
tween the ectoderm and the entoderm and, in time, converts the wall of the
blastodermic vesicle into a trilaminar envelope. The three cell-sheets
derived from the inner cell-mass constitute the é/astodermic or germ-layers
—structures of great importance, since they supply the cells from which all
parts of the embryo are developed. The histological characters of the outer
and inner of these primary layers differ, almost from the first, from those of
the mesoderm, their component elements being more compact in arrange-
ment and early acquiring the characteristics of covering cells or epithelium.
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The mesodermic elements, on the contrary, for the most part assume
irregular forms and are loosely held together by intercellular substance, thus

Zona pellucidu ‘Trophoblast

Zona pellucida

F1G. 11.—Diagrams of very early stages of the mammalian blastodermic vesicle; A, the vesicle con-
sists of trophoblast and inner cell-mass; B, the inner cell-mass is differentiating into ectoderm and ento-
derm. (After van Beneden.)

foreshadowing the features which distinguish many of their derivatives as
members of the connective tissue group.

Embryonic

Embryonic ectoderm

ectoderm

F1G. 12.—Diagrams of later stages of the mammalian blastodermic vesicle ; 4, the thickened embryonic
ectoderm corresponds to the area in which the embryo will develop ; B, the mesodern is appearing as the
third germ-layer between the ectoderm and the entoderm, the latter now forming a complete layer.

The mesoderm undergoes important modifications, splitting into two
sheets, a parictal and a visceral layer, between which is included the primitive

Ectoderm  Neural groove Medullary fold

Chorda

F1G. 13.—Transverse section of rabbit embryo of about eight and one-half days, showing the characte:r of
the early germ-layers; the future neural canal is represented by the widely open groove. X 8o.

body-cavity or cwlom. Subsequently this space is subdivided into the great
serous sacs of the body—the pericardial, the pleural and the peritoneal—
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lined with the modified mesodermic elements, known as mesothelium (page
21). The cleavage of the middle germ-layer, however, does not involve the
mesoderm in the immediate vicinity of the embryonic axis, since on each
side of the latter there remains a tract of uncleft paraxial mesoderm, in which
appears a series of quadrilateral areas, the mesodermic somites. These are
important since they contribute the material giving rise to the vertebral
column and the voluntary muscles.

The parietal layer of the mesoderm adheres to the ectoderm and, in
conjunction with the latter, constitutes the somafopleura, the ecto-meso-
dermic sheet that forms the ventro-lateral walls of the body. In like man-
ner, the visceral layer adheres to the entoderm and, with it, constitutes the
splanchnopleura, whose folding-off establishes the dlgestlve tube.

Since these primary layers give rise to all the tissues of the body, a
synopsis of their genetic relations may be given; a word of caution, how-
ever, should be added against regarding these groups as too sharply de-
ﬁned since a certain degree of transition must be recognized.

DERIVATIVES OF THE BLASTODERMIC LAYERS.

From the ectoderm are derived -—

Epithelium of outer surface of the body, including that of the conjunctiva
and anterior surface of the cornea, and of the external auditory
canal, together with the epithelial appendages of the skin, as hairs,
nails, sebaceous- and sweat-glands (including the involuntary muscle
of the latter).

Epithelium of the nasal fossa, with its glands, as well as the cavities
connected therewith.

Epithelium of the mouth and of the salivary and other glands opening
into the oral cavity.

Enamel of the teeth.

Tissues of the nervous system.

The retina ; the crystalline lens and perhaps part of the vitreous humor

" and of the muscle of the iris.
Epithelium lining the membranous labyrinth.
Epithelium of the pituitary and pineal bodies.

From the mesoderm are derived .—

Connective tissues, including areolar tissue, tendon, cartilage, bone and
dentine.

Muscular tissue, except that of the sweat-glands and the dilator pupille.

Tissues of the vascular and lymphatic systems, including their endo-
thelium and circulating cells.

All parts of the sexual glands and their excretory passages, as far as the
termination of the ejaculatory ducts and of the vagina.

All parts of the kidney and ureter.

From the entoderm are derived -—

Epithelium of the digestive tract, with that of all glandular appendages,
except those portions of ectodermic origin at the beginning (oral
cavity) and termination of the tube.

Epithelium of the respiratory tract.

Epithelium of the urinary bladder and of urethra (except part ot male).

Epithelium of thyroid, parathyroid and thymus bodies.
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THE ELEMENTARY TISSUES.

THE varipus parts and organs of the complex body may be resolved, in
their structure, into four groups of elementary lissues—the epithelial, the
connective, the muscular and the nervous. By the association and modifica-
tion of two or more of these tissues the organs are made up and acquire the
distinctive characteristics demanded by their function. A fifth group—the
vascular lissues, including the blood-vessels and lymphatics with the con-
tained blood and lymph—is sometimes added in view of the usual occurrence
of these tissues as constituents of organs. Since, however, the vascular tis-
sues are genetically related closely with the connective tissues and, where
highly specialized, are themselves composite in structure, it seems more
appropriate that they be not regarded as an independent group.

THE EPITHELIAL TISSUES.

The epithelial tissues include, primarily, the sheet of protecting cells
(epidermis) covering the exterior of the body and the epithelium lining the
digestive tube. Secondarily, they constitute the derivations of the epider-
mis, as hairs, nails and glands of the skin, and the lining of the ducts and
compartments of the glands connected with the digestive canal, as well as
- the lining of the respiratory tract, which originates as an evagination from
the gut-tube. Further, epithelium forms the lining of the genito-urinary
tract.

The primary purpose of the epithelium being to protect the delicate vas-
cular and nervous structures lying within the subjacent connective tissue of
the skin and of the mucous membranes, the epithelial cells are arranged as a
continuous sheet, the individual elements being united by a very small amount
of intercellular or cement substance.

Epithelium is devoid of blood-vessels, the necessary nutrition of the
tissue being maintained by the absorption of nutritive juices which pass to
the cells by way of the minute clefts within the intercellular substance. The
distribution of nerve-fibres within epithelium ordinarily is scanty, although
in localities possessing a high degree of sensibility, as the tactile surfaces or
the cornea, the terminal nerve-filaments may lie between the epithelial ele-
ments. Frequently the epithelium is separated from the connective tissue
upon which it rests by a delicate basement membrane or membrana propria.
The latter usually appears as a linear subepithelial boundary, being often
particularly well marked beneath the epithelium of glands.

Based on the predominating form of the component cells, the epithelial
tissues are divided into two chief groups, sguamous and columnar, each of
which is subdivided into simple and stratified, according to the presence of
a single or several layers of cells respectively. Afodified epithelium includes
cells which exhibit adaptation and specialization to meet particular uses;
such are the ciliated, pigmented and glandular epithelia. Highly differenti-
ated neuro-epithelium occurs in the perceptive apparatus concerned in the
special senses, the gustatory cells of the taste-buds found on the tongue, the
rod- and cone-cells of the retina and the auditory cells of Corti's organ being
familiar examples.

Squamous Epithelium.—Where this variety of epithelial tissues
occurs as a single layer, it consists of flattened polyhedral nucleated plates
which, viewed from the surface, form a more or less regular mosaic. Hence
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the terms *‘ pavement’’ or ** tessellated’’ are sometimes applied to this type
of epithelium. Such arrangement of the squamous type, however, is ynus-
ual in the human body—the alveoli of the lungs, the posterior surface of the
anterior capsule of the crystalline lens and the membranous labyrinth being
the chief localities in which simple squamous epithelipym is found.

The far more usual disposition of the squamous type of epithelium is as
a number of superimposed layers, this constituting the important group of
stratified squamous epithelium. Although the free surface of such struct-

F1G. 14.—Simple squamous epi- X A
thelium from the anterior capsule F16. 15.—Stratified squamous epithclium from anterior surface
of the crystalline lens. X 360. of the cornea. X 465.

ures presents the mosaic formed by the superficial plates, the entire tissue is
by no means composed of flattened cells. When seen in section (Fig. 15),
the deepest cells are not scaly, but irregularly columnar, resting on the base-
ment membrane by slightly expanded bases. The surface of the underlying
connective tissue 1s beset with minute elevations or papillee, which serve as
advantageous positions for the terminations of blood-vessels or of nerves.
Owing to the more favored nutrition of the deepest stratum, the cells next
the connective tissue possess the greatest vitality and are the source of the

F1G. 16.—Isolated surface cells trom epithelium Fi1a. 17.—Epithelial cells from epidermis, show-
lining the mouth. X 320. ing intercellular bridges. X 675.

new elements necessary to replace the old and effete cells which are continu-
ally being removed at the free surface. This loss is due not only to mechan-
ical abrasion, but also to the displacement of the superficial elements by the
new cells formed within the deeper layers.

Passing from the basement membrane towards the free surface, the
form of the cells undergoes a radical change. The columnar type belongs
exclusively to the deepest layer; the superimposed cells assume irregularly
polyhedral forms and gradually expand parallel to the free surface, to
become, finally, the large thin scales (Fig. 16) so characteristic of the super-

a
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ficial layers of stratified squamous epithelium. The position of the nucleus
also varies with the situation of the cells, since within those next the base-
ment membrane the relatively large nucleus lies near the subjacent con-
nective tissue, while within the cells of the middle and superficial strata the
nucleus, comparatively small, is placed about the centre of the cell. The
irregularly polyhedral cells of the deeper strata frequently are connected by
delicate protoplasmic processes which. bridge the intervening intercellular
clefts (Fig. 17); when such elements are isolated, the delicate connecting

F1G. 18.—Transitional epithelium from the bladder. F1G. 19.—Simple columnar epithelium from in-
X 300. testinal mucosa. X 750.

threads are broken and appear as minute spines besettjng the so-called prick/e
cells. In certain localities, as in the urinary bladder, the columnar cells of
the deepest layer rapidly assume the scaly character of the superficial elements.
Such epithelium possesses relatively few layers and is often described as
transitional epithelium, a modification of the stratified squamous variety.
Columnar Epithelium.—When consisting of a single layer of pris-
moidal elements, the epithelium constitutes the simple columnar variety,
which is much more widely distributed than the corresponding squamous
group, the lining of the stomach and of the intestinal tube being important
examples. When the single layer of cells is replaced by several, as in the
stratified columnar epithelium, the superficial elements alone are typically
columnar. The free ends of the prismoidal cells frequently present cyto-
plastic specializations in the form of a cuticular border or of cilia, while their
ends which rest upon the basement membrane are pointed, club-shaped, or
forked. The intervals formed by such irregular contours are occupied by
the smaller cells of the deeper stratum. Each cell is provided with a

F1G. 20.—Stratified columnar epithelium from F1G. 21.—Gobletcells from epithelium lining.
vas deferens. X 500. large intestine. X so0.

nucleus, which is situated about the middle within the superficial elements
and nearer the base within the deeper ones. The surface cells often contain
collections of mucous secretion and, in consequence, become distended into
conspicuous chalice forms known as goblet-cells. Such modified elements
occur in great profusion within the epithelial lining of the large intestine
and of the repository tract.

Modified Epithelium.—In order to meet particular work, beyond
the mere function of protection, epithelial cells may undergo profound mod-
iication or high specialization. Thus, in order to produce a current favor-
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able for the propulsion of mucus or secretions, the free surface of the epi-
thelium in many localities, as in the trachea and bronchial tubes, the inferior
and middle nasal meatuses and the oviducts and uterus, is provided with
minute hair-like vibratile processes, or ¢ci/ia. The exact relations of the cilia,
specializations of the substance of the cell, to the cytoplasm are still uncertain,
although it is probable that the hair-like processes attached to the free
surface are connected with delicate intracellular fibrille within the superficial
and more highly specialized parts of the cells. In man and the higher
mammals ciliated epithelium is limited to the columnar variety. The
number of cilia attached to each cell varies, but there are usually between
one and two dozen such appendages. Their length, likewise, differs, those
lining the epididymis being about ten times longer than those attached to
the tracheal mucous membrane. Under favorable conditions, including a
sufficient supply of moisture, oxygen and heat, ciliary motion may continue
for many hours or even days after removal of the tissue.

The cytoplasm of epithelial cells often is invaded by particles of foreign
substances; thus, granules of fatty and proteid matters are very common,
while the presence of granules of keratohyalin in certain cells of the epidermis

F1G. 23.—Ciliated epithelial cells. A,
F1G. 22,—Stratified ciliated columnar epithelium from intestine of a mollusk ; B, from nasal
from trachea. X soo. mucosa of frog. X 675. (Engelmann.)

characterizes the stratum granulosum. When the contained particles are
colored, as when composed of melanin, the affected cells acquire a dark
brown tint and are then known as pigmented epithelium. Examples of such
cells are geen in the outer layer of the retina and in deep cells of the epider-
mis in certain races.

On surfaces clothed with columnar epithelium, many cells are distin-
guished by unusually clear cytoplasm and exceptional form and size. These
are the goblet-cells, whose peculiar chalice form results from an accumulation
of mucoid secretion elaborated within the cytoplasm of the cells. When dis-
tention becomes too great, the cell ruptures in the direction of least resist-
ance and the secretion is poured out upon the surface of the mucous mem-
brane as the lubricating mucus. The goblet-cells, therefore, may be
regarded as unicellular glands and as representing the simplest phase in the
temporary specialization of glandular tissue. When the epithelial elements
become permanently modified to engage in the elaboration of secretions,
they are recognized as glandular epithelium. The cells lining the ducts and
the ultimate compartments of the glands are modified extensions of the epi-
thelium covering the adjoining mucous membrane. Their form and condi-
tion depend upon the degree of specialization, varying from columnar to
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spherical and polyhedral, in the one case, and upon the number and nature

of the secretion particles in the other. The cells lining parts of certain

glands, as those clothing the ducts of the salivary glands, or the convoluted
portion of the uriniferous tubules, exhibit a more or
less evident striation. Such cells constitute rod epi-
thelium.

The highest and most complex modifications of
epithelial tissues are those occurring during the devel-
opment of the structures designed to receive the stimuli
giving rise to the special senses. The epithelium'in
these localities is differentiated into two groups of
elements, the sustentacular and the perceptive; to the
latter the name of neuro-cpithelium is applied. Con-

FIG. 24.—Pigmented epl-  Spicuous examples of such specialized epithelium are

thelium from the human  the rod- and cone-cells of the retina and the auditory
. 435- . . . .

or hair-cells of Corti’s organ in the internal ear. |

A more detailed description of glandular epithelium is given in the

chapter devoted to Mucous Membranes and Glands (page 119); the details

of the neuro-epithelial structures are included under the appropriate Organs .

of Sense.

THE ENDOTHELIA.

This term, as here used, is applied to the modified mesodermic cells
that cover serous surfaces and, therefore, includes the lining of the pericardial,
pleural and peritoneal subdivisions of the body-cavity, together with the
lining of the blood- and lymph-vessels and of the lymphatic spaces through-
out the body. In principle, these spaces are intramesodermic clefts and the
clements forming their lining are derivatives of the great connective tissue-
producing germ-layer. The endothelia, therefore, are closely related to the
connective tissues and, in a sense, may be regarded as modified elements of
that class. In view of their arrangement as investing cell-sheets and other
resemblances, they may be
conveniently discussed in con-
nection with the epithelial
tissues; indeed by many his-
tologists they are included
among the epithelia.

The most striking differ-
ence in situation between the
endothelia and the epithelia is
the fact of the former covering
surfaces not communicating
with theatmosphere, while the
epithelial tissues clothe mu-
cous membranes, all of which
are directly or indirectly con-
tinuous with the integumen-
tary surface. ~ A furtber COI?- F1G. 25.—Mesothelial cells from surface of omentum; intercen
trast between these tissues is lular cement-substance stained by argentic nitrate. X 300.
presented in their genetic
relations with the germ-layers, since the epithelia, with the exception of those
lining certain parts of the genito-urinary tracts which are derived from the
mesoderm, are transformations and outgrowths from the ectoderm and ento-
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- derm, while the endothelia are direct modifications of mesodermic cells. The
young mesodermic cells bordering the early body-cavity become differentiated
into a delicate lining for this space, and later give rice to the plate-like ele-
ments which constitute the lining of the permanent serpus sacs. The primary
lining is known as the wmesothelium, which name is often retained to designate
the investment of the pericardial, pleural and peritoneal cavities, as distin-
guished from the endothelium which lines the vascular and other serous spaces.

As seen in typical preparations, obtained from the peritoneum after
appropriate treatment with argentic nitrate, the endothelial cells on surface
view appear as irregularly polygonal areas mapped out by deeply tinted
lines (Fig. 25). The latter represent the silver-stained albuminous inter-
cellular cement-substance, which joins the flattened cells in a manner similar
to that seen in simple squamous epithelium. The lines of apposition are
sinuous and less regular than those between epithelial cells, in many cases
the lines appearing distinctly serrated. The form of the cells and the char-
acter of their contours, however, are not -
constant, since they are greatly influenced
by the degree of tension to which the
tissue has been subjected. Protoplasmic
threads directly connecting the adjoining
cells have been described.

After silver staining the intercellular
substance frequently shows irregular,
deeply colored. areas at points where
several endothelial cells come together.
These figures are described as stigmata - .
or pseudostomata and by some are inter-  Fiq. 26—Endothelial cells lining artery of
preted as indications of the existence of dog: stained with silver aud hematoxylin.
minute openings leading from the serous )
cavity into the subjacent lymphatics. They are, however, largely accidental
and due to dense local accumulations of the stained intercellular materials.
True orifices, or sfomata, on the other hand, undoubtedly exist in certain
serous membranes, as in the septum between the peritoneal cavity and the
abdominal lymph-sac of the frog and, probably, the peritoneal surface of the
diaphragm of mammals. The positions of these stomata are marked by a
conspicuous modification in the form and arrangement of the surrounding
endothelial plates, which are radially disposed about centres occupied by the
stomata. The immediate walls of the orifices are formed by smaller and
more granular elements, the guard-celis, the contraction and expansion of
which probably modify the size of the openings.

THE CONNECTIVE TISSUES.

The important group of connective substances, the most widely distrib-
uted of all tissues, is the direct product of the middle germ-layer. Since the
latter is also the origin of epithelial, muscular, vascular and lymphoid tissues,
that portion of the mesoderm especially concerned in producing the connec-
tive tissues has been designated the mesenchyma. Their essential role, con-
nection and support, being largely passive and mechanical, the physical
characteristics of these tissues are of much importance. These depend upon
the intercellular substance, which, in marked contrast to the meagre cement-
substance of the epithelia, is very large in amount and contributes the chief
bulk of the tissue.
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During the period of embryonal growth the intercellular substance is
semifluid, gelatinous and plastic: a little later, as growing connective tissue,
it is still soft, although more definitely formed; while, as the adult areolar
tissue, it becomes tough and yielding. Grouped as masses in which fibrous
tissue predominates, the intercellular substance acquires the toughness and
inextensibility of tendon; where, on the contrary, large quantities of elastic
tissue are present, as in certain ligaments, extensibility is conspicuous.
Further condensation of the intercellular substance produces the resistance
encountered in hyaline cartilage, intermediate degrees of condensation being
presented by the fibrous and elastic varieties. In those cases in which the
ground-substance becomes impregnated with calcareous salts, the hardness
of bone or of dentine results. Notwithstanding these variations in the
density and physical properties of the intercellular substance, the cellular
elements have undergone little
radical change, the connective
tissue-corpuscle, the tendon-cell,
the cartilage-cell and the bone-
corpuscle being essentially iden-
tical.

The principal forms in which
connective tissue occurs are: (1)
Mucous Tissue, (2) Reticular Tis-
sue, (3) Fibrous Tissue—loose
and dense, (4) Adipose Tissue,
(5) Cartilage and (6) Bone.

Mucous Tissue.—This
form of connective substance is
the most immature, being in fact
, the embryonal type, and closely
F16. z7.—Mucous tissue from seg‘t.ion of very young resembles the parent tissue, the

umbilical cord. x 350. .

mesenchyma. As seen in sec-
tions of the embryo or of the early umbilical cord, it consists of a delicate
protoplasmic network containing a semifluid intercellular substance. The
network is formed by the union of the processes of irregularly branched
stellate or fusiform cells, whose oval nuclei are embedded in plate-like
masses of faintly granular cytoplasm. The intercellular ground-substance
is semifluid and, depending upon the stage of development, either struct-
ureless or traversed by indistinct fibrille. The latter owe their origin to
the cells and are produced by differentiation of the cytoplasm. Being
essentially embryonal tissue, in the higher animals the mucous variety
of connective tissue is limited to the earlier stages of development, the
so-called jelly of Whartorn in the young embryo being a striking example.
Among the invertebrates, on the other hand, mucous tissue is formed in
the adult animal. Certain pathological growths, known as myxoma, exhibit
a similar arrangement of cells and yield mucus. The latter substance,
produced also by glandular epithelium, contains true mucins—a group of
complex proteid substances.

Reticular Tissue.—This variety of connective tissue differs from the
mucous in retaining only a very meagre amount of intercellular substance
and consists, therefore, chiefly—in some instances almost exclusively—of a
network of connective tissue cells, the meshes of which are occupied by fluid
and the lymphoid elements which the reticulum supports. The cells are
flat and stellate and rest upon the surface of the strands of intercellular sub-
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stance. Where the latter is best developed, it is composed of delicate fibres
which resemble those of fibrous connective tissue. The reticular fibres prob-
ably differ somewhat from the white fibres of connective tissue in chemical
composition, containing a variety of gelatin known as reficu/in. Reticular
tissue occurs principally as the supporting
framework of lymphoid tissue, hence is well
seen in suitably prepared sections of the
lymph-nodes and of the spleen. It is also
found in the mucous membrane of the intes-
tinal tract, while the reticulum of bone-marrow
and the interstitial tissue of certain organs,
as the kidneys and liver, contain it.

Fibrous Tissue.—Under this head are
included the more usual forms of connective
tissue which have representation in, practi-
cally, all parts of the body. They exhibit
a wide range of variation in their physical gt vy
properties which depend upon differences .
in the intercellular substance, due to modi- Fi¢. 28—Reticular tissue from lymph-
fications in the arrangement and propor-
tions of its constituents. Before considering the several varieties of fibrous
connective tissue, loose and dense, the histological components common
to all these tissues claim attention. These components are the cel/s and
the fibres. :

Connective Tissue Cells.—Although the more active constituent of the
connective tissue, it is only in the youngest and immature stages that
the cells are conspicuous; later, after the tissue has acquired its definite
characteristics, the intercellular substance has usually become so predomi-
nant, that the cells are reduced to inconspicuous elements, notwithstanding

their important roéle as nutritive and reproductive

. Fi1G. 29.—Young connective
tissue cells from subcutaneous
tissue of cat embryo. X s90.

centres. The irregularly branched or stellate types
of the parent mesenchymal cells are retained
ordinarily only during the earlier periods of growth,
the connective tissue cells decreasing in size and
prominence as the intercellular substance increases
in amount and differentiates into definite bundles
of fibres. In the adult tissues, with few exceptions,
the cells appear as small fusiform or flattened
elements, in which the deeply staining oval nucleus,
surrounded by a small amount of cytoplasm, serves
as the chief means of detection. Being thicker
than the cell-body, the nucleus projects beyond
the general level of the cell and, viewed in profile,
appears as a colored linear elevation embedded
in a plate of faintly tinged cytoplasm. Since
the cells depend for their nutrition on the tissue-
juices which occupy the clefts or Jymph-spaces

between the bundles of fibres, the relation of the connective tissue cells
to these bundles is. constant and characteristic for, wherever definite
bundles are present, the cells are applied to the surface of the fasciculi.
Where the latter are closely packed, the juice-channels form a system of
intercommunicating spaces or canals, well seen in the cornea after staining
with argentic nitrate, when they appear as light, irregularly stellate figures
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(Fig. 30), in which are lodged the connective tissue cells, applied to the

wall formed by the dense fibrous tissue. In principle, the same arrangement

holds good for cartilage and bone, since in these tissues the cells lie within

the lacunz. The larger branched connective tissue cells sometimes, as when
subjected to thermal, chemical
or electrical stimulus, exhibit
changes in form, possessing
the power of retracting their
processes and displaying feeble
amceboid movement.

In a few localities in man—
the choroid, the iris, the sclera,
the dermis and the pia mater
—but widely distributed in the
lower vertebrates, the branched
connective tissue elements often
contain dark particles of mela-
nin. and, therefore, appear as
conspicuous irregular figures
shading from brown to black.

Lomoh Such elements are usually
F1G. 30.—Lymph-spaces within dense connective tissue, g -
from comnea of c!:lf; the surrounding ground-substance has SPOken of as p’gme”t'[e”sv be .

been stained with argentic nitrate. X 500. ing, of course, only connective
tissue cells modified by the

invasion of the colored foreign material. Since this invasion is limited to
the cytoplasm, the unaffected nucleus appears as a small light oval area in
the midst of the dark figure (Fig. 32). In the amphibians a favorite situa-
tion of pigmented cells is the immediate vicinity of blood-vessels, and it is
probable that at times the connective tissue cells, as well as leucocytes, may
take up colored particles derived from the blood. In addition to the melanin
series and the hemoglobin derivatives, a third group of pigments, the /ipo-
chromes, is derived from fat. A very common modification of the connective
tissue element is the appearance of
droplets of oil within its cytoplasm.
When such invasion becomes ex-
tensive, the element becomes a
JSat-cell and a constituent of adi-
pose tissue. Further consideration
of the fat-cells will be deferred
until adipose tissue is described
(page 29).

In addition to the character-
istic connective tissue cells and
their modifications containing pig-
ment and fat, a variable number of
free cells are encountered in the L
less dense forms of fibrous tissue.  pig. 31.—Connective tissue cells, from cornea of calf,
Much uncertainty exists as to the which occupy spaces similar to those shown in preced-

ing figure. X 5:5.

nature and source of some of these
elements, and consequently it is impossible to state definitely their relations.
The most constant of these free cells are the migratory lymphocytes, which
escape from the blood-vessels into the interfascicular clefts. Being unat-
tached to the fibres, they change their position within the tissue and, hence,
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are often designated ‘‘ wandering cells’’ as distinguished from ** fixed cells, '’
as the connective tissue elements proper are then termed. The lymphocytes
exhibit the usual characteristics of their class (see Blood, page 97) and
appear as small irregular cells in which the spherical deeply stained nucleus
is surrounded by a narrow zone of cytoplasm. Occasionally larger elements,
the plasma-cells, are seen, especially in the vicinity of the blood-channels.
They are probably derived from the lymphocytes, but differ from these in
their much larger size, greater amount of readily staining cytoplasm, and
markedly eccentric nucleus. Their cytoplasm stains deeply with basic dyes
and contains but few and indistinct granules. Two other forms of free
cells, the mast-cells and the eosinophiles, are conspicuous by reason of the
coarse granules with which their cytoplasm is laden. The mast-cells are
irregularly round or oval in shape and possess an oval nucleus (Fig. 33).
The coarse granules are deeply

colored by basic dyes but prone L
to change. The eosinophiles are “ oy ’J .
Q ,///{jt i S ’ @
[ ‘,f‘/ .
’
= & .

F1G. 32.—Pigmented connective tissue cells from F1G. 33.—Mast-cells from submucous tissue of
choroid. X 4vo. mouth; v, v, blood-vessels. X 83s.

distinguished by large granules which, while staining with acid dyes, possess
an especial affinity for eosin, after the action of which they appear copper-red.
Under the name, clasmatocytes, have been described irregular branched cells
with long processes and scattered coarse granules. These elements are,
perhaps, modifications of the mast-cells, which they resemble in granulation
and staining reactions.

Connective Tissue Fibres.—The intercellular substance of fibrous con-
nective tissue includes two varieties of fibrillar constituents, the whife
fibres and the elastic fibres. Both of these probably arise by the differenti-
ation of the more peripheral part (exoplasm) of the cell-body of the young
connective tissue cells, which in the earliest stages are united in a common
cytoplastic reticulum or syncytium. To the agency of the cells, then, must
be ascribed the production of the fibrous intercellular substance.

The white fibres are grouped in more or less definite bundles, which,
as seen in the usual teased preparations of areolar tissue, exhibit a wavy
longitudinal striation. This marking is due to the apposition of the individ-
ual fibrillze, which are so thin as to have no appreciable width. In the
denser forms of fibrous tissue, as in tendon, the white fibres are assembled
in robust fasciculi with great regularity and so closely packed and luted
together by cement-substance that all trace of the individual fibrillee is lost,
the bundle appearing homogeneous, unless some means is taken to dissoci-
ate its component fibrils. White fibres yield gelatin on boiling with water,
and consist chemically of an albuminoid substance termed collagen. They
are not digested by pancreatin and on the addition of acetic acid become
swollen and transparent and, finally, invisible.
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The elastic fibres usually occur as networks of highly refracting homo-
geneous fibrils which lic among the bundles of white fibres. The individual
fibres are much thicker than the white ones and, although differing in width,
maintain a constant diameter until augmented by fusion with other elastic

cell

Connective tissu

ibres

Elastic

F1G. 34.—Section of subcutaneous tissue, showing constituents of areolar tissue. X 300.

fibres. So long as the tissue in which they lie maintains its normal tension,
the elastic fibres remain taut and approximately straight, but when disso-
ciated, as in teased preparations, they assume a characteristic form and
become wavy, bowed or coiled. The proportion of elastic fibres in fibrous
connective tissue is, ordinarily,
small, conferring only a moderate
degree of elasticity. In certain
localities, however, as in the liga-
menta flava of man and the nuchal

F1G. 35.—Portions of isolated elastic fibres from F1G. 36.—Transverse section of ligamentum nuchae
ligamentum nuch of ox. X 375. of ox. X 4%0. :

ligament of the lower mammals, almost the entire structure is made up of
robust elastic fibres, held together by a small amount of intervening white
fibres. In transverse sections of such ligaments (Fig. 36), the individual
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elastic fibres appear as minute polygonal areas, separated by the white fibres
and the associated connective tissue cells. Where, on the other hand, elas-
ticity would be disadvantageous, as in tendons and aponeuroses, very few
elastic fibres are present, the dense fibrous structures being composed
practically of white fibres alone. Within the walls of the
large blood-vessels, the broad ribbon-like elastic fibres are
fused into membranous tracts, which contain numerous
openings of various size (Fig. 37) and are, therefore,
known as fenestrated memébranes. Elastic fibres withstand
dilute acids and alkalies, consequently becoming more evi-
dent in tissue treated with acetic acid in which the white
fibres disappear. In their chemical composition they differ
from the white fibres, yielding elastin and not gelatin on
boiling and disappearing upon being subjected to pancre-
atic digestion. Likewise, in their staining reactions elastic
fibres differ from the white; by taking advantage of the Fic. 37 —Fragment
affinity which the former possess for certain dyes, as orcein, frane from Sarer
a much wider and more generous distribution of elastic ¢y surface “view.
. . " 510,

tissue has been established than was formerly appreciated.

Loose fibrous or areolar tissue occurs throughout the body wher-
ever the opposed parts although connected enjoy considerable mobility.
Familiar examples are the sheets or tracts of yielding connective tissue, which
lie between the skin and underlying fascia or beneath 'mucous membranes,
that unite the muscles and assist in keeping the viscera in place. The
variable bundles of white fibres are loosely and irregularly disposed, crossing
in all directions and enclosing cor-
respondingly indefinite lymphatic
clefts. The elastic fibres form a
network of highly refracting threads
which, in sections and teased prepa-
rations, are more or less wavy and
curled. The cellular constituents of
the tissue are relatively inconspicu-
ous, but here and there the connec-
tive tissue cells are seen as spindle-
shaped or irregular plate-like bodies
applied to the surface of the fibrous
bundles. They are bathed by the
tissue-juices that well through the
interfascicular spaces within which
clefts are also lodged the migratory
lymphocytes and other forms of free
cells.

Dense fibrous tissue owes
its characteristics to the more com-
% ) pact and orderly arrangement of the
i BPorton of mentar, shoving Stvolasic - bundles of white fibres.  Although
belong to the connective tissue and surface endothelial the individual fibres are no thicker
cells. X 1z0. than in the areolar tissue, they are
grouped into larger bundles and held more closely together by the inter-
fibrillar cement or ground-substance. The bundles are disposed with greater
regularity, either as closely packed parallel fasciculi, as in ligaments, tendon
and aponeuroses, or as intimately felted bands forming fibrous sheets, as in
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fascize, the cornea and the dura mater. In the dense connective tissue the
ground-substance often contains a system of definite interfascicular lymph-
spaces, which, in suitably stained preparations, appear as irregularly stellate
clefts (Fig. 30) that form, by union of their ramifications, a network of chan-
nels for the conveyance of the tissue-juices throughout the dense structure.
Where definite, as in the cornea or central tendon of the diaphragm, these
spaces are almost, if not completely, filled by the stellate connective tissue cells
which they enclose. A somewhat similar, although modified relation, is to
be noted in the bursz, tendon-sheaths and smaller joint-cavities, in which
the free inner surface is often clothed by an incomplete covering of branched
or plate-like connective tissue cells. ’
Tendon, the densest form of fibrous tissue, consists essentially of par-
allel bundles of white fibres. The individual fibres, held together by cement
substance, are assembled as comparatively large primary bundles which, in

Blood-vessel within septa
enclousing tertiary bundles

Secondary .~
bundie

F1G. 39.—Longitudinal section Spaces occupied by tendon-cells
of tendon from young subject;
the tendon-cells are seen in F1G. 40.—Transverse section of a tendon, showing the ;g'ougllng
undles.

rofile between the bhundles of of the tendon-tissue into primary, secondary and tertiary
brous tissue. X 300. X 8o.

turn, are united by the interfascicular ground-substance and grouped into
secondary bundles. The latter, invested by a delicate sheath of areolar
tissue and partially covered by plate-like connective tissue cells, are held
together by partitions or septa of areolar tissue which are extensions of the
general connective tissue envelope that surrounds the entire tendon. The
larger septa surrounding the fertiary bundles support the meagre blood-
vessels and nerves and afford a path by which these gain the interior of
the tendon. The blood-vessels, however, never penetrate the individual
bundles, but are confined to the areolar tissue which invests them. The
relations of the nerves to the tendon-tissue are described with the Nerve-
Endings (page 85). The primary bundles consist exclusively of white
fibres and the cement-substance, which contain collagen and tendo-mucoid
respectively. A few delicate elastic fibres are sometimes distinguishable in
the vicinity of the tendon-cells. The latter are the equivalents of the usual
connective tissue cells, but so modified by the disposition of the bundles to
which they conform that they assume distinctive shapes. The fendon-cells
occur in rows within the clefts between the primary bundles, upon the surface
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of which the thin plate-like bodies are applied. Since each cell is in
close contact with two or three bundles, the cytoplasm is moulded by
the bundles into wing-like expansions. Seen from the surface, the tendon-
cells appear as small rectangular elements,

whose round nuclei are disposed in pairs,

' the nucleus of one cell lying close to that

of its neighbor. Viewed in longitudinal
profile, the tendon-cells appear as nar-

TN

Fi1G/ 41.—Tendon-bundles from tail of FiG. 42.—Triansverse section of tendon-bundles (hz»..
mouse, showing different views of the ten- the interfascicular spaces (s) contain the tendon-cells
don-cells. X 3oo. (a) applied to the surface of the bundles. X 300.

row rods, while when seen in transverse section, they present as stellate
figures, the extended limbs of which are the sections of the wing-plates.

ADIPOSE TISSUE.

The fatty material contained within the body is enclosed, to a large
extent, within connective tissue cells in various localities. These modified
elements are known as_faf-cells, which, together with the areolar tissue con-
necting the cells and supporting the fair supply of blood-vessels, constitute
adipose tissue. :

The distribution of adipose tissue includes almost all parts of the body.
Among the localities in which the accumulations of fat are conspicuous, are
the subcutaneous areolar tissue, the orbits, the marrow of bones, the mesen-
tery and the omentum, the subperitoneal tissue and the subpericardial tissue
of the heart, the areolar tissue surrounding the kidneys, and the vicinity of
the joints. On the other hand, in a few situations, including the subcuta-
neous areolar tissue of the eyelids, the penis, the clitoris and labia minora,
the lungs, except near their roots, and the interior of the cranium, adipose
tissue is absent, even when developed to excess in other parts. As ordina-
rily seen, adipose tissue is of a light straw color and often exhibits a gran-
ular texture due to the groups of fat-cells within the supporting areolar
tissue.

Examined microscopically in preparations from localities where they
are not crowded and retain their individual form, the fat-cells appear as
large clear spherical sacs held together by delicate areolar tissue. Unless
treated with some stain possessing an especial affinity for.fat, as osmic acid
or Sudan III, the oily content of the cells appears transparent and uncol-
ored and seemingly occupies the entire cell-body. Critical examination,
however, demonstrates the presence of an extremely thin peripheral layer of
cytoplasm, which completely surrounds the huge oil-drops and at one place
presents a local accumulation enclosing the displaced and compressed
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nucleus. In thin sections of adipose tissue, by no means every fat-cell
e)ghlblts a pucleus, since, owing to the small size of the latter in comparison
with the diameter of the cell, many sections include zones lying beyond the

FI1G. 43.—Portion of omentum, showing groups of fat-cells between the bundles of connective tissue. X 150,

nucleus. During life the fat within the body is fluid. Quite often radiating
clusters of slender fat-crystals are observed within the adipose cells. These
are margarin crystals that formed when the fat solidified after death.

Fat-cells occur usually in groups supported and held together by highly
vascular connective tissue. In localities possessing considerable masses of
fat, as beneath the scalp and the skin, the cells are grouped into lobules
which appear as yellow granules to the unaided eye; in such positions the
individual fat-cells lose their
spherical shape and assume a
polyhedral form as the result
of the mutual pressure of the
closely packed vesicles.

In connective tissue ele-

Peripheral |

zone of -
ytoplasm ments about to become fat-cells,
closing . . .
oil-drop minute isolated oil-drops first
‘. appear within the cytoplasm
S\ in the vicinity of the nucleus.
Young fat- " WP\ These droplets increase in size

cell p\ - /.___Nuclens and number, coalesce and grad-
Connective S— ,:' Ky vl of older ually encroach upon the cyto-
T _ plasm until the latter is reduced

FIG. 44.—Young fat-cells from subcutaneous tissue. X soo. O thin, almost iﬂaPPI'eCiable
envelope, which completely in-

vests the now huge distending oil-drops. The nucleus, likewise, is displaced
towards the periphery, where it appears in profile as an inconspicuous cres-
cent embedded within the cytoplasm (Fig. 44). When the invasion of the
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cell is extensive, the nucleus may contain minute oil-globules. Although
many connective tissue elements become transformed into fat-cells at later
periods, the earliest adipose tissue in some localities, as beneath the skin
and in the orbit and omentum, is developed from highly vascularized lobular
groups of mesenchymal cells (the faf organs of Toldt) which seem to be set
apart for the production of such tissue. During prolonged fasting and
extreme emaciation the fat-cells may lose the greater part, or even their
entire quota, of oily contents, which is then often replaced by a thin viscid
cytoplasm that distinguishes the so-called serous fat-celis. In other cases,
after the disappearance of the oil-drops the fat-cells return to a condition
closely resembling that of the ordinary connective tissue cell.

CARTILAGE.

Cartilage includes a group of supporting tissues in which the intercellu-
lar substance undergoes increasing condensation until, as the hyaline variety,
the intercellular matrix appears homogeneous, the constituent fibres being
so compact and closely blended that the fibrous structure is ordinarily no
longer appreciable.

Depending upon the
differences exhibited by
the intercellular matrix,
three varieties of cartilage
are recognized, Ayaline,

Jibrous and elastic.

Hyaline cartilage,
or gristle (Fig. 45), is
widely distributed, form-
ing the articular surfaces
of the bones, the costal
cartilages, the larger carti-
lages of the larynx and
the cartilaginous plates of
the trachea and bronchi,
the larger cartilages of the
nose and the middle part
of the Eustachian tube.

In the embryo the entire
skeleton, with the excep-
tion of part of the skull, is
mapped out by primary
hyaline cartilage.
The intercellular ma- F1G. 45.—Transverse section of peripheral portion of costal

. e cartilage. X aso.
trix is apparently homo-
geneous, but after appropriate treatment it is resolvable into bundles of
white fibres; ordinarily, however, these are so closely united and blended by
the cementing ground-substance that the presence of the component fibres
is not evident. The cartilage-matrix is chemically complex, consisting of a
mixture of collagen, chondro-mucoid and albuminoid substances.

The cartilage-cells, as the connective tissue elements within the matrix
are called, are irregularly oval or spherical nucleated bodies. They are
lodged within the interfascicular spaces, or /acune, which they almost or
quite fill.  In adult tissue usually two or more cells share the same compart-
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ment, the group being the descendants of the original occupant of the space.
The matrix immediately surrounding the lacuna is specialized as a layer of
different density, which is described as a capsule ; a further differentiation of
the intercellular substance is often exhibited by the more recently formed
matrix, which often stains with intensity and thereby produces the local ter-
ritories known as the ce/l-areas. The lacuna of hyaline cartilage are homol-
ogous with the lymph-spaces of other dense connective tissues, although
channels establishing communication between the adjacent lacunz are not
demonstrable in the higher vertebrates.

The free surface of cartilage is covered by an envelope of dense connec-
tive tissue, the perichondrium. The latter consists of a compact external
Sibrous layer and a looser inner or chondrogenctic layer, containing many
connective tissue cells. These elements are disposed in rows parallel to the
surface,of the cartilage, and during the peripheral growth of the tissue,
gradually assume the characteristics of cartilage cells, being at first spindle-
shaped and later ovoid and spherical. The young cartilage cells thus
formed become gradually separated by increasing tracts of the newly depos-
ited intercellular matrix. As the groups of cells arising from the division of
the transformed elements recede from the perichondrial surface, they lose
their parallel disposition and become irregularly arranged and further sep-
arated. In addition to the perichondrial growth at the surface, cartilage
also increases by 7nferstitial growth eflecied by the formation of new cells
and the associated matrix in the interior of the cartilage. The interstitial
method is identified with the expansion of the primary cartilages, while the
perichondrial one is conspicuous in bringing about the additions of new
cartilage during the development and growth of the long bones.

In articular cartilage the superficial zone contains sparsely distributed
groups of small cells arranged parallel to the free surface. Within the deeper
strata, these groups are replaced by elongated rows of larger elements lying
perpendicular to the articular surface.  This columnar disposition of the carti-
lage-cells is particularly evident towards the underlying epiphyseal bone.

In parts of the cartilage remote from the perichondrium, the matrix
sometimes exhibits a glistening fibrous structure; more often patches of
opacity and granularity, due to deposits of lime-salts, affect the hyaline
matrix. Such areas of calcification are common in the tissues, as the costal
cartilages, of aged subjects, although similar changes are almost always pres-
ent in the laryngeal cartilages, particularly the thyroid and the cricoid, as
early as the twentieth year. They may progress until complete calcification
of the cartilage occurs. Histologically this alteration consists of a deposit
of the inorganic material within the matrix and is not osseous tissue, as
implied by the frequently misapplied term, *‘ ossification.”’

The blood-vessels of cartilage are usually limited to the periphery,
within the perichondrium or the associated synovial membranes. ~Nutrition
of the cartilage is maintained by imbibition of the tissue-juices through the
matrix into the lacune. In the thicker masses, as in the cartilages of the
ribs, nutrient canals exist in those portions most remote from the perichon-
drium.  Such spaces contain a small amount of areolar tissue supporting the
blood-vessels; the latter, however, are limited to the canals and the nutri-
tion of the cartilage-tissue is effected here, as elsewhere, by absorption
through the matrix. The /Avmphatics are sparingly present in the perichon-
drium. Verves never have been demonstrated within the cartilages, which
fact is in accord with the insensibility of these tissues and their adaptation to
the friction, concussion and compressions incident to their functions.
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Elastic cartilage, called also yellow elastic and reticular cartilage
(Fig. 46), has a limited distribution, occurring principally in the cartilages
of the external ear, lower
part of the Eustachian tube,
and in parts of the larynx,
namely, the epiglottis, the
cuneiform and corniculate
cartilages and the vocal
processes of the arytenoid
cartilages. In its physical Cartils
properties this variety differs
from hyaline cartilage, as it
is dull yellowish in color and
pliable and tough in con- Area of
sistence, in contrast to the
bluish opalescent tint and
comparative brittleness of
hyaline cartilage.

The characteristic his-
tological feature of elastic
cartilage is the presence of
elastic fibres within the inter- Lacuna cor
cellular matrix. The lacune cartil
containing the cartilage-
cells are immediately sur-
rounded by limited areas of
hyaline matrix, the so-called ‘‘capsules’”’ of some authors. The matrix

between these homogene-
ous areas, however, is pene-
trated by delicate and often
intricate networks of elastic
fibres. The latter respond,
as in other localities, to spe-
cificstains. The method by
which the elastic fibres de-
velop is uncertain, although
their production must be
attributed to the influence of
the cells. Since the fibres
appear relatively late and
within the matrix often at
some distance from the car-
tilage-cells, it is probable
that they do not arise within
the exoplasm of the cells.
The elastic cartilages are
surrounded by a perichon-
drium of the usual descrip-
tion.
F1G. 47.—Section of fibrous cartilage from intervertebral disk. Fibrous cartilage, or
X as. Sibrocartilage (Fig. 47), is
found in comparatively few localities, although it occurs in masses of
considerable bulk. Its chief situations are the intervertebral disks, the

3
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F1G. 46.—Section of elastic cartilage from the epiglottis. x 360.
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symphyses, the marginal plates and interarticular disks of certain joints, the
sesamoid cartilages and the lining of bony grooves for tendons. In its
physical properties, this tissue combines the flexibility and toughness of
fibrous tissue with the firmness and elasticity of cartilage. In structure,
fibrous cartilage resembles dense fibrous connective tissue, since the principal
constituents of its matrix are the wavy bundles of closely packed white fibres,
Between these bundles lie small irregularly distributed oval areas of hyaline
matrix (the so-called *‘ capsules’’ ), which immediately surround the cartilage-
cells, singly or in groups. The number of cellsand the proportion of fibrous
matrix differ in various localities. A distinct perichondrium is wanting.

BONE.

Bone or osseous tissue is a dense form of connective tissue, the matnx
of which is impregnated with lime-salts; to this modification, shared by the
dentine of the teeth, is due the characteristic hardness of the tissue. In

Outer table

Diplo&
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F1G. 48.—Section of frontal bone. showing the spongy bone enclosed within the lamellated compact bone ;
the latter, however, does not contain Haversian systems. X 18.

addition to forming the bones of the principal, and in man the only, frame-
work, or endoskeleton, osseous tissue occurs in the lower vertebrates asso-
ciated with the integument as an exoskeleton, represented by the dermal
plates of the crocodile or the shell of the turtle. Within various organs, as
the sclerotic coat of the eye of birds, the diaphragm of the camel, the tongue
of certain birds or the snout of the hog, it constitutes the splanchnoskeleton.
True osseous tissue does not occur outside the vertebrates, the skeletal
frameworks of invertebrate animals consisting of calcareous incrustations or
of silicious structures.
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Bone consists of two parts, an animal and an earthy portion, the former
giving toughness and the latter hardness to the osseous tissue. The animal or
organic part of bone may be removed by calcination, the inorganic constitu-
ents remaining undisturbed. ~After such treatment, while retaining its form,
the bone is fragile and easily crushed and has suffered a loss of one-third of
its weight, due to the destruction and elimination of the animal matters. The
inorganic material, on the other hand, may be removed by the action of
dilute hydrochloric acid, which dissolves out the earthy matters and leaves
the animal part intact. Treated in this manner, the bone, although re-
taining perfectly its details of form, is tough and flexible, a decalcified rib or
fibula being readily tied into a knot. The animal constituents yield gelatin
after boiling with water, consisting chiefly of collagen and osseo-mucoid.
The inorganic constituents, which form approximately two-thirds of the bone,
include a large percentage (83)of calcium phosphate, much less calcium car-
bonate, with small proportions of calcium fluoride and chloride, and of the
salts of magnesium and sodium. :

On sawing through a bone from which the marrow and other soft parts
have been removed, the osseous tissue is seen to be arranged as a peripheral
zone of compact bone enclosing a variable amount of cancellated bone. In
the typical long bones, as the humerus or femur, the compact tissue almost
exclusively forms the tubular shaft enclosing the large marrow-cavity, while
the cancellated tissue constitutes the expanded extremities, with the excep-
tion of a narrow superficial stratum of compact bone. The irregular clefts
between the lamelle of the spongy bone are'direct extensions of the general
medullary cavity and are filled with marrow-tissue. In the flat bones of the
skull (Fig. 48), the compact substance is arranged as an outer and an inner .
plate, or fables, of considerable thickness, between which lies the spongy
bone, or diploé. The short and irregular bones are made up of an inner
mass of spongy bone covered everywhere by a shell of compact substance,
which often is locally thickened to insure additional strength where needed.

The cancellated bone consists of delicate bars and lamellz united into
an intricate osseous reticulum well calculated to yield strength without
undue weight. In many positions, conspicuously in the neck of the femur,
the more robust lamellze are disposed according to a definite plan in order
to meet the strains of pressure and of tension. Although composed of the
same structural elements, compact and spongy bone differ in their histo-
logical details in consequence of the secondary modifications which take
place during the conversion of the spongy bone, the original form, into the
compact. To obtain the classic picture of bone-tissue, in order to study its
general arrangement where most typical, it is desirable to examine thin
ground sections of the compact substance cut at right angles to the axis of
a long bone which has been macerated and dried.

The compact bone in such preparations, when examined under low
magnification (Fig. 49), is seen to consist of osseous layers arranged as
three chief groups: (a) circumferential lamelle, which extend parallel to the
external and internal surfaces of the compact bone; (6) Haversian lamelle,
which are disposed concentrically and form conspicuous annular groups, the
Haversian systems, enclosing the Haversian canals; and (c¢) inferstitial or
ground lamelle, which include the irregularly arranged tracts filling the
intervals between the Haversian systems and the surface lamellz.

Each Haversian system consists of the concentrically disposed lamelle
and the centrally situated channel, the Haversian cana/, which encloses pro-
longations of the marrow-tissue and ramifications of the medullary blood-
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vessels. Between the annular lamellze are seen small spindle-shaped or oval
spaces, the lacune (about 20 ¢ long, 10 # wide and 6 x thick), from which
minute passages, the canaliculi, radiate and join with others to establish
communication between the adjacent lacunz of the same Haversian system.
The lacunz and canaliculi thus form an intercommunicating network of
lymph-spaces similar to those in other dense connective tissue. When
viewed in profile, as they are in sections cutting the lamella at right angles,
the lacuna present their smaller dimensions and appear as minute fusiform

ellee

F1G. 49.—Transverse section of compact bone; the section has been ground and dried, hence the lacuna
are filled with air. X 70.

spaces; seen in sections which pass parallel to the lamellee (Fig. 50), the
lacunz are broader and more circular, the spaces with the canaliculi forming
the spider-like figures so conspicuous in sections of dried bone.

The characteristic disposition of the lamelle of the Haversian system is
due to the secondary formation of the bone-tissue during the conversion of
the spongy bone into the compact, the circumference of each system cor-
responding to an Haversian space, the cavity in which the connective
lamelle were deposited. It follows, from this relation, that the Haversian
systems exist only in compact bone, the secondary deposit not occurring
during the development of cancellated bone. When deprived of the min-
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The fibrous layer is composed of bundles of fibrous tissue and sup-
ports the larger blood-vessels which, within the deeper parts of the perios-
teum, break up into twigs that enter the surface of the bone through the
Volkmann canals. The fibro-elastic layer inciudes a feltwork of elastic
fibres and delicate strands of fibrous tissue. The inner surface of the perios-
teum is attached to the underlying boue by processes of connective tissue
which accompany the blood-vessels into the superficial canals. This relation
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F1G. 54.—Section of young periosteum and subjacent bone. X 27s.

persists from the continuity of the formative tissue of the young periosteum
with the early marrow-tissue.

The osteogenetic layer, during development and growth of the bone,
consists of delicate bundles of fibrous tissue and large numbers of round or
fusiform connective tissue cells of an embryonal type. Those next the
growing bone are of irregular cuboid form and disposed in a single row upon
the surface of the developing osseous tissue. Since these cells are directly
concerned in producing the new bone, they are termed osteoblasts. Later
some of them become imprisoned within the bone-matrix and transformed
into bone-cells. After completion of its active role, the osteogenetic layer
becomes greatly reduced and inconspicuous, in the adult periosteum being
represented by flattened cells, which no longer form a continuous stratum but
occur as scattered groups.

In addition to its important bone-producing function, the periosteum
serves as the immediate means by which muscles, tendons, ligaments and
fascize gain attachment to the skeleton. In every case the union is effected
by the fusion and blending of the connective tissue of the attached structure
with the outer layer of the periosteum.

Bone-Marrow.—The spaces in the interior of bones, whether the large
medullary cavities surrounded by the compact substance forming the tubular
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shait of the long bones or the irregular interstices between the trabecule of
the cancellated tissue, are filled with bone-marrow. The latter also extends
into the larger Haversian canals. Apart from its fundamental relations to the
development of bone, in addition to supporting the medullary blood-vessels,
and therefore assisting in maintaining the nutrition of the bone, the marrow
plays a very important réle in connection with the production of blood-cells.
Indeed, with its chief functions in mind, bone-marrow is classed as a 6/ood-
Sforming organ, and, as such, finds its systematic consideration with the
blood.” As a matter of convenience, however, a general description of the
marrow-tissue is here given, while the relations of its cellular elements to
the circulation are discussed in connection with the Blood (page 100).

Although of a reddish tint within all the bones of the early skeleton, the
marrow in the adult includes two kinds— the 7ed and the yellow. Thus,
within the shaft of the long bones it appears as a light yellowish tissue, pre-
senting the characteristics of ordinary adipose tissue; while within the upper
ends of the humerus and of the femur, and especially within the bodies of
the vertebrze, the ribs,the sternum and the diplo€ of the cranium, the marrow
possesses a dull red color.

Red Marrow.—The ingrowth of the periosteal tissue and blood-vessels
constitutes the primary marrow of the feetal skeleton; from this tissue the
red marrow filling the young bones is directly derived. The red marrow is,
therefore, the first formed and typical variety. After early childhood, how-
ever, the marrow within the bones of the extremities suffers gradual invasion
by fat, until, with the exception of the marrow within the upper ends of the
humerus and of the femur, the red tissue gives way to the yellow, the fat-
cells replacing most of the marrow-elements.

When examined in section after fixation and appropriate staining, the
red marrow exhibits a delicate connective tissue reticulum which supports
the blood-vessels and contains within its meshes numerous cells (Fig. 55).
Next the bone, the fibrous tissue forms a thin membrane, the endosteum,
lining the medullary cavity and extending into the larger Haversian canals.
The more characteristic cells encountered within the red marrow include:—
(1)the myelocytes, very numerous and of different ages; (2) the eosinophiles ;
(3) the megakaryocytes or giant cells and (4) the erythroblasts and other
stages of red blood-cells.  In addition lymphocytes, connective tissue cells,
fat-cells, mast-cells and osteoclasts are usually present in small and varying
numbers. ,

The myelocytes include three varieties of cells which, while differing
in the granularity of their cytoplasm and the form of their nuclei, are
probably directly genetically related. (a) The myeloblasts are relatively large
ovoid cells, with round nuclei and cytoplasm devoid of granules. They are
few in number and regarded as the parent elements (premyelocytes). (4)
The myelocytes, the most numerous of the marrow-cells, are of uncertain
form and possess large round nuclei and cytoplasm containing fine neutro-
philic granules. (¢) The polymorphonuclear leucocytes, the descendants of
the preceding elements, are somewhat smaller and more granular than the
myelocytes and distinguished by the lobulated nuclei so conspicuous in the
most common form of colorless blood-cells. If the genetic relations here
outlined be accepted, the typical leucocytes represent later generations of
the marrow-cells, which thus become important contributors to the blood.
The eosinophiles, sparingly represented, are conspicuous by reason of the
coarse granules within their cytoplasm which color intensely with acid stains
(eosin). The relation of the eosinophiles to the myelocytes shares the
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uncertainty of their position as blood-elements. The megakaryocytes,
the mononuclear giant cells of the marrow, are huge and conspicuous occu-
pants of the reticular meshes. They must not be confused, however, with
giant cells of another kind, the osteoclasts, which in young marrow are
more ‘numerous and equally striking. The distinguishing feature between
the two is the nucleus, which in the case of the osteoclast is multiple and in
that of the megakaryocyte single. In the last instance, however, the nucleus
may assume a very complex contour, sometimes being so lobulated and con-
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F16. s5.—Section of red bone-marrow from end of young femur. X 300.

torted that what is really one continuous nucleus appears as several. The
osteoclasts are multinuclear, two or more ovoid nuclei occupying the huge
mass of granular cytoplasm. These cells, moreover, lie close to the trabecule
of young bone, a position in keeping with their particular function as bone-
destroyers. The origin and role of the megakaryocytes are uncertain, a
derivation from the myelocytes and a function as phagocytes or as. producers
of the blood-plates (Wright) being among the suggested explanations con-
cerning these constituents of the marrow.

The nucleated red blood-cells are constant elements of the red
marrow and indicate its importance as the chief seat in which the production
of the red cells after birth takes place. These blood-cells are represented
by three generations: (a) the erythroblasts, the descendants of the primary
blood-cells, which are transformed into (&) the normoblasts. The latter are
smaller than the erythroblasts and possess nuclei in which the reticular
structure has given place to one of density. By mitotic division the normo-
blasts give rise to (¢) the nucleated erythrocytes, which, after losing their
nuclei, become the completely developed erythrocytes and pass into the
circulation as the ordinary red blood-cells.
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Yellow Marrow.—After early childhood, the red marrow, which pre-
viously fills all the medullary spaces, begins to suffer invasion by fat-cells
and conversion into adipose tissue. This change, which results from the
substitution of fat-cells for the distinctive marrow components, affects the
medullary tissue within the bones of the extremities, except within the upper
ends of the humerus and femur. Examined in section, the yellow marrow
resembles ordinary adipose tissue, consisting chiefly of the large compressed
spherical fat-cells supported by a reticulum of connective tissue. The cells
belonging to the latter, occasional plasma cells and myelocytes are the
usual elements encountered. In advanced age and during starvation, the
customary consistence and yellow color give place to a mucoid condition
and reddish tint, the fat-cells of such gelatinous marrow, as it is termed,
losing much of their oily contents.

Blood-Vessels of Bones.—The generous blood-supply of bones is
arranged as two sets, the periosteal and the medullary. The former consti-
tutes a network within the periosteum and supplies twigs, which enter the
subjacent compact bone through the Volkmann canals and communicate
with the branches from the medullary system. The medullary artery is
often, as in the case of the long bones, a vessel of considerable size, which,
accompanied by the companion veins, traverses the oblique nutrient canal
to gain the centre of the marrow. On reaching this position the medullary
artery usually divides into ascending and descending branches, from which
twigs radiate towards the periphery of the marrow cavity. The twigs termi-
nate in arterial capillaries, which expand rather abruptly into larger venous
capillaries, in consequence of this arrangement the rapidity of the blood-
stream becoming diminished in its course through the marrow. Within the
red marrow, the venous capillaries possess an imperfect endothelial lining,
thereby affording an opportunity for the newly formed blood-cells, the eryth-
rocytes and the leucocytes, to gain entrance into the circulation. After thus
coming into close relations with the marrow-tissue, the blood is collected by
the capillaries which form veins destitute of valves. In addition to the com-
panion veins which accompany the medullary artery through the nutrient
canal, in many instances the larger veins pursue an independent course and
emerge from the cancellous tissue by means of special canals piercing the
compact substance.

Definite lymphatics are found only within the outer layer of the perios-
teum, although the system of intercommunicating spaces within the bone, the
lacunz, and canaliculi, stands in close relation with the larger lymph-channels,

The nerves supplying the bones include both medullated and nonmed-
ullated fibres. The latter, distributed partly to the periosteum and partly
within the bone, are chiefly sympathetic fibres destined for the control of the
involuntary muscle within the walls of the blood-vessels. The medullated
sensory fibres are few, some being connected with special endings of the
lamellar type within the periosteum.

DEVELOPMENT OF BONE.

With the exception of certain parts of the skull—the vault and nearly
all of the face—the bones of the human skeleton are preceded by solid
masses of embryonal hyaline cartilage. Since the primary development of
such bones takes place within the cartilage, they are known as cartilage
bones and the inode of formation is termed endockondral development. The
bones not preceded by cartilage are produced within sheets of connective



DEVELOPMENT OF BONE. 43

tissue; such are said, therefore, to be membrane bones and their formation is
by intramemébranous development.

Endochondral Bone-Development.—The process by which bones
preceded by cartilage are formed, known as the endochondral mode,
includes two distinct, although closely related, series of changes. The one
results in the production of osseous tissue within the mass of cartilage, the
intracartilaginous bone, the other in the production of bone outside the
cartilage and beneath the periosteum, the subperiostcal bone. Both take
part in the formation of the completed bone, although their contributions
to the final result are not only ' )
unequal, but vary with differ-
ent types of bones.
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bone formed within the carti-
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the spongy substance within

the ends of the long and the
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convenience they will be:

described separately and as
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ofa typlca‘l lo,n g t?one. F1G. s6.—Section of tarsal bone of fcetal sheep, showing centre
Intracartilaginous Bone. of essification. X 0.

—The primary cartilage,

formed by the proliferation and condensation of the mesenchymal tissue,

gradually assumes the characteristics of embryonal cartilage, which by the

end of the second month of feetal life maps out the principal segments of

the skeleton. These segments are covered by an immature form of peri:

chondrium, or primary periosteum, from which arise the elements actively

engaged in the production of the bone-tissue. The primary periosteum

consists of a compact outer fibrous and a loose inner osteogenetic layer, the

latter being rich in cells and delicate intercellular fibres.

The initial changes within the cartilage appear at points known as.
centres of ossification, which in the long bones are situated about the middle
of the future shaft. These early changes involve both cells and matrix,
whicn exhibit conspicuous increase in size and amount respectively. The
cartilage-cells become larger and more vesicular (Fig. 56) and encroach upon
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the intervening matrix, in which a deposit of lime salts now takes place, as
shown by opacity and by the grittiness when a knife is carried through such
ossific centres. On acquiring their maximum size, the cartilage-cells soon
give indications of impaired vitality in their shrinking cytoplasm and degen-
erating nuclei. The enlarged spaces or lacunz enclosing these cells are
known as the primary areole.

Coincidently with, or indeed preceding, these changes within the car-
tilage, a thin peripheral layer of bone has been formed beneath the young
periosteum, thickest around the middle of the shaft and fading away towards
the ends. Bud-like processes of the osteogenetic layer grow inward from
the periosteum and invade the embryonal cartilage, by absorption of
the cartilage-matrix gaining the centre of ossification and there effecting
destruction of the less resistant cells and the intervening matrix. In conse-
quence of this invasion by the periosteal tissue, a space, the primary
marrow-cavily, now occupies the centre of ossification and contains the
direct continuation of the osteogenetic layer. This tissue, the primary
marrow, which has thus gained the interior of the cartilage, contributes the
cells upon which a double réle devolves—to remove the embryonal cartilage
and to produce bone.

The cartilage-matrix closing the enlarged cell-spaces on the side
towards the primary marrow-cavity progressively suffers absorption, whereby
the spaces are opened, converted into secondary arcole, and brought into
direct communication” with the expanding medullary cavity. The car-
tilage-cells escape from' their former homes into the marrow-cavity and
undergo disintegration, taking no part in the direct production of the
bone-tissue.

Beyond the immediate limits of the primary marrow-cavity, the car-
tilage cells in their turn undergo the increase in size and the impairment of
vitality described; in addition they oftén exhibit a conspicuous rearrange-
ment, forming columnar groups separated by intervening tracts of calcified
matrix (Fig. 57). This characteristic belt, the zone of calcification, sur-
rounds the medullary cavity and marks the area in which the destruction of
cartilage is progressing with greatest energy. In consequence of the dispo-
sition 'of the cartilage elements as columnar groups separated by intervening
tracts of calcified matrix, a less and a more resistant portion of the cartilage
are offered to the attacks of the marrow-tissue by the cell- and the matrix-
columns respectively. As the result of this difference, the cells and the
immediately surrounding partitions first succumb, while the intercolumnar
tracts of calcified matrix remain for a time as irregular indented tapering
processes, deeply tinted in sections stained with hematoxylin, which extend
beyond the last row of cartilage-cells into the medullary cavity. These
trabecule of calcified cartilage-matrix serve as supports for the marrow-cells
engaged in producing the true bone, these elements, the osteoblasts, becom-
ing arranged along the trabeculz upon which, through the influence of the
cells, the immature bone-tissue is deposited.

Simultaneously with the destructive phase attending the absorption of
the embryonal cartilage by the ckondrociasts, the constructive process of
bone-formation is instituted by the osteoblasts. The osteoblasts rest on the
irregular trabecule of calcified cartilage and bring about the deposit of a
layer of bone-matrix upon the surface of the trabeculee, which thus becomes
encased within a shell of immature bone. After the latter has attained a
thickness at least equal to that of the osteoblasts, some of the latter are grad-
ually surrounded by the osseous matrix, until, finally, they lie isolated within
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the newly formed bone as its cells (Fig. 58). The bone-cells are, therefore,

imprisoned osteoblasts, which, in turn, are specialized connective tissue ele-

ments. The bone-cells occupy minute lenticular or stellate spaces, the

primary lacune, at this stage the canaliculi

being still unformed. The bone-matrix is

at first devoid of calcareous material and

is, therefore, soft; very soon, however, the

deposit of lime-salts begins and the young

bone becomes hard. The increase of the

new bone is attended by the gradual disap-

pearance of the enclosed calcified cartilage-

matrix, the last traces of which, however,

persist for some time as xrregular deeply

stained patches within the osseous trabec-

ulee, at some distance from the zone of

calcification (Fig. 57). Many of the newly

formed bony trabeculae soon undergo ab-

sorption, with corresponding enlargement

Fic, 8 Portion g;e‘ff.;;;‘:g""&";:‘°“’ of the intervening marrow-spaces. The

remaining trabecule increase in thickness

by the addition of new lamellee on the surface covered by the osteoblasts

and join to form a trabecular network, the primary central spongy bone.

In the irregular bones, the primary spongy bone is represented by the

cancellated tissue forming the internal framework. In the long bones, the

primary spongy bone undergoes further absorption within the middle of the

shaft, simultaneously with its continued development within the cartilage at

the ends of the shaft, or diaphyses. As the result of this absorption, a large

space, the central marrow-cavity, is formed, the growth of which keeps

ace with the general expansion of the bone. So long as a long bone

Increases in length, new cartilage is added at the ends of the shaft, to be

replaced in its turn by the ad-
vancing osseous tissue.

The absorption of the
newly formed bone is effected
through thé agency of large
polynucleated cells, the osteo-
clasts. These are specialized

marrow-elements whose partic- Osteoclast
ular réle is the breaking down

and absorption of the bone-

matrix. They are very large Bone-cell
(50-100 1) and lie, singly or in lacuna

~

groups, close to the surface of
the bone within depressions,
. the so-called Howship's lacune,
produced by the erosion of the
osieous matrix (Fig. 59). The
only part of the central spong

bone which persists afte[r th)e' Fic- 59_Pogll):gr;'ugnfbff‘g:xgx?ﬁ"g’xbf;e undergoing
completed development and

growth of the long bones, is that constituting the cancellated tissue within
their ends. It will be seen, therefore, that in many cases the product of
bone-formation within the cartilage, the primary central spongy bone, is to a
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large extent absorbed and contributes only a small part of the mature
skeleton. The early marrow-cavity, including all its ramifications between
the trabecule, is filled with the young marrow-tissue; the latter gives rise
to the red marrow that for a time fills all the bones and later occupies the
spongy tissue chiefly within the axial skeleton. It may be emphasized, that
the process sometimes spoken of as the ‘‘ossification of cartilage’’ is really
a substitution of osseous tissue for cartilage and that, even in the endo-
chondral mode of formation, cartilage is never directly converted into bone.
Ossification within the epiphyses, which usually does not begin until
some months after birth, repeats in its essential features the details of
intracartilaginous bone-formation as seen in the development of the shaft.
After the establishment of the primary
marrow-cavity and the surrounding
spongy bone, ossification extends in
two directions—towards the periphery
and towards the adjacent end of the
shaft. As this process progresses, the
layer of cartilage between the central
spongy bone and the free surface, on
the one hand, and between the central
spongy bone of the epiphysis and that
of the shaft, on the other, is gradually
reduced until in places it’entirely dis-
appears. Over the areas which cor-
respond to the later joint-surfaces,
the cartilage persists and becomes the
articular cartilage covering the ends
of the bone. With the final absorption
of the plates separating the epiphyses
from the shaft, the-osseous tissue
composing the segments becomes con-
tinuous, ‘‘bony 'union’’ being then
accomplished.
Subperiosteal Bone.—It is evident
from the foregoing account of the
development of bone within cartilage
that the true bone-producing elements
are contributed by the periosteum o )
when the latter sends its processes into  Fic. éo—Lonitudinal section of, phalanx. of
the ossific centre within the cartilage.
The distinction, therefore, between intracartilaginous and subperiosteal bone
is one of situation rather than of inherent diffefence, as in the production
of both the osteoblasts are the active agents and the essential features are
identical. Since in the development of subperiosteal or perichondral bone
the changes within cartilage do not come into account, the details are less
complicated and concern primarily only a formative process.
The young periosteum, it will be recalled, consists of an outer compact
. fibrous layer and an inner loose osteogenetic layer. The latter is rich in
blood-vessels and contains numerous embryonal connective tissue cells and
delicate strands of fibres. Some of these cells become the osteoblasts and
as such are arranged along the fibrille, about which the bone-matrix is
deposited through the influence of the cells. The osseous trabecul, formed
in this manner beneath the periosteum, increase in length by the addition of

’
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new matrix at the periosteum, and in thickness by the deposition of new
layers of bone-matrix on the surface of the trabeculze by the osteoblasts,
some of these cells being surrounded by the matrix and thus converted into
bone-cells. The spaces between the trabeculz are occupied by the primary
marrow, the direct prolongation from the periosteal tissue. During their
further growth, the trabeculz unite to form a subperiosteal bony network,
the peripheral spongy bone, which surrounds the central spongy bone, or,
where that has already disappeared, the central marrow cavity. Towards

Subperiosteal bone

Central spongy bone

FIG. 61.—Portion of developing humerus of fcetal sheep, showing subperiosteal and central spongy
ne, X 135

the ends of the shaft, where the cartilage still intervenes between the central
spongy bone and the surface, the subperiosteal bone forms a thin perichon-
dral shell. The two processes, central and peripheral bone-formation,
progress simultaneously, so that their products are often seen in the same
microscopical field lying side by side, separated, however, by a thin and
incomplete layer of calcified cartilage-matrix, known as the boundary line.
From their rélations to cartilage, it is evident that the subperiosteal bone
never contains the remains of the calcified cartilage, while such englosures
are very common within the trabeculz of the central spongy bone (Fig. 61).

The conversion of the peripheral spongy bone into the typical compact
bone of the shaft involves the partial absorption of the subperiosteal network
and the secondary deposit of new osseous tissue. The initial phase of this
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conversion is the partial absorption of the trabeculz by the osteoclasts within
the primary marrow. As the result of this process, the robust and close
reticulum of subperiosteal bone is reduced to a delicate osseous framework
enclosing enlarged marrow-channels. The latter are now known as the
Haversian spaces and, in cross-section, are round or oval. After the
destructive work of the osteoclasts has progressed to the required extent, the
osteoblasts of the marrow-tissue within the Haversian spaces begin the for-
mation of new bone on the walls of the spaces. This process is continued
until, layer after layer, almost the entire space is filled with concentric
lamellze. The cavity remaining at the centre of the former space persists as
an Haversian canal, while the concentrically disposed layers of secondary
bone are the lamellze of the Haversian system, whose extent corresponds to
the form and size of the Haversian space. The interstitial or ground
lamellz of adult bone are the remains of the trabeculz of the primary sub-
periosteal spongy bone and are, evidently, genetically older than the Haver-
sian lamellze. The outer surface of the subperiosteal bone is beset with
depressions occupied by the primary marrow-tissue. As these pits deepen
in consequence of the increasing thickness of the growing bone, they are
converted into the nutrient channels which occupy the circumferential
and ground lamellze. They are, therefore, not surrounded by Haversian
layers and correspond to the '
Volkmann canals, through
which so many nutrient ves-
sels enter the bone.
Intramembranous
Bone-Development.—
The bones not preceded by -
masses of cartilage, as those
constituting the vault of the
cranium and the greater part -
of the face, develop within
sheets of connective tissue
by a process which, although
differing in its earliest details,
essentially corresponds to
subperiosteal bone-forma-
tion. Except where develop-
ing muscle occurs, the early
roof of the skull consists of
the integument, the dura
mater and an intervening
stratum of young connective . c 0
tissue. The latter layer con- ~Fie.6%—Periphery of  developing membrane-bone (parietal,
tains numerous embryonal
cells and delicate bundles of fibres. About the middle of the area corre-
sponding to the later bone, some of these fibrous strands underge calcification
and thereby supply a radiating framework upon the surface of which the
osteoclasts, derived from the embryonal connective tissue cells, arrange
themselves and bring about the deposit of bone-matrix. Delicate spicules
of new bone radiate towards the periphery from the ossification centre
thus established. As the trabecule increase in size and number, they join
to form a bony network, close and robust at the centre and wide meshed
and delicate towards the periphery where the osseous reticulum fades into
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the connective tissue. The details of this bone-formation by the osteoblasts
correspond to those seen in other localities, including the conversion of
some of the osteoclasts into bone-cells. With the growth of the bony
tissue the network becomes more and more compact until it forms an osseous
plate, which gradually expands towards the limits of the future bone.
During this growth, the connective tissue covering the outer and inner sur-
faces of the plate assumes the character and arrangement of a periosteum and
from the osteogenetic layer produces the compact surface lamell®e which
enclose the intervening spongy tissue. This arrangement is seen in the fully
developed bone (Fig. 48), where the so-called outer and inner tables enclose
the diploé. The development of the superficial layers of the surface lamelke
is, therefore, identical with that of other subperiosteal surface lamelle, while
the production of the diploé corresponds with that of the peripheral spongy
bone in its essentials, even to partial absorption in order to produce enlarged
marrow spaces. The secondary deposit of Haversian lamellze, however,
never takes place, the conspicuous systems of concentric layers being absent
in the membrane-bones. Increased thickness of the membrane-bones follows
the addition of new surface lamellze ; increased area results from the marginal
growth of the enclosed network of bony trabeculze. In the young skull the
vault-bones are separated by considerable tracts of connective tissue, con-
spicuous in the fontanelles and the evident sutures. This isolation continues,
in principle at least, even after the bones are in close apposition, and ends
only with the complete replacement of the intervening periosteum by bone,
such bony union being subject to great individual variations as to time
and extent. -

Growth of Bones.—Since new bone is deposited beneath the peri-
osteum, it is evident that in a long bone such growth results in ‘increased
diameter of the shaft, as well as in increased thickness of the bony wall
between the central medullary cavity and the surface. In order to maintain
the balance between .the longitudinal growth of the marrow-cavity (effected
by the destruction of the cartilage and the absorption of the intracartilagi-
nous bone) and its lateral expansion, removal of the innermost layers of
the subperiosteal bone soon becomes necessary, This is effected by the
osteoclasts, absorption of the older internal portion accompanying the depo-
sition of new lamelle on the surface. By this combination of destructive
and formative processes, the thickness of the cylindrical wall of compact
substance of the shaft is kept within the proper limits to insure the necessary
strength without undue weight. During early growth, increase in the length
of the bone is due to the addition at the ends of new cartilage formed by the
perichondrium ; later, these additions are supplemented by interstitial growth
following multiplication of the cartilage-cells. On attaining full growth and
completed epiphyseal ossification (page 47), a portion of the cartilage per-
sists as the covering of the articular surfaces. During the development of
the short bones, in which the entire bone is made up by a mass of spongy
substance enclosed by a shell of compact bone, no definite envelope of sub-
periosteal bone forms until the cartilage has completely disappeared. The
subsequent growth and expansion of such bones is accomplished by the
supcrhicial addition and internal absorption of the subperiosteal bone and the
accompanying expansion of the central spongy tissue. In the flat bones, as
the scapula, the subperiosteal production is well advanced before the intra-
cartilaginous process begins. After the cessation of peripheral growth, the
osteogenetic layer of the periosteum becomes denser and much less rich in
cells, although it retains an intimate connection with the last formed lamellee
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by means of the processes which continue its tissue into the vascular channels
within the bone. In addition to being the most important source of nutrition,
on account of its blood-vessels, the periosteum responds to demands for the
production of new bone, whether for renewed growth or for repair, and,
when occasion requires, again becomes active as the chief bone-forming
tissue, its cells reassuming the réle of osteoblasts.

THE ARTICULATIONS.

Broadly considered, the individual pieces composing the skeleton are
united by articulations of two kinds: (1) the continuous joint (synarthrosis),
in whichthe union is effected by uninterrupted masses of tissue and the bones
have no, or only very slight, play; and (2) the discontinuous joint (déarthro-
sis), in which the bones are joined by tissue containing definite joint-cavities
and, therefore, are free to move on each other.

Synarthrosis may be: (a) by dense connective tissue (sufura), as in
the immovable articulations of the skull, where the intervening periosteum is
intimately connected with the bones by
penetrating processes composed of white
and elastic fibres; (4) by ligamentous tissue
(syndesmosis) arranged in dense fibrous
bands, which stretch between the adjacent
bones and permit of slight movement, as
between the lower ends of the tibia and
fibula; and (¢) by cartilaginous tissue (syn-
chondrosis), which affords a rigid or flexible

Synovial membrane
Articular cartilage
Joint cavity

joint according to the proportions of the _ . Refiection of
hyaline or fibrous varieties of the tissue. Epiphyseal bone

Thus, where the bond of union consists
exclusively of hyaline cartilage, as between
the component pieces of a young bone,
immobility results; where fibrous cartilage
predominates, as in the massive interverte-  _ - 63.—Diagram showing essential
bral disks, the union provides great strength parts of a typical joint.

and some flexibility. Outside the spongy

substance or nucleus pulposus, which occupies the centre of the disk and is
regarded as the modified remains of the chorda dorsalis of feetal life, the inter-
vertebral disk consists of interwoven bundles of fibrous cartilage. Towards
the surface the more typical cartilaginous tissue is replaced by a peripheral
layer resembling tendon in structure.

Diarthrosis or the true joint includes, as its essential parts, the artic-
ular cartilage and the capsule; interarticular and adaptation cartilages and
synovial fringes are secondary structures which may or may not be present.
The articular cartilage covering the surfaces of the bones in apposition is,
with few exceptions, of the hyaline variety. Next the joint-cavity, the car-
tilage-cells are usually flattened and arranged parallel with the free surface;
deeper, the cells are more spherical in form and disposed in groups, while in
the layers still nearer the underlying bone, the cartilage-cells often show a
characteristic columnar arrangement, in which the rows of cells lie in a gen-
eral way perpendicular to the surface of the bone. The matrix immediately
overlying the bone is commonly the seat of more or less marked calcifica-
tion, a zone of calcified matrix thus forming the union between the cartilage
and the bone.
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Where two joint-cavities exist, separated by an interarticular cartilage,
the development of the partition, or meniscus, seems to influence the struct-
ure of the cartilage capping the articular surfaces of the bones. In such "
cases, as in the mandibular, costo-sternal, sterno-clavicular, acromio-clavic-
ular and lower radio-ulnar articulations, fibrous cartilage not only forms
the interarticular plates, but also contributes the covering’ of the bones.
Such instances, therefore, are exceptions to the usual investment of hyaline
cartilage. The adaptation cartilages, or /abra glenoidalia, as the glenoid
and semilunar cartilages in the shoulder and knee joint respectively, that
serve to deepen the cups in which the humerus and the femur play, also
consist of dense fibrous tissue containing rounded cartilage-cells.

The capsule surrounding the joint-cavity includes two layers: the
outer fibrous and the inner synovial. The fidrous layer, made up of inter-
lacing bundles of dense fibrous tissue, varies much in thickness in different

Blood-vessel

Free surface of
articular cartilage

Synovial membrane

Junction of
cartilage and
synovial membrane

Marrow-tissue

F1G. 64.—Section through margin of joint, showing articular cartilage and synovial membrane. X 100,

joints, in the minute articulations between the ear-ossicles being a delicate
membrane, while in the capsule of the hip-joint it reaches almost a centimeter.

The synovial layer, or synovial membrane, consists of loose connective
tissue containing elastic fibres and more or less extensive groups of fat-
cells; next the joint-cavity the tissue is condensed into a narrow compact
stratum, whose free or joint-surface is clothed with flattened connective
tissue cells. The latter are plate-like elements, irregularly oval or stellate in
outline, and, where closely placed, form a lining for the capsule that resembles
an imperfect endothelium. While the fibrous layer of the capsule is often
carried for some distance beyond the margin of the joint to blend with the
periosteum, the synovial membrane is reflected from the capsule to the
bones and the articular cartilage, extending over the latter for a variable
distance, but thinning out and disappearing over the surfaces subject to
pressure. The actual articulating surfaces, therefore, are devoid of synovial
membrane, the lubricated cartilages coming into contact during the move-
ments of the bones. '

Within the larger articulations the synovial membrane is thrown into
uncertain folds, which project into the joint, enclose masses of adipose tissue,
and are beset with numerous minute elevations. The latter, the synowvial
villi, are found especially around the margin of the articular surfaces and,
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in most cases, contain loops of capillary blood-vessels, which, together with
the other capillaries within the synovial membrane, are important in pro-
ducing the fluid within the joint. = Although this synovial fluid, or synevia,
consists almost wholly (94 per cent.) of water, it is slightly viscid and, there-
fore, well adapted to lubricate the articulating cartilages. In addition to
salts, proteid and mucoid substances, the synovia contains oil drops and the
remains of cells displaced by abrasion.

Blood-vessels and nerves are wanting within the articular cartilages, as
well as within the interarticular and the adaptation cartilages. The synovial
membrane, on the contrary, possesses numerous vessels and nerves. The
larger blood-vessels occupy the stratum of loose connective tissue, the capil-
laries penetrating into the innermost layer and the villi. The nerves include
vasomotor and sensory fibres, some of the latter being connected with special
endings (Vater-Pacinian bodies and Krause’s articular end-bulbs).  Definite
lymphatics are found within the synovial membrane immediately beneath

the joint-surface.
MUSCULAR TISSUE.

Although possessed to some degree by all living protoplasm, contrac-
tility is exhibited characteristically by muscular tissue. The latter is made up
of greatly elongated elements, which during contraction shorten in the direc-
tion corresponding with their long axes and, hence, exert a definite pull that
results in motion. In the higher animals muscular tissue occurs i two chief
kinds, the striated and the nonstriated, as distinguished by their histological
appearances. The former composes the muscles controlled by the will and
therefore is also termed vo'unfary muscle,; the latter acts independently of
volition and is spoken of as involuntary muscle. The association of striated
muscle with the will and, conversely, of the nonstriated variety with involun-
tary action must be made, however, with reservation, since in some animals
voluntary muscle is without striations. There is, indeed, reason to believe
that the histological differences are not fundamental, but are correlated with
function. Thus, the muscles of the cesophagus which in one group of ani-
mals are striated, in another group may be represented by nonstriated tissue;
further, much of the voluntary muscle of the head may be regarded as the
equivalent of the involuntary muscle of the trunk. The nonstriated or invol-
untary muscle represents a less highly specialized type than the striped, the
latter exhibiting to a conspicuous degree histological differentiation. As an
intermediate group stands the muscular tissue composing the heart, since the
cardiac muscle is beyond the control of the will although it possesses striated
fibres. The latter occupy. a position, therefore, between the fibre-cells of the
involuntary muscle and the elongated striated fibres of the voluntary muscle.

NONSTRIATED OR INVOLUNTARY MUSCLE.

This variety of muscular tissue occurs in the form of bundles and thin
sheets chiefly within the walls of the hollow viscera and of the vessels and,
although enjoying a wide distribution in the body, seldom forms considerable
masses.  Its distribution includes: 1. The digestive tract—the muscularis
mucose from the cesophagus to the anus and delicate bundles within the
mucosa; the muscular tunic from the lower half of the cesophagus to the
anus; in the large excretory ducts of the liver, pancreas, and some salivary
glands, as well as in the wall of the gall-bladder. 2. The respiratory tract—
in the posterior wall of the trachea and as encircling bundles in the walls of
the air-tubes. 3. The urinary tract—in the capsule and pelvis of the kidney



54 NORMAL HISTOLOGY.

and in the walls of the ureter, bladder and urethra. 4. The male reproduc-
tive organs—in the epididymis, vas deferens, seminal vesicles, prostate and
Cowper’s glands, and cavernous and spongy bodies of penis. 5. The female
reproductive organs—in the oviducts, uterus and vagina; in the broad and
round ligaments; in the erectile tissue of the external genital organs and in
the nipple. 6. The vascular system—in the walls of the arteries, veins and
larger lymphatics; sometimes in the trabecule of the larger lymph-nodes; in
the capsule and trabecule of the spleen. 7. The ¢ye—in the iris and ciliary
region; in the eyelids. 8. The Znfegument—in the sweat and some seba-
ceous glands: as the minute erector muscles of the hair-follicles and in the
skin covering the scrotum and parts of the external genital organs.
Nonstriated, smooth, pale, unstriped or involuntary muscle, as it is
variously designated, consists of structural units known as the fibre-cells.
These are delicate spindle, often prismatic, elements whose tapering ends fit

F1G6. 65.—Involuntary muscle from intestine ; several isolated fibre-cells are seen above. X 200,

between the adjacent fibre-cells. They vary greatly in size, measuring from
50—225 n in length and from 3-8 u in width. The fibre-cells found in the
skin and the blood-vessels are short (15-20 ) and broad; those in the intes-
tinal wall are more elongated (215-220 1) and delicate. The largest
elements are encountered in the gravid uterus where they may attain a length
of 500 # and a width of 30 . Occasionally the cells are bifurcated, espe-
cially among the lower vertebrates. Each fibre-cell consists of protoplasm in
which are embedded the nucleus and the contractile fibrille. The nucleus,
usually described as rod-shaped from its elongated oval or cylindrical form,
is placed frequently somewhat eccentrically with regard to the long axis and
nearer one pole than the other. It is rich in chromatin which usually
' presents a reticular arrangement. Influenced by contrac-
tion, the nuclei often exhibit deviations from the typical
rod-form. Paired centrosomes have been observed
within the cytoplasm close to the side of the nucleus.
The contractile fibrillee, convincingly seen only within
the large elements of the amphibia, are doubly refract-
ing (anisotropic) threads within the cytoplasm. They
. Fig. 66.—Bundles of lie at the periphery of the fibre-cell, closely related to
Y ection show.  the denser doundary zone, which forms the exterior of
I8 ence, ieoclls cut the fibre-cell and fulfils the purpose of a limiting
membrane, or sarcolemma, although no such definite
structure encloses the smooth muscle-cell as in the case of the striated fibre.
The individual fibre-cells are held together by an exceedingly delicate
investment of connective tissue fibres, both white and elastic, which surround
the muscle elements and in cross-sections appear as lines, formerly inter-
preted as cement-substance, that pass between and around the fibre-cells.
Since the latter are fusiform, their transverse areas, irregularly oval or polyg-
onal in outline, vary with the plane of section, being relatively large and
nucleated when cut through the middle of the fibre-cell and progressively
smaller towards the ends (Fig. 66).
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The bdlood-vessels supplying involuntary muscle, meagre in comparison
with those of the striped muscle, are guided in their distribution by the
septa of connective tissue, in which the larger vessels run. These give

off minute branches that terminate in
capillary networks which extend be-
tween the primary bundles of fibre-cells.
Numerous lymphatics likewise follow the

F1G. 68.—Portion of injected intestinal wall,

F1G. 67.—Section of uterus, showing bundles showing arrangement of blood-vessels au{:p(l{-

of involuntary muscle cut in various directions. ing involuntary muscle ; upper layer longitudi-
X 220, nally, lower transversely cut. X so. -

larger septa of connective tissue. The nerves supplying involuntary muscle
are sympathetic fibres. The larger trunks form plexuses, closely associated
with microscopic ganglia, from which delicate twigs pass between the bun-
dles of fibre-cells. Their ultimate relation with the contractile tissue is
described with the Nerve-Endings (page 86).

CARDIAC MUSCLE.

The contractile tissue constituting the greater bulk of the heart repre-
sents a type of muscle which, so far as histological differentiation is con-
cerned, stands between the simpler smooth muscle and the highly complex
striated tissue. The striking peculiarity of cardiac muscle, namely its re-
ticular arrangement, is referable to embryonic conditions. The mesenchyma,
from which the heart-muscle develops, for a time exists as a protoplasmic
reticulum that contains irregularly distributed nuclei but is without cell-
boundaries. This tissue corresponds, therefore, to a syncytium. As the
syncytial network becomes more compact, owing to the increasing width of
its trabecule with corresponding diminution of the intervening spaces, deli-
cate contractile threads, the myo-fibrils, make their appearance within the
reticulum and extend lengthwise through the trabecula, without regard to
the limits of the future cell-areas. Notwithstanding the differentiation of
the greater part of the syncytium into contractile fibrillze and the conversion
of the spongy embryonal tissue into the compact tissue of the heart-wall,
evidences of the primary reticular arrangement are seen in the characteristic
networks formed by the adult cardiac muscle. ‘
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When examined in sections passing parallel to the general course of

the fibres (Fig. 69), the heart-muscle exhibits a close irregular reticulum of
anastomosing trabecule. = The latter consist of strands of striated muscle in
which lie oval nuclei, surrounded by pale areas

of undifferentiated granular cytoplasm, or sarco-

plasm, devoid of striations. In cross-sections

(Fig. 70), the contractile fibrillze are seen to be

arranged in radiating groups which occupy the

periphery of the trabecule but do not reach

inward as far as the axis. The latter consists of

a variable core of sarcoplasm, which surrounds

the nucleus and usually contains a small quantity

of pigment and fatty particles. In its general

histological details, cardiac muscle agrees with

typical striped muscle, the alternate light and

dark stripes depending upon similar variations

F1G. 69.—Muscle fibres of human F1G. 70.—Fibres of cardiac muscle in transverse section.
heart. X 37s.

of density along the component fibrillze. The probable significance of these
markings will be considered under Striated Muscle (page 58); suffice it here to
indicate the peculiarities in which the muscular tissue of the heart differs from
typical striated muscle. Although invested by a delicate sheath, the cardiac
fibres do not possess a well defined sarcolemma. Their longitudinal striation,
often very distinct, owing to the large amount of sarcoplasm between the
groups of fibrillee, is seemingly interrupted at intervals by dark transverse
markings, the infercalated disks. Examination of suitably prepared material,
under high power, shows, however, that the contractile fibrille do not suffer
interruption, but are continued without break across the intercalated disks.
Further, the disks do not lie on the same plane, but at different levels. After
dissociation reagents, such as a solution of caustic potash, heart-muscle breaks
up into irregularly branched pieces, the so-called fibres. The lines of fracture
correspond in position with the intercalated disks and, consequently, the ends
of the isolated fibres often are not straight, but exhibit a series of offsets like
steps. The incessant contraction of the cardiac muscle, necessitated by its
function, is reflected in its structure, the unusually large amount of sar-
coplasm which it contains recalling a similar condition observed in the
‘‘red’’ skeletal muscles (page 59), in which a lower degree of differentiation
seems associated with the power of enduring frequently repeated contraction.
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STRIATED MUSCLE.

The striped muscular tissue forms the conspicuous masses known as the
‘‘ muscles’’ or ‘‘ flesh’’ attached to the bony framework of the body. These
organs are the active agents in moving the passive levers, the bones, and in
producing the movements of the animal. The structural unit of voluntary
muscle is the transversely striated muscle-fibre, which represents a highly
specialized cell. The fibres are the contractile elements by whose shortening
the length of the entire muscle is decreased and its force exerted.

The muscle-fibres are cylindrical, or prismatic with rounded angles,
in form and vary from .o1-. 1 mm. in diameter. No constant relation exists
between the thickness of the fibres and the size of the muscle of which they
are components, and, indeed, their diameter varies in the same muscle. The
length of the muscle-fibres is likewise subject to great variation. As a rule,
the fibres are of limited length, not exceeding from 4-5 cm.; in exceptional
cases, as in the sartorius muscle, they may attain a length of over 12 cm.
The fibres are usually slightly larger in the middle than at the ends, which
are more or less pointed, but sometimes blunted or club-shaped or, rarely,
branched. Branched and anastomosing fibres occur in the lingual, facial
and ocular muscles.

Each muscle-fibre corresponds to an enormously elongated multinu-
cleated cell and consists of a sheath, or sarcolemma, and the contained sar-
cous substance. The sarcolemma forms
a complete investment of the fibre and
alone comes in contact with the sur-
rounding connective tissue by which the
muscle-fibres are attached to one another
or to the fibrous structures upon which
they directly exert their pull. The
sarcolemma is a transparent, homo-
geneous, elastic membrane and envelops  Fig, 71.—Portion of muscle-fibre, showing
the contained sarcous substance so ircolemma bridging break in sarcous sub-
closely that, under ordinary conditions,
it is almost or entirely invisible. Being tougher than the muscle-substance,
it often withstands teasing with needles while the muscle is broken; where
such breaks occur, the muscle-substance sometimes contracts within the
sarcolemma, which then becomes visible at the fractures as a delicate tubular
sheath (Fig. 71). Sometimes the sarcolemma may be seen projecting
beyond the sarcous substance, as a coat sleeve covers the stump of an arm.

The sarcous substance, everywhere enclosed within the sarcolemma,
also consists of two parts, the less differentiated and passive sarcoplasm and
the highly specialized contractile fibriile in which take place the active
changes resulting in the contraction of the muscle-fibre. The characteristic
cross-striation, resolvable into alternating light and dark bands, that dis-
tinguishes the fibres of voluntary muscle depends upon the constitution and
arrangement of the contractile fibrillze. These are threads of great tenuity,
which extend the entire length of the muscle-fibre and present series of alter-
nating light and dark segments that probably correspond to differences of
density. The dark denser areas are doubly refracting (anisofropic); the light
less dense ones are singly refracting (iso/ropic). The cross-striation of the
muscle-fibre as a whole results from the definite and orderly arrangement of
the fibrille. Close lateral approximation of the denser and deeply staining
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segments of the fibrille, lying side by side within the sarcolemma, produces
the impression of the dark band; the similar relation of the less dense and

A B

slightly staining segments produces the light
band. If it were possible to isolate the
individual contractile fibrille, each would
exhibit the details shown in the accompany-
ing diagram (Fig. 72). The dark broad
transverse disk ( () of anisotropic substance
is succeeded at each end by the light band
(/J) of isotropic substance. The light
band is subdivided by a delicate line, the
intermediate disk (Z), also known as
Arause’s membrane. The sequence which
by repetition makes up the contractile fibrilla
is, therefore, Z+ /+ O+ /+ Z In
favorable preparations, the transverse disk
appears less dense and lighter midway be-
tween its ends where it is traversed by a
delicate line (A7), the median disk (Hensen)
or middle membrane (Heidenhain). The
striped muscle of certain insects exhibits an
additional band, the accessory disk, subdivid-
ing the light zone, /. The interpretation
of these details, shown as ordinarily seen
under moderately high magnification in

Fig. 73, has been the subject of vexed discussion. This has been particularly
true of the significance of the intermediate disk or membrane of Krause,

which is attached to the
inner surface of the sarco-
lemma and extends. com-
pletely across the muscle-
fibre. This arrangement,
however, does not imply
that the fibre is composed
of a series of separate dis-
coidal segments, but rather
that the membrane serves
" to maintain in definite
order the contractile fibril-
lee, which, while perhaps
attached to the mem-
brane, pass uninterrupted-
ly through it.

The distribution of the
contractile fibrillee with-
in the fibre is not uni-
form, since the fibrillze are
grouped into minute bun-
dles, the muscle-columns or
sarcostyles. This arrange-
ment is shown in transverse

F1G. 73.—Photograph of striated mammalian muscle, showing
the usual appearance under moderately high magnification.

sections of muscular tissue (Fig. 74), in which the individual fibres are
seen to be made up of stippled areas separated by clear lines. These areas,
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known as Coknheim's fields, represent the transversely cut groups of con-
‘tractile fibrille, each dot corresponding to a sarcostyle. The clear lines
indicate the distribution of the sarcoplasm; in addition to intervening
between the fields of Cohnheim, the sarco-
plasm separates the groups of individual
fibrille, each sarcostyle being entirely
surrounded by the less highly differentiated
substance.

Each muscle-fibre corresponds to a
multinucleated cell. The numerous nuclei
result from division of the nucleus of the
embryonal cell, the myoblast, and remain
embedded within the sarcoplasm as the
muscle-nuclei.  Their usual position in
mammalian muscle is immediately beneath
the sarcolemma; in certain fibres, how-
ever, as in the ‘‘red’’ fibres of the ocular  Fic. 7s.—Muscle-fibres of lizard in trans-
and respiratory muscles, the nuclei lie yog aecton: Showing 5‘;,‘_"*‘ of Cohnheim
more deeply embedded, therein agreeing ‘
in position with the nuclei in the muscles of many lower vertebrates.

The individual muscle-fibres, eachinvested in its sarcolemma, are grouped
into small primary bundles, the component fibres of which are held together
by a small amount of con-
nective tissue, the endomys-
ium. Thelatteris continu-
ous with the envelope of
- the primary bundles, the
perimysium  (Fig.  75).
The pnmary bundles are
associated into uncertain
groups, the secondary bun-
dles, which are united and
surrounded by extensions
and subdivisions of the
general connective tissue
sheath of the muscle, the
epimysium. In muscles
possessing a fine grain, the
secondary bundles corre-
spond with the fasciculi, but
in muscles of coarse text-
ure each fasciculus includes
a number of secondary
bundles.

Although the skeletal
muscles are usually pale
in tint and contract ener-

getically when stimulated,

FI1G. 75.—Several primary muscle-bundles in transverse section, i 3 -
showing the arrangement of component fibres. - 4o. palrthUI.a r muscles of Cel:
tain animals, as the semi-

tendinosus and the soleus of the rabbit, exhibit a deeper color and contract
more slowly and prolongedly under stimulation. Such red muscles, as they
are called, are composed of fibres which are thinner than common and
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possess a relatively large amount of sarcoplasm, with nuclei embedded
not only beneath the sarcolemma, but also in deeper parts of the fibres-
(Fig. 76). Although not present in mammals generally in sufficient numbers
to affect the appearance of entire muscles, the ‘‘red’’ fibres occur probably
in all striated muscular tissue upon which devolves prolonged and frequently
repeated effort. Such fibres, therefore, are present in the heart, eye-muscles,
and the muscles of respiration and of mastication. Possessing, as they do,
a larger proportion of undifferentiated
cytoplasm, the sarcoplasm, the red
fibres are better able to withstand
the fatigue of contraction. The pale

. Longitudinal Transverse
F1G. 76.—Portion of the soleus muscle of the rabbit
in transverse section. The more coarsely stippled F1G. 77.~Injected voluntary muscle, showing
fibres are of *‘ red ' muscle; they also contain nuclei arrangement of interfascicular vessels and cap-
within the sarcous substance, X 160. illaries. X so.

fibres, on the contrary, gain in rapidity of contraction at the expense of
early exhaustion.

The blood-vessels supplying striated muscle are very numerous.
The larger arteries and accompanying wveins enter the muscle along the
connective tissue septa and divide into smaller branches which run between
the fasciculi. These vessels give off twigs which pass between the finer
bundles of fibres and ultimately break up into dense capillary networks that
surround the individual fibres with long rectangular meshes. The relation of
the blood-vessels to cardiac muscle is exceptionally intimate, the capillaries
not only enclosing the trabecule with rich networks, but also lying in grooves,
or even in channels, surrounded by the muscular tissue. The lymphatics
are represented by the clefts within the connective tissue around the fibres
and by definite lymph-vessels which accompany the blood-vessels in the
larger tracts of connective tissue. The nerves supplying striated muscle
include toth motor and sensory fibres. The former terminate in specialized”®
end-arborizations, the mofor nerve-endings, which lie beneath the sarcolemma
and upon the sarcous substance. - The sensory fibres are connected with the
neuro-muscular end-organs, or muscle-spindles. The description of both vari-
eties of terminations will be found under the Nerve-Endings (pages 84, 85).
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Development of Muscular Tissue.—With the exception of the
involuntary muscle connected with the sweat-glands and the dilator fibres of
the iris, all of which probably arise from the ectoderm, muscular tissue is a
derivative from the middle germ-layer. The voluntary muscles composing
the skeletal group, however, arise from the modified mesoderm that forms
the periphery of the quadrate areas, or somifes, of the early embryo, while
the tracts of involuntary muscle and the heart-muscle are developed from
the mesenchyma. The details of their histogenesis vary in each case. Since
involuntary muscle is the musculature of the viscera, it generally develops
within the walls of tubes. Certain of the mesenchymal cells undergo pro-
liferation and elongation and gradually assume the characteristics of the

sot

F1G. 78.—Section of developing intestinal wall, showing differentiation of involuntary muscle from
splanchnic mesoderm. X 180.

fusiform fibre-cell. Their primary loose arrangement gives place to com-
pactness with reduction of the intervening connective tissue.

The cardiac muscle originates from the nucleated protoplasmic retic-
ulum, the syncytium, formed by the mesenchyma of the early heart-tube.
Contractile threads, the myo-fibriles, make their appearance within the pro-
toplasmic trabecule and increase in number by longitudinal splitting.. The
contractile fibrillee are for a time homogeneous, but later undergo differentia-
tion in density into light and dark segments, which produce the general
transverse striation of light and dark bands. The contractile fibrillee are not
uniformly distributed throughout the substance of the trabecule, but appear
in groups that condense into narrow wedges, whose bases lie at the periphery
of the fibre, with the thin edges towards the centre. The portion of the
cytoplasm which is not converted into fibrillee remains as an undiffer-
entiated sarcoplasm, filling the intervals between the groups of contractile
threads. After the appearance of the intercalated disks, the trabecule are
subdivided into irregular areas, the so-called muscle-fibres, which seem to
have only a questionable morphological significance as fundamental units.
With the progressive increase in the muscular substance, the intertra-
“becular spaces and the contained embryonal connective tissue rapidly
diminish, the former spongy tissue becoming finally condensed into the
definitive heart-muscle,
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The striated muscle fibres arise from the greatly elongated myoblasts of
the mesodermic somites. At first spindle shaped and composed of granular
cytoplasm, the embryonal cell increases rapidly in length, while its nucleus

undergoes active proliferation,
but for a time is devoid of all
fibrille. These appear first in
the periphery of the young mus-
cle-cell and probably arise by
fusion of linear rows of granules.
They increase in number by lon-
gitudinal cleavage and are dis-
posed in groups separated by
. the undifferentiated sarcoplasm.
During the growth, the nuclei
migrate from the interior to the
surface of the fibre, where, beneath
the sarcolemma already formed,
they are found regularly arranged
in the completely differentiated
fibre, in which relatively little
sarcoplasm remains. Coincident
with the growth and increased
number of the muscle-fibres, the
intervening embryonal connective
tissue becomes reduced to the
meagre endomysium holding the
individual fibres together, while
that surrounding the primary bun-
dles becomes the perimysium
and the general muscle-sheath.
During the growth of the young
muscle, actual increase in the
number of fibres occurs, but even during childhocd, and, still more, subse-
quent to attaining its full size, enlargement is due chiefly to increased diameter
of the existing fibres ow-
ing to multiphcation of the
fibrillze.

Attachment.— The
attachment of the muscle fi-
bres, whether to one anoth-
. er or to tendons, aponeuro-
ses, periosteum or fasciz, is
accomplished by the union
of the fibrous attachments
with the strands of connect-
ive tissue betwecn the fibres
and never directly with
the sarcous substance. On ) )
ioiningatendon, the point- FiG. So.—Deve]oplngu:"g:l:ir;t; 4 mu;;:;e. the fibres are still
ed or obliquely ending fi-
bres, completely enclosed within the sarcolemma, are received between the ten-
don-bundles (Fig. 82) which fuse with the endomysium. A similar relation
obtains where a muscle is inserted into the periosteum or a fascia; but where the

F1G. 79.—Frontal section of rabbit embryo, showing
myotomes. > 98,
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muscle is attached to the skin, the radiating muscle-fibres are continued by
tendon-bundles of connective tissue rich in elastic fibres, an arrangement well
adapted to distribute evenly the pull of the muscle upon the integument.

Fi1G. 81.—Developing muscle-fibres in which the striation is just appearing. < 375.

The aponeuroses correspond in structure closely with the tendons,
being composed of parallel bundles of dense fibrous tissue which are arranged
to form membranous structures.

The fasciz consist of feltworks of bundles of white fibrous tissue with
a variable, usually considerable, proportion of elastic fibres. Where very
dense, as in the fascia lata, they somewhat resemble tendon-tissue, the com-
ponent bundles of fibro-elastic tissue being com-
pactly disposed, although interwoven and lacking
in uniform placing, and containing little fat. The
superficial fasciz, on the other hand, consist of !
loosely felted fibro-elastic strands and ordinarily
support considerable, at times inordinate, masses
of adipose tissue. Where the fascia serves as a
muscle-sheath, it contains little fat but an unusual
number of elastic fibres, by virtue of which it
accommodates itself to the changing form of the
enclosed muscular tissue.

Tendon-sheaths.—Where tendons play in
bony grooves, or where it is necessary to overcome
some tendency to displacement, they are bound
down and held in place by bands of dense fibrous
tissue, which either convert the grooves into canals
or form tubular investments that enclose the ten-
dons, although allowing free longitudinal move-
ment. These connectivetissue envelopes constitute
the fendon-sheaths and may surround more than
one tendon. Each sheath consists of an outer
Jfibrous tunic (vagina fibrosa) composed of dense _ Fic. 82—Section of tendon
fibro-elastic bundles, continuous with the perios- muscle-fibres. X 200.
teum at the margins of the groove, and an inner '
synovial tunic (vagina mucosa), which lines the deeper surface of the
fibrous sheath and at the ends, or next the bone, is reflected, onto the
tendon. The latter, therefore, is more or less completely surrounded by
a double-walled cylinder, whose cavity is filled with a fluid serving to
diminish friction during the play of the tendon. The synovial tunic
resembles the lining of joint-cavities, being clothed with an imperfect layer
of endothelial plates. In the larger sheaths, minute vascular projections
recall the synovial villi.
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Bursa.—In situations in which a muscle or tendon moves over a bony
prominence, or in which two tendons glide upon each other, the intervening
areolar tissue contains a space filled with fluid, termed a bursa. Such burse,
whose evident purpose is to diminish friction, are abundant in connection
with the limb-muscles and in the vicinity of the large articulations may com-
municate with the synovial cavities. Conspicuous examples of such relation
are the subscapular bursa, which opens into the shoulder-joint, and the supra-
patellar bursa, which communicates with the cavity of the knee-joint. Sué-
cutaneous burse are also developed in the areolar tissue separating the super-
ficial and deep fasciz in situations in which the skin glides over a bone and
is subject to pressure, as over the tip of the elbow. The immediate lining
of the bursal sac consists of an incomplete endothelial investment, while the
wall of the sac itself is composed of dense fibro-elastic tissue.

NERVOUS TISSUE.

The nervous system—the complex apparatus by which the organism
is brought into relation with its surroundings and by which its various parts
are united into one coordinated whole—consists of structural units, the
neurones, held together by a special sustaining tissue, the neuroglia, assisted
by ingrowths of the surrounding connective tissue. The meurone, the
morphological unit of the nervous system, includes a nucleated protoplasmic
accumulation, the ce//-body, and the processes. The former, usually spoken
of as the nerve-cell, presides over the nutrition of the neurone and, in many
cases, is the seat of the subtle changes giving rise to nervous impulse. The
processes originate as outgrowths from the cell-body during development and
provide the conduction paths along which impulses are conveyed. They
are very variable in length, some extending only a fraction of a millimeter
beyond the cell-body, while others continue
many centimeters to distant parts of the body.
The longer processes usually acquire protect-
ing sheaths and are known as nerve-fibres.
These are associated into bundles and consti-
tute the nerves that pass to the muscles and
various other organs.

Reduced to its essential parts, the nervous
system consists of two units. The one, the
sensory neurone, takes up the stimulus received
upon the skin or other sensory surface and,
by means of its process (nerve-fibre), conveys

Fio. 81— Diagram showing funda. such impulse from the periphery towards the
mental tmits of nervous sysem. 4. aggregations of nerve-cells that lie in the
f;":;‘l’l'q{sg?ﬂ(g;ﬁocg‘;g?xf‘(‘;‘gmﬁﬂ;g‘ vicinity of the body-axis. Functionally, such
&y (S); B.Imotgr neurone sending a path consists O‘f an aﬂc‘rerzt ﬁbre. The
Tuscle, |puises by ts process (e) o i hulses thus carried are transferred to the

second unit, the mofor neurone, which, in
response, sends out the impulse originating within the cell-body (nerve-cell) -
along the process known as the ¢fferent fibre to the muscle-fibre and causes
contraction. The assumed simple relations of the foregoing nervous appa-
ratus are, in fact, superseded by much greater complexity in consequence
of the introduction of additional units, by which the sensory impulses are
distributed to nerve-cells situated not only in the immediate vicinity of the
reception-cell, but at different and often distant levels,
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During the evolution of the nervous system from the simpler type, the
cell-bodies of the neurones forsake their primary superficial position and
recede from the periphery. This recession is expressed in the axial accumu-
lation of the cell-bodies either within the wall, or in the immediate vicinity
of the neural tube (brain and spinal cord), to or from which the processes
pass. The nervous system is often divided, therefore, into a central and a
peripheral portion. The former, also known as the cerebro-spinal axis,
includes the brain and spinal cord and contains
the chief axial collections of nerve-cells. The
peripheral nervous system, on the contrary, con-
tains the nerve-cells of the sensory ganglia and is
composed principally of the nerve-fibres that pass
to and from the end-organs. Intimately associ-
ated with and in fact a part of the peripheral
nervous system, but at the same time possessing
a certain degree of independence, stands the
sympathetic system, which provides for the inner-
vation of the involuntary muscle and glandular
tissue throughout the body and the muscle of
the heart.

The Neurones.—As before stated, the neu-
rones consist of the cell-body (nerve-cell) and
the processes. The latter, as seen in the case
of a typical motor neurone extending from the
spinal cord to a muscle, are of two kinds: (a)
the branched protoplasmic extensions, the den-
drites, which are usually multiple and form
elaborate arborescent ramifications that establish
relations with other neurones, and (4) the single
unbranched axone (neuraxis, neurite) that ordi-
narily is prolonged to -form the core or axis-
cylinder of a nerve-fibre, and, hence, is also
often termed the nerve- or axis-cylinder process.
Although ‘‘chained’’ together as the links that
form the various paths along which impulses
are conveyed, the neurones are seldom, if ever
primarily, actually united to one another, but only
intimately related. Their processes, although in Telodendrion
close contact, are not directly continuous, contigu- oo oo typlcal
ity and not continuity being the ordinary relation. neurone.

The dendrites are usually uneven in contour '
and robust as they leave the cell-body (nerve-cell), but rapidly become
thinner in consequence of their repeated division, until they are reduced to
delicate threads that constitute the terminal arborizations, the felodendria,
formed by the end-branches. The latter are beset with minute enlargements,
or varicosities, and finally. end in terminal bead-like thickenings. The
axone, slender and smooth and of uniform thickness, is much less con-
spicuous than the dendrites. It may be short and extend only to nearby
cells, or it may be of great length and connect distant parts that lie either
wholly within the cerebro-spinal axis (as from the brain-cortex to the lower
part of the spinal cord) or extend beyond (as from the lower end of the
spinal cord to the plantar muscles of the foot). On reaching its destination,
the axone terminates in an end-arborization or telodendrion, in a manner

5

Collateral
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similar to the dendrites. Neurones are divided according to the distribution
of their axones into two classes. In those of the first class, known as #ype /
cells, the axone is continued as a nerve-fibre and is, therefore, relatively long.
Soon after leaving the cell-body (nerve-cell),
such axones give off delicate lateral processes,
the collaterals, which, after a longer or shorter
course, break up into arborizations that end in
relation with other and often remote neurones.
The neurones composing the second and much
less frequent class, fype I/ cells, possess short
v axones that are not continued as nerve-fibres, but
almost immediately break up into complex end-
arborizations or ncuropodia, limited to the gray
matter. -
The nerve-cells, as the cell-bodies of the
neurones commonly are called, are in general
Arborization  relatively large elements, those 'in the anterior
of axone . .
horns of the spinal cord measuring from 70-150
1. They possess a large spherical nucleus, poor
in chromatin but usually provided with a con-
/ spicuous nucleolus. Their cytoplasm varies in
appearance with the method of fixation and
Fi. 85.—Diagram of nerve-cell of staining to such an extent, that much pncertaingy
e b nerve el 18 Ot Pro- - exists as to the relation of many described details
to the actual structure of the cells. It is probable,
however, that the cell-body of the neurone consists of a ground-substance,
homogeneous or finely granular, in which delicate fibri/le and masses of
chromaltophilic granules are embedded; in addi-
tion a variable amount of brown or blackish
pigment is usually present in the vicinity of
the nucleus. The fibrille, which are continued
into all the processes as far as the terminal
arborizations, form a dense network surround-
ing the nucleus that is enclosed by a superficial
one. After special staining with methylene
blue, the chromatophilic granules appear deeply
colored and grouped in variable masses, known
as MViss/ bodies, which occupy the interstices of
the fibrillar reticulum. Collectively the gran-
ules of ‘‘stainable substance’’ constitute the
tigroid substance and are most conspicuous in
the neighborhood of the nucleus and least so
at the periphery of the cell. They are continued
into the dendrites as elongated flakes that finally
resolve into scattered granules along the proc-
esses. The axone, on the contrary, does not
contain Nissl bodies, and usually joins the cell-
body at an area free from the stainable sub- i g6.—semidiagrammatic repre-
stance, the process usually arising from a slight sentation of structure of neurone; a,
elevation known as the implantation cone. ’
Exceptionally, the axone arises from one of the dendrites, either at its
base or at some distance from the cell-body. Owing to the size of the cells,
little more than the stumps of the processes are ordinarily seen in sections.

1 \ /
‘ & Dendrites
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Every neurone poésesses at least one process, which is then an axone,
although usually provided with both dendrites and axone. Very rarely
more than one axone is present. Depending upon the number of their proc-

esses, neurones are described
as unipolar, bipslar or multi-
polar. The unipolar neu-
rones occur only among the
lower vertebrates, the apparent
examples seen in the familiar
cells composing the spinal and
other ganglia connected with
sensory nerve-fibres resulting
from secondary changes. Pri-
marily, such neurones possess
an axone and a dendrite, which
pass from the opposite ends
of the young oval cell. Dur-
ing development, however, the
unilateral growth of the cell-
body brings about the gradual
approximation of the two proc-
esses until they fuse in the
_single extension into which the
flask-shaped cell is prolonged.

Examples of bipolar
neurones, in which the den-
drite and axone pass from

OPPOSlte sides of the Ce“'bOdYa F1G. 87.—Nerve-cells of human spinal cord stained to show
are found in the retina and the Nisslbodies; D, dendrites; 4,axones; C, implantation cone ;

ganglia connected with the

N, nucleus; M, nucleolus. X 400.

acoustic nerve.  An interesting modification of bipolar neurones is presented
by the olfactory cells, whose dendrites are represented by the short micro-

A
F1G. 89.—Bipolar neu-
F1G. 88.—Diagram showing rones; a, from olfactory

transformation of young bi- mucous membrana—the
polar sensory neurone into  dendrite is above; &,
one of unipolar type. from retina. (Cayal.)

scopic processes embedded with-
in the nasal mucous membrane,
whilst the axones are prolonged
as the fibres of the olfactory
nerves. ‘

The cell-bodies of the multi-
polar neurones, which possess
one axone and several dendrites,
vary in form. Some, as those
within the sympathetic ganglia,
are approximately spherical and
of moderate size, with short
delicate dendrites; many are of
large size and irregularly stellate
form, the dendrites passing out
in all directions, as seen in the
conspicuous motor neurones with-
in the anterior cornua of the

spinal cord; others possess a regular and characteristic outline, as the
flask-shaped cells of Purkinje within the cerebellum or the pyramidal cells
of the cerebral cortex. Certain multipolar neurones within the cerebral
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cortex, and especially those constituting the chief components of the granule
layer of the cerebellum, are distinguished by the small size of their
cell-bodies and the peculiar ramifications and claw-like telodendria of
their dendrites. Within the cere- bellar cortex are also
found examples of multipolar neu- 8 rones of type II, whose
axones almost immediately undergo =~/ branching within the
gray matter to which they are con- fined.

The Nerve-Fibres.— From what has been said
above, it is evident that nerve-fibres are not independent ele-

C

A

F1G. go.—Multipolar nerve ceils of various forms: A, from spinal cord ; B, from cerebral cortex; C, from
cerebellar cortex ; a, axoue; ¢, implantation cone.

ments, but only the processes of neurones—either the axones that are pro-
longed as fibres, or the dendrites of neurones situated within the spinal and
other sensory ganglia. Although neurones exist which are not continued
as nerve-fibres, the converse is not true, since nerve-fibres are always
connected with neurones. '

The fundamental part of every nerve-fibre is the central cord, known as
the axis-cylinder, which is composed of delicate threads, the axis-fibrille,
prolonged from the nerve-cell and embedded
within a semifluid interfibrillar substance, the
neuroplasm. In the case of the typical fibres,
such as form the chief constituents of the periph-
eral nerves, the axis-cylinder is surrounded by
a relatively thick coat, known as the medullary

Axis-cylinders

Axolemma R A . .
sheath, outside of which lies a thin structureless
Medullary .
substance envelope, the neurilemma or sheath of Schewann.
S Node of These coverings, however, do not invest the
v',T_Ranvier entire nerve. Thus, for a short distance after

Neurilemma  leaving the nerve-cell, the axis-cylinder is with-
out covering ; soon it becomes surrounded by
the medullary sheath, and then, if it be a
peripheral nerve, acquires the outer envelope,
”Fsl;:é'?li:n(:h;:luaéiedtllewe-ﬁbresf the neurilemma. In the case of the nerve-
spinal nerve. s azs - oo°" °1 - fibres that course within the brain and spinal
cord, the fibre is devoid of the neurilemma,

although it may possess the medullary coat.
The medullary sheath consists of two parts, a delicate reticular
Jramework and a fatty substance, the myelin, that fills the meshes of the
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supporting reticulum. The latter, arranged for the most part as connected
membranous lamelle, resists pancreatic digestion and fat-dissolving reagents
and is composed of a substance named neurokeratin. The reactions ex-
hibited by myelin indicate its fatty nature, \
this substance existing during life perhaps g Medullary
in the form of an extremely fine emulsion Substance
supported by the framework. When fresh, Axis-cylinder
myelin appears clear and highly refracting
and confers upon the nerve-fibres which 1t
covers, ‘‘medullated fibres’’ as they are
called, their characteristic whitish color. Itis .
prone to post-mortem changes, so that after F'® 215:53‘,?;;‘2::&“?"';‘3&;’“ in
death it loses its former uniformity and pre-
sents irregular contractions and collections, or extrudes in irregular globules
at the ends of the broken fibres. The medullary sheath is not uniformly
continuous, but is almost completely interrupted at regular intervals marked
by annular constrictions. These constrictions, the nodes of Ranvier, corre-
spond to very narrow zones at which the medullary sheath is practically
wanting and the neurilemma dips in and comes into close relation with the
axis-cylinder. The medullary sheath, how-
B ever, does not suffer complete suppression
: at the nodes, but is represented by a part
of its framework which traverses the con-
strictions. The latter occur at regular
intervals along the fibre which they thus
divide into a series of infernodal segments.

| Schmidt-
I __Schmide- In a general way, the segments are longer
segment in large fibres (about 1 mm.), and shorter

in those of small diameter, in which they
Axis-cylinder are reduced to . 1 mm. or less in length. The
axis-cylinder passes uninterruptedly across .
the nodes and is continuous from its origin
— Cleft in the nerve-cell to its ending in the terminal
arborization (telodendrion). The neuri-
lemma also suffers no break at the nodes,
but continues from one segment to the
Nodeof Ranvier other. After treatment with osmic acid,
the medullary sheath frequently is broken
by clear narrow clefts that extend obliquely
from the neurilemma towards the axis-
cylinder, and thus subdivide each internodal
’ segment into a number of smaller tracts,
Fic. 93 —Medullated nerve-fibres after  known as the Schmidi-Lantermann scg-,

treatment with osmic acid; A, fibre show- .. . PP
ing reticulum within medullary coat; £ snents. The significance of this subdivision

e same coat divided into sek io - yncertain, the details being regarded

by some as artefacts. Within each inter-

nodal segment, bencath the neurilemma, lics a small cell, the nenrilemma

cell, which comprises an elongated oval nucleus surrounded by a meagre

amount of cytoplasm. These cells represent the remains of the ectodermic

elements (sheath cells) that were active during the growth of the nerve-fibre
in providing its envelope.

According to the presence or absence of the medullary coat throughout

the grezter part of their course, nerve-fibres are designated as medullated or
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nonmedullated. The medullated fibres constitute the majority of those
making up the perinheral nerves and the fibre-tracts within the cerebro-
spinal axis. The fibres within the latter, however, while medullated are
without a neurilemma. The nonmedullated fibres, on the other hand, are
chiefly prolongations (axones) from the ganglion-cells of the sympathetic
system, although in the case of the olfactory nerves-the fibres are without
a neurilemma. The distinction between these two classes of nerve-
fibres, however, is relative rather than absolute, since every medullated
nerve-fibre becomes nonmedullated not only at its
origin from the cell, but also before making its
terminal arborization, central or peripheral. Medul-
lated nerve-fibres vary from 1-20p in thickness.
According to their diameter, they are grouped as fine
(1—4 p), medium (5—9 p) and coarse (10-20 p).
In a general way it may be said that the thicker
fibres are the longer and are the processes of large
nerve-cells; conversely, the finer fibres are shorter
and belong to small cells. Although subject to
many exceptions, the efferent (motor) fibres are
- usually the thicker, and the afierent (sensory) the

thinner.

Since there are many mnie peripheral nerve-
fibres than nerve-cells, it is evident that the former
must undergo division along their course. Such

FIG. o4.— Nonmedullated dOUPling occurs always at a_point corresponding to a
nerve fibres in lougitudinal node of Ranvier, never within an internodal segment,
ion ©of splenic merve:yhe sheaths being' continued on' the resulting fibres.

On approaching their peripheral termination, the
branching becomes more frequent and the medullary sheath thinner until it
ceases, after which the axis-cylinder continues covered by only the attenuated
neurilemma. The latter, now reduced to an extremely delicate covering be-
set with occasional nuclei, sooner or later disappears, the naked axis-cylinder
alone being thence prolonged to end finally in the varicose threads of the telo-
dendrion. The nonmedullated nerves proper, also termed the pale fibres
or fibres of Remak, include those that are devoid of the myelin sheath
throughout their course. Such fibres are chiefly the axones of sympathetic
neurones. They are often 2 1 or less in diameter and consist of only the
axis-cylinder and the neurilemma, the latter being thin and delicate. The
pale fibres, like others, end in terminal arborizations (telodendria) composed
of naked axis-cylinders.

Neuroglia.—The neurones (nerve-cells and nerve-fibres) within the brain
and spinal cord are everywhere held together by a special supporting tissue
known as neuroglia. The latter is derived primarily from the invaginated
ectoderm which forms the wall of the neural tube, certain elements, the spongio-
blasts, being concerned in the production of the neuroglia, while others, the
neuroblasts, give rise to theneurones. For a time the supporting tissue is
represented by greatly elongated radially disposed fibre-cells that often ex-
tend the entire thickness of the wall of the neural tube. Later, the neurog-
liar elements become differentiated into: (a) those bordering the lumen of
the canal, where they are partially retained as the ependymal cells; and (8)
those which early migrate to more peripheral positions and give rise to stel-
late gliogenetic cells that are converted into spider-like elements (Fig. 95).
In chrome-silver preparations these appéar as irregular triangular or quadri-
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lateral cells from whose angles extend the numerous delicate fiérille that
later become the chief constituents of the neuroglia. So long as neuroglia
is being produced, the gliogenetic cells are present and concerned in the
production of additional fibrillee, their cytoplasm becoming progressively
reduced until in their final condition of the small g/ia cells, little more than
the nucleus remains. During these changes very many fibrille lose their
connection with the cells and, in conjunction with the glia threads still
attached, form an intricate interlacement in
which the neuroglia cells, now greatly re-
duced and for the most part devoid of proc-
esses, lie scattered at uncertain intervals.

The mature neuroglia everywhere
consists of essentially the same tissues,
the differences noted in certain localities
depending largely upon variations in its

Fi1G. ?6.-—-F.pendymal cells and adjacent
F1G. 95.—Young neuroglia cells; astrocytes neuroglia surrounding central canal of
from brain of child. K 300. spinal cord of cat. X 75. (Rubaschkin.)

compactness. Its chief constituent is the intricate feltwork of g/ia-fibres
which are usually free but to some extent connected with the glia-cells.
Where, however, the neuroglia borders the brain-ventricles and the central
canal of the spinal cord it presents special features. In these situations it
forms the ependyma, which appears as a single-layered epithelial lining.
Within the cord, the cells are pyramidal, their bases looking towardsthe lumen
of the tube and their apices towards the nervous tissue. At least during the
earlier years in man, and throughout life in many lower animals, the free
surfaces of the cells are beset with hair-like processes resembling the cilia of
epithelial cells. The pointed distal ends of the ependymal cells are prolonged
into ‘processes continuous with neuroglia fibres that are soon lost in the
surrounding glia-complex. Where the ependyma lines the ventricular spaces,
the cells are low cuboidal elements that constitute a continuous and single-
layered investment, whose primary relation to the surrounding neuroglia is
often lost or, at best, obscured.

The Nerve Trunks.—The component fibres of the peripheral nervous
system are assembled into larger or smaller cords, the ‘‘nerves’’ of gross
. anatomy, which extend to various parts of the body. Those that supply both
muscles and sensory surfaces (integument or mucous membranes), as, for
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example, the median or the mandibular nerve,include three sets o( nerve
fibres: (1) the efferent axones of the motor neurones, whose cell-bodies are
situated within the spinal cord or the brain-stem ; (2) the afferent dendrites
of sensory neurones within the spinal and othér sensory ganglia; and (3) the
efferent axones of neurones within the sympathetic ganglia that accompany
the spinal fibres to the periphery for the innervation of the involuntary mus-
cle of the blood-vessels and of the skin and the glands.

The nerve-fibres, the representatives of the three sets usually more or less
intermingled, are grouped into bundles, the funiculi, which differ in num-
ber and diameter according to thesize of the entire trunk that they form.
Each funiculus is surrounded by a definite sheath of dense connective tissue,

F16. 97.—Transverse section of small nerve-trunk composed of loosely united funiculi. X zo.

the perineurium, which is continuous with the delicate fibro-elastic tissue pro-
longed as the endoneurium between the individual nerve-fibres.  Where well
developed, the sheath of the funiculus consists of concentric fibrous lamellz,
which enclose the perineural lymph-spaces. The latter are in relation with the
lymph-clefts between the nerve-fibres, on the one hand, and with the lymphatics
within the interfunicular tissue on the other. When, as usually is the case, the
nerve is made up of several funiculi, these are loosely bound together and the
entire nerve-trunk so formed isinvested by a general connectivetissue envelope,
the g¢pineurium, in which lie the larger blood-vessels and the lymphatics.
These coverings of the nerve-trunk are continued over its branches, even
over its smallest subdivisions. The last representative of these envelopes is
prolonged over the individual nerve-fibres as the sheath of Henle, which lies
outside the neurilemma and consists of flattened cells and delicate strands of
connective tissue.

In cross-sections of the nerve-trunk (Fig. 98), the transversely cut indi-
vidual medullated nerve-fibres appear as small circles, sharply defined by a
fine outline (the neurilemma), each enclosing a deeply stained dot (the axis-
cylinder in section); the interval between the latter and the neurilemma cor-
responds to the space occupied by the myelin and usually appears clcar and
unstained, with the exception of delicate and uncertain suggestions of mem-
branous septa. In contrast with the foregoing appearance, is that seen after
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the action of osmic acid or special hematoxylin staining, (Weigert), the med-
ullary substance then exhibiting a dark color and appearing as a deeply
tinted ring which surrounds the axis-cylinder. The neurilemma-nuclei are
occasionally seen as deeply stained crescentic figures that partly encircle the

-ineurium

Endoneurium

Nerve-fibre

neurium

Blood-vessel

F1G. g8.—Transverse section of funiculus composed of nerve-fibres held together by endoneurium and
surrounded by perineurium. X 17s.

nerve-fibres, lying beneath the neurilemma. Viewed in cross-sections, the non-
medullated fibres appear as small irregularly round fields arranged in groups
that correspond to bundles. When numerous, the latter are aggregated into
secondary bundles between which
extend delicate septa of connective
tissue, continuous with the gen-
eral envelope of the nerve-trunk.
The fibres being nonmedullated,
their diameter is very small, some-
times less than 1 .

The Ganglia.—The cell-
.bodies of the neurones constituting
the sensory or afferent paths within
the peripheral nerves, as well
as those within the sympathetic

Crninaneism

(visceral) nerves, are collected into Inter-
! . fascicular
aggregations known as ganglia. septum

Familiar examples of the latter are

the spinal ganglia on the dorsal )

roots of the spinal nerves, certain F1e, 2 Trnsyerscsectionof smallsplenic nerse con
cranial ganglia (as the semilunar

[Gasserian] connected with the fifth nerve, the acoustic with the eighth, and
those on the trunks of the seventh, ninth, and tenth cranial nerves), and the
sympathetic ganglia along the gangliated cords and within the plexuses of the
sympathetic. , ’
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A longitudinal section of a spinal ganglion (Fig. 100), which may be
taken as a type of such collections, shows the entire ovoid mass to be sur-
rounded by a fibrous capsule, continuous with the epineurium ensheathing
the nerves. Immediately beneath the capsule, the ganglion-cells are dis-
posed in a fairly continuous layer of varying thickness, while the more
deeply placed cells are broken up into groups by the tracts of nerve-fibres,
a small amount of connective tissue prolonged from the endoneurium of the
nerve-bundles and accompanying the blood-vessels being also present. The

Spinal cord

Dorsal root (sensory)

Spinal ganglion

Dorsal or
posterior
primary
division

Ventral root (motor)

Common trunk of spinal nerve
7 Ventral or anterior primary division

F1G. 100 —Section of spinal nerve, showing its roots, ganglion, common trunk and primary
divisions. X 9.

majority of the ganglion-cells are from 60-80 g in diameter, but some meas-
ure as much as 170 g, and others as little as 25 s In sections they usually
appear round or oval, since only exceptionallv are their processes to be seen.
Each nerve-cell is surrounded by a capsule, lined with flat cells. The ner-
vous elements may be grouped into large cells, whose axones give rise to
medullated nerve-fibres, and small cells, whose axones continue as non-
medullated fibres. Depending largely upon the behavior of their axones,
Dogiel has described eleven types of nerve-cells of the spinal gangiia.
Sympathetic fibres also are present.

The sympathetic ganglia correspond in their general structure with
those situated on the spinal nerves. They are enclosed by a fibrous capsule,
from which prolongations of connective tissue pass into the interior of the
ganglion for the support of the nervous elements. The individual ganglion
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cells—in mammals always multipolar—are surrounded by nucleated capsules
continuous with the neurilemma of the nerve-fibres. Most of the ganglion cells
belong to the sympathetic efferent (motor) neurones, whose axones pass as
nonmedullated fibres to join the nerve-

trunks and finally end in involuntary Nerve-fibres, cut trunsversely
muscle. Other neurones, whose cell- 1
bodies are more or less triangular, are

distinguished by unusually long den-

drites that pass, in company with the

axone, along the connecting trunk to a

neighboring ganglion. Their termina-

tion is uncertain, but they probably are

sympathetic afferent or sensory neu-

rones. A third and very infrequent

variety of neurone possesses richly

branched dendrites which form a plexi-

form arborization in the periphery of the

ganglion, while the axone enters a near-

by nerve-trunk. Although the axones  Fic. 1or.—Section of spinal ganglion, showing
of the sympathetic neurones for the fefvecells surrounded By nucleated  capsutes:
most part are devoid of medullary )

- sheath, and appear as pale fibres, this condition often applies only to part of
their course, since many such processes temporarily acquire a myelin-sheath
and run for a variable distance as medullated fibres. The spinal efferents,
which join the sympathetic by way of the white rami communicantes, are also

F1G. 102.—Portion of section of sympathetic (semilunar) ganglion from child. < 2s0.

medullated fibres.  Eventually, they too lose the myclin-sheath and, after a
variable but short course as nonmedullated fibres, end in arborizations com-
posed of naked axis-cylinders that surround the sympathetic ganglion cells.

Under the paraganglia are included clumps or cord-like collections of
cells, which are derived from the formative arcas of the sympathetic ganglia
and share with cells scattered throughout the sympathetic nerves and ganglia
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the peculiarity of being stained yellowish brown by solutions containing
chromic acid or chromium salts. In recognition of this affinity, these ele-
ments are known as ckromaffine cells and regarded as related to the sympa-
thetic system.  Definite collections of such cells, associated with a complex
of blood-vessels along the course of large arteries, occur in the carotid and
aortic bodies, as well as within the medulla of the suprarenal body.

DEVELOPMENT OF THE NERVOUS TISSUES.

Although the reader must be referred to the larger or special books for a syste-
matic and detailed description of the development of the nervous system, an under-
standing of the chief features of its histogenesis is so important for an appreciation of

Amniotic sac Closing neural canal

Somato-

pleura

. /
Visceral mesoderm Entoderm Chorda Open gut-tube Splanchuopleura

F16. 103.—Transverse section of rabbit embryo of about nine and one-quarter days. < 8o. Neural
canal is just closing.

the relations of its structural components, that a sketch oi these processes finds here
"an appropriate place.

Among the very earliest phases of the embryo is the formation of a longitudinal

furrow, the neural groove, bounded by thickened ectoderm and corresponding with .

the long axis of the embryo. By the approxi-

mation and fusion of its dorsal lips, this groove

is gradually converted into a closed tube, the

neural canal. The walls of this canal, [ om

which all the essential nervous elemernts are

derived, consist at first of only a few layers

of the invaginated ectodermic epithelial cells.

The latter actively proliferate and become con-

verted into a multinucleated tissue in which

the cell-boundaries disappear and the nuclei

lie embedded within a general protoplasmic

tract or syncylium. The larger dividing ele-

ments, the germinal cells, conspicuous on

ilm account of the mitotic figures, lie close to

FIG. 104.—Segment from lateral wall of the lumen of the tube. Soon this continuity is

neural tube of pig embryo of s mm.; syncyt- interrupted by the appearance of spaces within

e e e e e el the syncytium, the cell-substance being re-

limiting membrane; m, peripheral zone; r, solved into a delicate reticulum, the myelo-

Z‘,’;;f)"“““’ of cytoplasm. " X 6o. (Har-  cpomeium. The meshes of the reticulum

enlarge, the intervening nucleated tracts elon-

gate, and the increasing nuclei become radially disposed. Following these changes,

the elements next the lumen assume a columnar form and radial arrangement and

become the primary cpendymal cells, while the remaining elements, the indifferent
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cells, increase by the continued division of the germinal cells. The indifferent cells
later differentiate into the spomgioblasts, from which the characteristic constituents
of the neuroglia are derived, and the meuroblasts, which are directly converted into
the neurones. :

The neuroglia is evolved by the gradual transformation of the spongioblasts and
their descendants into fibrillee and the production of a more definite framework that
replaces the primary myelospongium and eventually, in conjunction with the proc-

. . - -

F1G. 105.—Segrment of wall of neural tube of pig embryo of 10 mm.; radia) strands (») of syncvtium and
differentiation of ependymal (a), nuclear (8) and marginal (m) layers ; i/m, elm, internal and external
limiting membrane; g, dividing cell ; 2, pia mater. X 6go. (Harde:ty.$

esses.derived from the ependymal cells, gives rise to the completed supporting tissue
(page 70). The neurones are directly derived from the neuroblasts. The latter are
distinguishable from the spongioblasts as soon as they are provided with nerve-
processes. These appear as outgrowths from the peripherally directed and pointed
ends of the developing nerve-cells. The first, and for a considerable time the only,
processes which the motor neurones possess correspond to axones that become the

F1G. 106.—Transverse section of part of developing spinal cord from pgz embryo of 30 mm; ¢, central canal;
ep, ependymal layer; #, nuclear layer; s, marginal layer; », radial fibres. X 240. (Hardesty)

axis-cylinders of efferént (motor) nerves. Subsequently the dendrites grow out in
various directions from the cell-bodies of the young neurones.

The peripheral nerves, according to the teachings of His and the views of most
anatomists, are essentially outgrowths from the nerve-cells, since the axis-cylinder of
the entire nerve-fibre is formed by the peripherally directed growth of the original
nerve-process of the neuroblast. The opposed opinion, that the nerve-fibre arises by
the fusion of a number of segments, is not in accord with the most recent embryou-
logical data. The motor neuroblasts within the spinal cord and the sensory cells
within the spinal ganglia send out processes of considerable thickness, which give rise
at their extremities to groups of fibrille. These increase in thickness and length
and, in turn, at their extremities give rise to new groups of fibrils. The latter proceed
at first as naked bundles, but soon become surrounded by the skeath-cells, which are



78 NORMAL HISTOLOGY.

of ectodermic origin, and enclose the young developing nerve. After a nerve has be-
come enlarged by the distal ingrowth of fibrils, the sheath-cells wander from the periph-
ery among the fibrillz, and thus give rise to a network that divides the original fascicu-
: -lus into a number of secondary
bundles. The interfascicular
cells increase rapidly, the
subdivision continues, and
the bundles of fibrilje be-
come progressively smaller
and more compact until,
surrounded by membranous
septa, they become the a.ris-
cvlinders of the individual
nerve-fibres, enclosed by the
neurtlemma and its cells,
The endoncurium appears
comparatively late and, un-
like the neurilemma, is a prod-
uct of the mesoderm. Later
condensations of the meso-
dermic tissue around the defi-
nite bundles of nerve-fibres
4 Fl(l'.. |c7.—;Po‘rtlovnlofl spintal cord of human er}l‘:br‘yo. s?g\:(ill_la and arounf:l the enlir'e nerve-
neuroblasts. X 3000 ( After Hish " B8 ougrowths from trunk provide the perincurium
and the epineurium respect-
ively. The medullary sheath is acquired comparatively late, since it does not appear
until about the fourth month of fetal life, some tracts within the central nervous axis,
indeed, not obtaining the medullary coat until
after birth. It is probable that formation of
the medullary substance is in some way influ-
enced by the axis-cylinder, resulting in the
deposit of the myelin droplets from the fluid
that surrounds the axial thread. Thus, the
axis-cylinder is derived from the ectoderm,
the neurilemma from the ectoderm, while &
the medullary sheath is indirectly from the
ectoderm.
The sensory ganglia develop from groups
of ectodermic cells that form a ridge, the gan-
glion-crest, on the margin of either lipof the
still open neural tube, just where the general
ectoderm passes into that lining the groove.
On closure of the latter, the ganglion-crests
fuse into a dorsal wedge-shaped mass that
becomes a centre of proliferation from which
cells migrate outwards over the dorso-lateral
wall of the tube. In consequence, a series of
segmentally arranged cell-aggregations ap-
pears on each side of the neural canal, these
collections being the rudiments of the later ko 10 Crassssection oftpart of dorsal
spinal ganglia. Within them certain cells soon region of human embryo, showing develop-
become fusiform and, assuming the role of ent of ;‘:('l'“in‘;ﬁgﬁ'l'a‘;";o‘{‘; ’;f'e';'rf);ds‘;ﬁf‘;i
neuroblasts, send out a process from each end. cord: dr, v», dorsal and ventral root-fibres of
TOne process, the axone, grows centrally, while i) ',’.‘:;L?er;e .‘;")‘ $&, spinal ganglion on dor-
the other, the dendrite, extends peripherally o

and becomes the chief part of a sensory neurone, the affercnt nerve-fibre. The
subsequent growth of the neurone is not symmetrical, but to one side, so that the two
processes approximate and, finally, join the cell-body by a common stalk, the neurone
being thus converted into an unipolar ganglion-cell. * The centrally directed processes,

dr

v

Sn—
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later the dorsal root-fibres of a spinal nerve, grow into the developing cord and enter
the immature white matter to end, when development is complete, at various levels in
relation with the neurones within the gray matter of the cord. The peripherally directed
processes, on the other hand, mingle with the axones from the motor neurones to form
the mixed nerves distributed to the various parts of the body. The essential parts of
the sensory neurones, the cell-body and the processes, are derivatives of ectodermic
elements, while the sheaths, whether of the nerve-cells, of the fibres, or of the entire
ganglion, are contributions of the mesoderm.

The sympathetic ganglia, which include essentially three sets—those of the gan-
gliated cords, those within the prevertebral plexuses, and those within the organs—are
direct descendants of the neurogenetic elements derived from the developing spinal
nerves. The earliest suggestions of definite sympathetic ganglia appear about the be-
ginning of the second fcetal month as aggregations of neuroblasts at the distal ends of
the visceral rami of the developing spinal nerves. From these cells are derived the
definite sympathetic neurones of the gangliated cords, as well as those which follow
the mesial ingrowth of the spinal fibres for the production of the prevertebral and the
terminal ganglia. The ganglia thus established constitute for atime a series of isolated
nodes. Subsequently these are connected by the differentiation of sympathetic axones
which grow from one young ganglion to the next and, in conjunction with the spinal
fibres, form the longitudinal strands of the gangliated cords. Other sympathetic neu-
rones send axones centrally and so assist in producing the efferent splanchnic nerves,
whilst still others send axones to accompany the growing efferent somatic spinal trunks.

NERVE-TERMINATIONS.

The terminations of the fibres composing the peripheral nerves—the
axones of certain motor neurones situated within the cerebro-spinal axis and
within the sympathetic ganglia and the dendrites of the reurones within the
" sensory ganglia—supply the apparatus by which the various structures are
brought into intimate relation with the central nervous system. Some of
these terminations convey impulses that produce various sensations (pain,
pressure, muscle-sense, temperature); others transfer impulses resulting in
muscular contractions. The nerve-terminations, therefore, may be grouped
according to function into sensory and motor endings.

SENSORY NERVE-ENDINGS.

Since the sensory endings are the more or less modified terminal arbor-

izations of neurones whose cell-bodies lie within the spinal and other sensory

- ganglia, such terminations are functionally the beginnings of the paths con-
ducting sensory stimuli to the central nervous
system. According to their relations to the sur-
rounding tissue, the sensory endings are broadly
grouped into free and encapsulated.

Free Sensory Endings.—These endings
include numbers of nerve-terminations found in
the skin and the mucous membranes, chiefly
within the epithelium but to some extent also
within the connective tissue, and between the )
fibres of voluntary muscle. As a rule, the SEnsory i coriermes o oy < idings
(afferent) nerve-fibres branch only to a limited ¢ral places nerve f('tt’;cisze [')"mi‘ _
degree until near their peripheral destination, oo
where they undergo repeated -division, always at a node of Ranvier and in
various directions. The medullary coat of the main fibre is retained until close
to its termination, although some of its branches may course as nonmedullated
fibres for a considerable distance before ending or entering the epithelium.
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and ridges of the connective tissue stratum of the skin and lic close beneath
the epidermis, with their long axises perpendicular. They are elongated
irregular ellipsoids, often somewhat sinuous in outline, and, in the larger
papille, two may be joined at- the deeper

ends to form a compound body. The

tactile corpuscles are relatively large,

being from 8o-150 1 long and about one-

third as broad. Depending upon its size,

each corpuscle receives from one to fdur

nerve-fibres, which usually enter in the

neighborhood of the deeper pole and, on

piercing the capsule and losing the med-

ullary coat, divide into a number of naked

axis-cylinders. These pass in parallel or

spiral windings, beset with varicose thick-

enings, between the flattened tactile cells,

the entire interlacement being embedded

within a semifluid substance and enclosed

by a thin nucleated fibrous capsule.

The End-Bulbs.—These endings
include a variety of irregularly spherical
or ellipsoidal bodies found in the edge of
the eyelid, the conjunctiva and corneal
margin, the lips and oral mucous mem-
brane, the glans penis and clitoridis and . . ) _—
probably other parts of the integument i, papills of corfum of skin from Fiiger: only
highly endowed with sensibility. In the gdeeper. ';';‘?;;‘;i‘er‘i’l‘lg:‘éﬁ;‘e{gﬁ:l"ﬁﬁgjs are
conjunctiva, they lie superficially placed
within the connective tissue near the summit of the papillee and folds, where
such elevations exist, but always close beneath the epithelium. They vary
considerably in size, often being small but sometimes measuring from so0-
100 £ in diameter. Usually a single ncrve-
fibre, exceptionally two or even more, enters
cach bulb, losing its medullary coat as it
pierces the thin fibrous capsule. Within the
latter the nerve, now represented by the naked
axis-cylinder, divides into from two to four
branches, which, after describing several an-
nular or spiral turns, give off varicose fibrils
that divide into the terminal threads, forming
an intricate maze within the semifluid sub-
stance (granular in preparations) enclosed by
the fibrous capsule.

The Genital Corpuscles.—Thesc end-
ings are most numerous (from one to four to
the square millimeter) in the deeper strata of
the corium covering the glans penis and clito-
F ] . ridis, but occur also in the skin of the neigh-

1G. 113.—Two end-bulbs of Krause . . e
from human conjunctiva. (Dogirt.) ~ boring parts of the genitalia. They are of
irregular oval or lobulated outline and from
.02—.35 mm. in diameter. They present the same general architecture
as the end-bulbs, but are larger and possess a somewhat thicker capsule
and contain a more intricate interlacement of the terminal nerve-fibrille.
6
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The latter are derived from the subdivision of two or three fibres that, after
losing their medullary coat, enter near the base of the corpuscle. The
fibrille are beset with varicose enlargements and club-shaped terminal
swellings. The fibrous capsule consists of several connective tissue lamelle,
possessing flattened nuclei, and encloses the semi-
fluid or granular substance in which the end-arbor-
izations are embedded.
In contrast to the foregoing end-organs, in
which the axis-cylinder subdivides into numerous
terminal threads disposed
as more or less elaborate
intertwinings, a second
group is distinguished by
the presence of a lamellated
capsule that encloses a cyl-
indrical core, the inner bulb,
containing the slightly

F1G. 114.—Genital corpuscle tecevl:
from integument of penis; nerve F1G6. 115 —Genital cor- branched ?.Xls cy 1 lndgr.
di»c'lides before piercing mpsu:le p;xfcle irorln integument These endmgs, of which
and terminates in intricate end- of human chitoris. X 350. Iy .
windings. (Dogrel.) (Worthmann.) the Pacinian corpuscle is

representative, are rela-
tively large and occur chiefly in the skin and the serous membranes.

A transitional form, connecting them with the spherical end-bulbs, is
the cylindrical end-bulbs. These are found in various parts of the
corium, the oral mucous membrane, and between the bundles of striped
muscle and of tendon. They are irregularly cylindrical, often somewhat
bent, and consist of a thin lamellated capsule that encloses a core of semi-
fluid substance in which is the centrally placed axis-cylinder. The latter,
after losing the medullary coat on entering the proximal pole of the cor-
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F1G6 116.—Cylindrical end-bulbs attached to sensory nerves in parietal peritoneum of man. (Dogiel.)

puscle, traverses the core with little or no branching until near the distal
pole, where it ends in a single or slightly subdivided terminal enlargement.

The Vater-Pacinian Corpuscles.—These structures, also called the
lamellated corpuscles, are large ellipsoidal bodies, from .5-1.5 mm. in length
and about one-third as much in breadth, situated within the connective tissue
in many parts of the body. In man they are found in the deeper layer of
the corium, especially in the skin covering the palmar and plantar aspects
of the fingers and toes and the nipple, in the connective tissue in the
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vicinity of the joints, in tendons, in the muscle-sheaths, in the periostcum,
in the tunica propria of the serous membranes (the parietal peritoneum,
the mesentery and the pleura), in the neighborhood of the pancreas and of
the oviduct. They are particularly large in the mesentery of the cat, where
they may be detected readily with the unaided eye as

oval pearly bodies, sometimes 4 2-3 mm. in length.
The most conspicuous part of the Pacinian cor-
puscle is the robust capsule that contributes almost

the entire bulk of the body
to three dozen thin concentric
lee. The opposed surfaces of
rated by a single layer of flat
tissue cells, whose nuclei ap-
enings along the concentric
vidual lamellze. The axis of
the Pacinian corpuscle is occu-
pied by a core of semifluid
substance, the 7nner bulb, in
which the naked axis-cylinder
is embedded. On joining the
proximal pole of the corpuscle,
the fibrous (Henle's) sheath
of the nerve-fibre blends with
the lamellze of the capsule,
while the medullary coat is
retained during the somewhat
tortuous path of the fibre F1G. 117.—Vater-Pacinian corpuscles from skin of finger;
through the capsule as far as CAa'PSI?lreg::)ugeI:é“ll‘ilIB;I.QIE'bﬂ:Iﬁ)‘.'erj(e ls;«;ct.wn; n, nerve entering
the core. At this point the

remaining envelope of the nerve-fibre disappears, the subsequent part of its
course, through the inner bulb, being as the naked axis-cylinder. At a
variable distance from, but often just before gaining, the distal pole of the
core, the axis-cylinder divides into from two to four branches, each of
which terminates in a slightly expanded end-knob. Sometimes shortly after
penetrating the capsule, the nerve-fibre splits into two or more axis-cylinders,
which then share in common the envelope of semifluid axial substance.

The Golgi-Mazzoni corpuscles, found in the corium of the skin on
the finger-bulbs and on the external genital organs, in the conjunctiva, and
in the peritoneum, are modifications of the ordinary Pacinian corpuscles.
They differ from the latter in being smaller and in possessing fewer lamelle,
a relatively larger core and a more branched axis-cylinder.

Mention may be made of the corpuscles of Herbst, which, on account
of their accessibility, are frequent objects of study. They are found in the
velvety skin covering the bill and in the tongue of water-fowl and are asso-
ciated with the Grandry’s corpuscles already mentioned. They closely
resemble the Pacinian bodies of mammals, but differ in being smaller, rela-
tively broader, and in exhibiting a double row of oval nuclei within the inner
bulb and around the axis-cylinder.

Neuromuscular Endings.—In addition to sensory nerve-fibres which
end between the muscle fibres as free terminal fibrils, voluntary muscle is
provided with special sensory end-organs, long known as muscle-spindles,
probably concerned in transmitting impulses that afford impressions as to
tension or ** muscle-sense.””  The neuromuscular endings lie within the con-

and consists of from one
connective tissue lamel-
the lamellee are sepa-
plate-like connective
pear as fusiform thick-
lines marking the indi-

B
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nective tissue surrounding bundles of voluntary muscle-fibres and are long
spindle-shaped structures, varying in length from 1—§5 mm. or more and in
width from .1-.3 mm. where broadest. They are
widely distributed, being present probably in almost
. all the skeletal muscles, and are especially numerous
Nerve in the small muscles of the hand and foot. They
have not been found in the muscles of the eye, some
of those of the face, those of the pharynx, the intrinsic
muscles of the larynx, some of the perineal muscles,

and the diaphragm.
Each muscle-spindle consists of a capsule, com-
posed of a few concentric layers of fibrous tissue, which
encloses a group of from three to ten, but sometimes

A

Intra. as many as twenty, striated
fusal B muscle-fibres, medullated

nerves, blood-vessels and in-

terspersed connective tissue.

These intrafusal fibres, as

the enclosed muscle-fibres

are called, differ from those

Sheath of the adjacent muscle in be-
ing much smaller in diameter

and length, markedly tapered

towards either end, more

coarsely but less distinctly

striated and in possessing

nuclei within the sarcous sub-

stance. The intrafusal fibres

. collectively are surrounded
siaxial by a thin special fibrous
envelope, the axial skeath,

between which and the

capsule lies a periaxial

lymph-space. Each spindle

receives usually several med-

4

Ordinary
T muscle-
e fibre

Fi1G. 118.—A, neuromuscular ending; B, neurotendinous .
ending in longitudinal section, methylene-blue staining. X FiG. 119.—Neuromuscular ending
260. (Drawn irom preparation made by Professor Huber.) in transverse section. X 370.

ullated nerve-fibres, which, after incorporation of their fibrous she'atl?s‘with
the capsule, pierce the latter at various points and proceed to the individual
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muscle-fibres.  After repeated division during their course through the
capsule and periaxial space, the nerve-fibres pierce the axial sheath, lose
their medullary coat and terminate either as one or more ribbon-like branches
that encircle the muscle-fibres in annular or spiral windings, or, after further
subdivision, as branched telodendria in which the fibrils end in irregular
spherical or pyriform swellings.

Neurotendinous Endings.—In their general architecture, these
end-organs resemble the muscie-spindles. They lie within the interfascic-
ular connective tissue, at the junction of the muscle and tendon, and are
probably present in all tendons, although in variable numbers. Like the
neuromuscular endings, the fendon-spindles, as they are often called, are
long fusiform structures, from 1.-1.5 mm. in length, surrounded by a
fibrous capsule. The latter encloses a group of from eight to twenty intra-
fusal tendon fasciculi, which are smaller and apparently less mature than
those composing the surrounding tendon-tissue. The intrafusal fasciculi
are invested by a fibrous axia/ skeath, between which and the capsule lies
a periaxial lymph-space. On reaching the spindle, after repeated branching,
the medullated nerve-fibres penetrate the capsule, with which their fibrous
sheaths blend, and undergo further division. The medullary coat is lost
after they pierce the axial sheath, the naked axis-cylinders then breaking up
into smaller fibrils that extend along the intrafusal fasciculi. The terminal
ramifications, applied to the surface of the fasciculi, vary in details. Some
arise as short lateral branches that partly encircle the fasciculi and end in
irregular plate-like expansions, while others terminate between the smaller
fasciculi. The tendon-spindles are probably concerned in appreciating the
degree of tension exerted by the pull of muscular contraction.

The terminal cylinders, or Rufini’s endings, are elongated slightly
fusiform end-organs, which supplement the fine sensory nerve-endings in
connective tissue. They lie at the junction of the corium and the sub-
cutaneous layer of the fingers and toes. They resemble somewhat the
tendon-spindles, being provided with a fibrous ‘'sheath which surrounds the
elaborate end-arborizations of the entering nerve-fibre. The latter, some-
times single but often double, loses its fibrous sheath on penetrating the
capsule, with which the sheath blends, and enters the connective tissue as a
naked axis-cylinder. This subdivides into numerous branches, which are
beset with irregular varicosities and end in small club-shaped expansions.

MoTor NERVE-ENDINGS.

The motor endings include (&) the terminations of the axones of neurones,
whose cell-bodies (nerve-cells) are situated within the motor nuclei of the spinal
cord and brain-stem, that pass to voluntary muscle ; (4) the terminations of
sympathetic neurones that end in involuntary muscle and (¢) in cardiac muscle.

Endings in Voluntary Muscle.—On approaching their peripheral
destination, the medullated efferent nerve-fibres branch repeatedly, each fibre
in this way coming into relation with a number of muscle-fibres. When the
medullated nerve-fibre reaches the muscle-fibre which it supplies, its medul-
lary coat abruptly ends and the neurilemma becomes fused with the sarco-
lemma, while the axis-cylinder passes beneath the sarcolemma to terminate
in an end-plate. The latter appears as an oval field, from 40-60 1 in its
longest diameter, which is applied to the surface of the muscle-substance.
In profile it often shows as a slight elevation. LEmbedded within a nucleated
sheet of granular protoplasm, the sole plate, lie the terminal arborizations of the
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axis-cylinder, formed of irregular varicosities and club-shaped ends. Usu-
ally each muscle-fibre is provided with a single motor end-plate, which may
lie at an equal or unequal dis-
tance from the ends of the fibre.
Exceptionally two end-plates are
found on one muscle-fibre, in
which case the end-organs usu-
ally lie near each other.
Endings in Involuntary
Muscle.—The terminations of

— = e End
plates
B F1G. 121.—Motor nerve-ending
in striated muscle; terminal ar-
F16. 120 —Motor nerve-endings in striated muscle; bundle borization of axis-cylinder lies
of nerve-fibres separates to supply the individual muscle-fibres. beneath sarcolemma embedded
X 135. in granular sole-plate. X 500.

the sympathetic axones supplying the nonstriated muscle are comparatively

. simple. The cell-bodies of the neurones contributing the immediate fibres
of distribution to visceral muscle usually occupy the
nodal points (microscopic ganglia) of plexuses within
the walls of the organs, from which bundles of non-
medullated nerve-fibres extend to and surround the
muscle-bundles.  Entering the latter, the nerve-fibres
divide into delicate varicose th.reads that pass between
the muscle-cells, parallel with their long axes. As they
course within the intercellular sub-
stance, the varicose fibrils give off
short lateral branches that end, as
does also the parent fibril, on the
surface of the muscle-cells in minute
terminal knobs.

Endings in Cardiac Mus-
cle.—These, also the terminations
of sympathetic neurones, include
varicose nerve-fibrils which may be
followed between the muscle-fibres.
During this course side branches arise
which, as well as the main fibril, ter-

. 1 2] 1 . F1G. 122 —Motor 4
minate on the muscle elements 1n ,,e?.e.e,,dmg in iln- 5.(—,, ,23‘_,\301“ nerve-
H < aruvt .1 voluntary muscle, ending in cardiac muscle.

endings of varying complexity. In yguman (Smirnow.)

some cases these are merely minute
simple end-knobs, resembling those in involuntary muscle; in other cases
they are more claborate and of a group of secondary fibrillee bearing nodular
endings, the whole recalling somewhat the motor end-plates in striated muscle.



THE VASCULAR SYSTEM.

THE vascular or circulatory system includes the organs immediately
concerned in conveying throughout the body the fluids which bring to the
tissues the nutritive substances and oxygen necessary for their metabolism
and carry away from them to the excretory organs the waste products formed
during metabolism.

The system is composed of two parts, the one consisting of organs in
which circulates the blood, while the organs of the other contain a colorless
or white fluid known as lymph or chyle. The former of these subsystems
is the blood-vascular system and the latter is the lymphatic system. Since,
however, the two systems communicate and the lymphatic system develops
as an outgrowth from the blood-vascular, it is evident that they are
intimately associated both anatomically and embryologically.

THE BLOOD-VASCULAR SYSTEM.

The blood-vascular system consists of (1) a system of canals known
as the élood-vessels, traversing practically all parts of the body, and
(2) of a contractile organ, the #keart, by whose contractions the blood
is forced through the vessels. The latter, in turn, are divisible into: (a)
the artsries, which carry the blood from the heart to the tissues; (4) the
capillaries, exceedingly fine vessels which form a network in the tissues; and
(¢) the zeins, which return the blood from the tissues to the heart.

General Structure of Blood-Vessels.—Although passing into one
another insensibly and without sharp demarcation, typical arteries, capillaries
and veins present such characteristic histological
nictnras that thoew ara readily distinguished.  All

the heart, possess an endo-
» constitute a distinct inner

A

R

F1G. 124.—A, endothelial lining of small artery after silver-staining. X 200. B, endothelial cells more
highly magnified. X 300.

coat, the funica intima, or, as in the capillaries, even the entire wall of the
vessel. Usually, however, the intima consists of the endothelium reinforced
by a variable amount of fibro-elastic tissue, in which the elastica predominates.
Except within the walls of capillaries, external to the intima lies a thick middle
coat, the funica media, composed of intermingled lamellze of involuntary mus-
«cle and elastic tissue and fine fibrous fibrille. Outside the media follows the
tunica externa or adventitia, which, although usually thinner than the middle
(87)
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coat, is of exceptional strength and toughness. It should be noted that the
endothelial tube is the fundamental and primary structure in all cases, the
other coats being secondary and variable according-to the size and character
of the vessel. The customary division of the wall into the three coats is
more or less artificial and in the larger vessels often uncertain.  The recog-
nition of an inner endothelial and an outer musculo-elastic coat frequently
more closely corresponds to the actual arrangement than the conventional
subdivision into the three tunics.

The endothelial lining of the arteries consists of clongated spindle-
shaped plates united by sinuous lines of cement substance, which, after
silver-staining, map out the contours of the cells with diagrammatic clearness
(Fig. 124). Within the veins, the endothelial plates are shorter and broader

Endothelium

. Intima Internal elastic
membrane

Involuntary muscle

Media
Elastic tissue
External elastic
membrane
Elastica
Adventitia

Vasa vasorum

F1G. 125.—Transverse section of artery of medium size. X 150.

than in the arteries. The demarcation of the endothelium into distinct cells
is less evident in the capillaries than in the larger vessels, in some cases a
continuous syncvtial sheet replacing definitely outlined plates. The presence
of small oval nuclei is readily demonstrated by suitable stains.

The involuntary muscle varies in amount from the imperfect single
layer of muscle-cells found in the arterioles to the robust muscular coat of many
lamelle in the larger arteries. It is relatively best developed in arteries of
medium size, where the muscle occurs in distinct broad or sheet-like bundles
between the strands of elastic tissue.  The component fibre-cells are short
and often branched and, for the most part, circularly disposed.  The distri-
bution of the muscular tissue is much less regular and constant in the veins
than in the arteries, since in many it is scanty, in some entirely wanting, and
in a few exeessive, occurring as both circular and longitudinal layers. The
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striated muscle found in the large vessels communicating with the heart
resembles that of the cardiac wall, with which it is continuous.

Connective tissue is represented in the arteries and veins by both
fibrous and elastic tissue. The former is present usually as bundles of white
fibres between the other components of the vessel-wall. The elastic
tissue is conspicuous in all arteries, save the smallest, and in many veins.
It presents all variations in amount from loose networks of delicate fibres
in the smaller vessels to robust plates and membranes in the largest arteries.
Within the intima of the latter, the elastic tissue often occurs as sheets
broken by pits and perforations, which are, therefore, known as fenestrated
membranes.

Nutrient blood-vessels are present in the walls of all the larger vessels,
down to those of 1 mm. in diameter, and provide nourishment for the tissues
composing the tubes. These vasa vasorum, as they are called, are usually
branches from some neighboring artery; their favorite situation is the external
coat, within which they break up into capillaries that, in the larger vessels,
invade the media, but never the intima. The blood from the vessel-wall is
collected by small veins that accompany the nutrient arteries, or, as in the case
of the veins, empty directly into the venous trunk in whose walls they course.

The lymphatics are represented by networks of surrounding canals
within the adventitia. In certain situations, conspicuously in the brain and
the retina, the blood-vessels are enclosed by lymph-channels, the perivascular
lymph-sheaths, that occupy the outer coat.

The nerves distributed to the walls of blood-vessels, except thosé of the
nervous substance of the brain and spinal cord in which nerves are wanting,
are numerous and include both efferent and afferent fibres. These form a
perivascular plexus around the vessel from which motor (sympathetic) fibres
pass to the involuntary muscle, while the sensory fibres end within the outer
and inner tunics. Special nerve-endings have been described in both the ex-
ternal and internal tunics.

The Arteries.—In cross-sections of arteries of medium size, after the
usual methods of preservation which cause some contraction of the vessels, the
intima presents a plicated contour, since it follows the foldings of the internal
elastic membrane. The latter appears as a conspicuous corrugated light band,
marking the outer boundary of the inner tunic. The lining endothelial cells
are so thin, that in profile their presence is indicated chiefly by the slightly
projecting nuclei. The endothelium and the elastic membrane are separated
by a thin layer of fibro-elastic tissue. The media, thick and conspicuous,
consists of circularly disposed flat bundles of involuntary muscle separated
by plates of elastic tissue. After the usual stainings, these plates appear
light and almost uncolored, but after selective dyes, as orcein, the elastica is
very conspicuous (Fig. 126). Delicate bundles of fibrous tissue lie among the
musculo-elastic strands. The outer boundary of the media is marked by a
more or less distinct external elastic memprane. The adventitia varies in
thickness, being relatively better developed in the medium sized arteries than
in the larger ones. It consists of bundles of fibrous tissue intermingled with
elastic fibres of varying thickness. Sometimes scattered bundles of longi-
tudinal muscle are present. The adventitia contains the nutrient blood-ves-
sels and the chief lymph-channels and blends with the surrounding areolar
tissue without sharp demarcation.

Followed towards the capillaries, the coats of the artery gradually
diminish in thickness. The elastic tissue becomes progressively reduced
until it entirely disappears from the middle coat, which then is a purely
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muscular tunic. Before the capillary is reached, the muscle is reduced to a
single layer of cells, which in turn gives place to groups of muscle-cells
that partially wrap around the vessel. After the disappearance of the muscle-
cells the blood-vessel has become a true capillary. The adventitia shares in

Intima

Internal
elastic
membrane

F1G. 126.—Transverse section of artery of medium size, stained to show elastic tissue. X 100.

the general reduction, and in the smallest arteries consists of only a few fibro-
elastic strands outside the scattered groups of muscle-cells.

In the large arteries chiefly the intima and media thicken. Although
the inner coat greatly increases and contains a large amount of fibrous tissue

F1G. 127.—Small arteries in which muscular coat is reduced to single layer of cells. X 150.

and elastica, a conspicuous internal elastic membrane, as seen in the smallest
vessels, is lacking. The character of the thickened media also changes, the
muscle being relatively reduced and overshadowed by the excessive amount
of fibro-elastic tissue, which confers a more compact and denser character to
the wall of the vessel. The adventitia, while proportionately thinner than
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in arteries of medium size, is also increased, and consists of robust fibres and
plates of elastica, many of which are longitudinal, and strong bundles of fibrous
tissue. Exceptionally, among the lower animals if not in man, scattered
bundles of involuntary muscle are found within the external tunic. In the
roots of the aorta and pulmonary artery, the media consists chiefly of striated

tima

Adventitia

Areolar
tissue

F1G. 128.—Transverse section of abdominal aorta. X go.

muscle resembling the myocardium with which it is continuous, both vessels
having been derived from the anterior segment of the primary heart-tube.

The Veins.—Although the walls of the veins are thinner than those
of the corresponding arteries, their thickness for veins of a given diameter is
not constant, owing to the frequent irregularity in the composition of the
tunics. In consequence of the smaller amount of muscular and elastic tissue
that they contain, veins are generally more flaccid and less contractile than
the arteries which they accompany. In veins of medium size, the 7nfima
consists of the lining endothelium, the cells of which are broad and short, a
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thin layer of fibrous tissue and networks of elastic fibres. A distinct internal
elastic inembrane is seldom present.  In some veins, as the cephalic, basilic,
mesenteric, iliac, femoral and saphenous, the intima contains bundles of
involuntary muscle. The media, the most variable coat of the vein-wall,
consists of circularly disposed thin sheets of muscular and fibro-elastic tissue,
reinforced by longitudinal strands of fibro-elastic tissue and, sometimes,
muscle. In certain veins, as the saphenous, deep femoral and popliteal,
these longitudinal strands constitute a distinct zone beneath the intima.
While in the larger veins the intima is only exceptionally' increased, as in
the hepatic portion of the inferior vena cava and the portal vein, the media
is often markedly thickened. This increase is due chiefly to excess of the
elastic and fibrous tissue, the muscle remaining proportionately scanty.

F1G. 129.—Transverse section of vein of medium size. X 250.

The splenic and portal veins, however, are particularly rich in muscular
tissue. On the other hand, the media may be almost wanting, as in the
greater part of the inferior vena cava and the larger hepatic veins, or entirely
disappear, as in the superior vena cava and in the veins of the pia and dura
mater, of the retina and of bone. The valves, with which many veins are
provided, consist of paired crescentic projections of the intima, covered on
both sides with endothelium. The two layers of endothelial plates are
separated by a thin stratum of delicate fibrous tissue, which contains a dense
network of elastic fibres beneath the inner endothelium.

The Capillaries.—The most favorable arrangement for efficient nutri-
tion is, manifestly, one insuring the passage of the blood-stream in intimate
relations with the tissue-elements and at a reduced rate of speed. These
requirements are met in the capillaries, whose collectively increased calibre
and thin walls favor slowing of the blood-current and the passage of the
plasma and oxygen into the surrounding tissues. The walls of the capil-
laries consist of only the lining plates, the entire vessel being in fact a delicate
endothelial tube. The cells composing the latter are elongated lanceolate
plates, possessing oval nuclei, united by narrow lines of cement substance.
Although the transition from the arterioles is usually gradual, the final
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disappcarance of the arterial muscle-cells marks the beginning of the true
capillaries. The passage of the latter into the veins is less definite, since
muscular tissue is wanting in both the capillaries and the smaller veins. In
the smallest capillaries, two endothelial plates may suffice to encircle the
entire lumen ; in the larger three or four cells may be required to complete
the vessel. Although preformed openings (stomata) in the walls of the
capillaries do not exist, the escape of leucocytes and, under certain condi-
tions, also of red blood-cells (diapedesis} and of small particles of foreign
substances, takes place between the endothelial plates. In some capillaries,
as in those of the choroid, liver or renal glomeruli, the usual demarcation of
the wall into distinct cells is wanting, the individual endothelial plates being
replaced by a continuous nucleated sheet or syncytium. When capillaries

Capillary

Arteriole

.

F1G. 130.—Capillaries arising from arteriole and ending in small vein; from the omentum. ~ 150.

course in dense fibrous tissues, not uncommonly the vessel is accompanied
by ensheathing delicate strands of connective tissue, the adventitia capillaris.

In certain organs, conspicuously in the liver, the ultimate blood-vessels
arise by the invasion and subdivision of the large primary blood-channel by
the developing tissue-cords. Such blood-vessels are known as sinusoids
(Minot) and differ from ordinary capillaries in connecting entering (afferent)
and emerging (efferent) vessels of the same nature, both being either venous
or arterial. Capillaries, on the contrary, establish communication between
arteries and veins. In consequence of the invagination and intergrowth
which takes place between the original blood-channel and the tissue of the
developing organ, the endothelium of the sinusoids has an unusually intimate
relation to the cords of tissue-cells, little or no connective tissue intervening.

The capillaries are arranged usually as networks, the component chan-
nels of which are of fairly constant diameter within a particular tissue.
During life, it is probable that none are too small to permit the passage of
the red blood-cells, while many admit two or even three such elements
abreast. Their usual diameter varies between 8 and 20 . The capillary
networks in various parts of the body differ in the form and closeness of their
meshes, since these details are influenced by the arrangement of the elements
and by the function of the structures supplied. Thus, in muscles, tendons
and nerves the meshes are elongated and narrow; in glands, the lungs and
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adipose tissue they are irregularly polygonal; in the liver-lobules they con-
verge; while in the subepithelial papille of the skin and mucous membranes
the capillaries commonly form loops. In general, the greater the functional
activity of an organ, the closer is its capillary network. Organs actively
engaged in excretion, as the kidneys, or in the elimination of substances
from the blood, as the lungs and liver, as well as organs producing substances
directly entering the circulation (organs of internal secretion), as the thyroid
gland, are provided with exceptionally rich and close networks.

THE BLOOD.

The fluid circulating within all parts of the blood-vascular system
consists of a clear, almost colorless plasma or liqguor sanguinis, in which are
suspended vast numbers of small free corpuscular elements, the élood-cells.
The latter are of two chief kinds, the colored cells or erythrocytes, and the
colorless cells or Jeucocytes. . The characteristic appearance of the blood is
due to the presence of hemoglobin contained within the erythrocytes which,
while individually only faintly tinted, collectively impart the familiar hue, as
well as a certain degrce of opacity. That the characteristic pigment is
limited to the cells is shown by the lack of color and transparency of the

plasma when examined under the
microscope, although to the unaided
eye the blood appears uniformly red
and somewhat opaque.
The Colored Blood-Cells.—
As usually seen, the mature colored
blood-cells, ervthrocries or red cor-
puscles, of man and other mammals
(except those of the camel family,
which are elliptical in outline) are
small biconcave circular nonnucleated
disks, with smooth contour and rounded
edges.  When viewed by transmitted
light, the individual “‘red’’ cells pos-
sess a pale greenish-yellow tint, and
only when they are collected in masses
F1G. 131.—Human colored blood-cells, spread into or in several lz}'\'"ers is the dlstmctl_ve
) Q\singlelayerauddricd. % 1000. blood-color evident. The pecullar
form of the corpuscle as ordinarily
seen—biconcave in the centre and biconvex at the margin—renders accurate
focussing of all parts of its surface at one time impossible, the cell
appearing, according to focal adjustment, either as a dark ring enclosing a
light centre or wice versa.  Viewed in profile, the disk presents a figure some-
what resembling a dumb-bell, the thicker margins of the cell being connected
by the thinner concave centre. Although the biconcave discoidal form of
the mammalian erythrocytes is the one ordinarily exhibited, there is evidence
for believing that within the circulation, during life and in carefully fixed
preparations, the red blood-cells are cup-shaped, similar to spheres more -
or less deeply indented.

The structure of the red blood-cell has long been and still is a subject
of dispute. According to one view, the cell consists of a soft tenacious
envelope enclosing a fluid contents containing the coloring matter, the hemo-
globin.  The other view regards the corpuscle as composed of an extremely
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delicate spongy stroma, containing the hemoglobin, but without a distinct
investing membrane. It seems probable that although no definite envelope
is present, in the sense of a distinct cell-wall, a peripheral condensation of
the semifluid and hemoglobin-containing stroma exists.

The average diameter of the discoidal red blood-cells of man is 7.8 p,
some corpusciez measuring as little as 4.5 »« and others as much as 9.5 .
Their thickness is about 1.8 ». The average diameter of the cup-shaped
corpuscles is 7 22 and their thickness 4 » (L.ewis). It is probable that the
average size is uninfluenced by sex and is constant for all races. The
number of red cells contained in one cubic millimeter of normal human blooa
is approximately 5,000,000 in the male and something less (4,500,000) in
the female. The number of corpuscles is practically the same whether the
blood be taken from the arteries, capillaries or veins, but is lower in.the
blood from the lower extremity than

from the upper, owing to the larger Fan P

proportion of plasma in the more NS NSO (L

dependent parts of the body. In ;| (4355 0 - - T

general, the red blood-cells of o B A

mammals are small and their size, :’C’§ e , T

which greatly varies in different ¥ =) o _ NG 7 ¢

orders, bears no relation to that of L P N

the animal. The corpuscles of man T R A

are among the largest and exceeded N 2 %A 7 i

by only those of the elephant (9.4 > SRR Lo

#) and of the two-toed sloth. The L J ",‘)“?j/,' » L

human cells are approximated in size Ay T T -

by those of some small mammals— : e d

guinea~pig (75 ,U.), dog (73 ,u), F1G. 132.—Human blood cor‘)uscles : two leucocytes
most of which are

rabbit (6.9 ). and cat (6.5 u). o among ihe red oo
Those of many familiar animals, as

the horse, hog, sheep and goat, are distinctly smaller. The smallest cor-
puscles (2.5 p) are those of the musk-deer. The positive recognition of
human blood, as differentiated from that of some of the domestic animals, by
measurement of the red cells, is uncertain and often impossible. The non-
nucleated mature red cells are the distinguishing characteristic of mammalian
blood, the red cells of the other vertebrates being nucleated and, with few
exceptions, large oval elements. The largest red cells are found’in the tailed
amphibians; those of the amphiuma are the largest known and attain the
gigantic length of 8o p.

After fresh blood has been distributed as a thin layer and allowed to
remain unshaken for some minutes, the red cells exhibit a tendency to
become arranged in columns, with their broad surfaces in contact, similar to
piles or rouleanx of coin. If the stratum of the blood be thin, the red cells
usually later separate, but they sometimes retain their columnar grouping.
The erythrocytes are very sensitive to reagents and conditions and readily
undergo change and distortion. Exposure to even a current of air often
produces conspicuous effects.  Alterations in form result from the action of
solutions of lower or higher density than that of the normal plasma. The
latter is conveniently substituted by a ** normal’’ (.85% ) solution of sodium
chloride. If the proportion of salt be reduced, the corpuscles swell, at first
losing their concavity, then assuming the spherical form, parting with their
hemoglobin and becoming colorless. When subjected to saline solutions
denser than the ‘“normal,”’ the exterior of the corpuscles becomes irregular
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and beset with knob-like projections, or crenafed,; increased concentration of
the solution leads to marked shrinkage and distortion, until the cells lose all
resemblance to their usual form. Certain reagents, as water, aqueous dilutions
of acetic acid and ether, promptly decolorize the erythrocytes by extraction
of the hemoglobin. Alkaline solutions completely destroy the red cells.
The Colorless Blood-Cells.—The colorless cells observed within the
blood are probably only incidentally, not genetically, related to the erythro-
cytes; further, they, in part at least, primarily circulate within the lymph-
vascular system, from which they are poured into the biood. They are not
confined, however, to the blood- and lymph-vessels, but occur also in bone-
marrow, lymphoid tissue and, as the ‘‘wandering cells,’”’ within the connec-
tive and epithelial tissues. Their distribution, therefore, is a very wide one.
When examined in fresh and unstained preparations, the colorless cells
or leucocytes appear as pale nucleated elements which, by their pearly tint
and refracting property, are readily distinguished from the much more
: numerous erythrocytes. Their shape
is variable, but when first withdrawn
from the body is usually irregularly
spherical or oval. When placed on
a warmed slide and maintained at
the temperature of the body, many
of the colorless cells exhibit amceboid
motion, whereby not only alterations
in their outlines but also changes in
their actual position are produced.
Although always present, the nucle-
us may be obscured by the overlying
cytoplasm; it is most distinct when
the cell is expanded, as when under-
F1G. 133.—Varieties of colorless blood-cells seen in going amceboid changes. A distinct

normal human blood ; . small lymphocytes; 4, large .
lymphocyte or mononuclear feucocyte: ¢, trans-  cell-wall is absent, although probably

itional leucocyte ; . polymorphonuclear leucocytes ; . .
¢, cosinophile; £, red cells. X goo. the most superficial zcne of cyto-
-plasm possesses slightly greater den-
sity. The size of the colorless corpuscles varies with the type of the cell, as
described below, but in general their diameter is larger than that of the
erythrocytes, being commonly from 10-12 #. Their number is much less
than that of the red cells, the usual ratio being about one colorless to six
hundred red cells. Even within physiological limits this ratio varies con-
siderably, from 5000 to 10,000, with an average of 7500, white cells being
normally found in one cubic millimeter of human blood.
After fixation and staining (see frontispiece), five varieties of colorless
cells may usually be distinguished in normal blood.! Two of these are

1Tt should be noted that the differentiation of these cells is founded upon not
onlz their morphological characters, but also the behavior of the granules embedded
within their cytoplasm when subjected to certain combination stains. A generation
ago Ehrlich divided the aniline dyes into three groups—acid, basic, and neutral. The
first includes such dyes as acid fuchsin, orange G or eosin, in which the coloring prin-
ciﬂle acts or exists as an acid and exhibits an especial affinity for the cytoplasm.
The second group, the basic stains, includes dyes, as hematoxylin, methylene-blue,
methyl-violet, methyl-green or thionin, in which the coloring principle exists chemi-
cally as a base in combination with a coloriess acid and particularly affects the chro-
matin; hence such are nuclear stains. Neutral dyes, l_ﬁproduced by mixture of
solutions of an acid and a basic stain, have a selective athnity for certain so-called
neutrophilic granules.
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known as Jymphocyles, in recognition of their origin from lymphoid tissue,
and the others as Jeucocytes. The genetic relations of these groups are still a
subject of discussion. According to one view, all forms of colorless cells are
derived from similar sources, the recognized varieties being only different
stages in the development of the same elements. The other view regards
the leucocytes and the lymphocytes as distinct in origin, the latter arising
within lymphoid tissue and the former chiefly within the bone-marrow.
A discussion of this mooted subject is beyond the purpose of these pages.
Suffice it to note, that facts coneerning the early development of these cells
lend support to the belief that there is a close primary relation between the
" two groups. .

If a thin film of blood be fixed by heat and stained with a ‘‘triacid
stain’’ the following varieties of colorless cells are distinguishable:

1. Small Lymphocytes.—These are distinguished by a large com-
pact deeply staining nucleus that occupies almost the entire cell. The
meagre cytoplasm, reduced to a mere narrow peripheral zone, is devoid of
granules. The small lymphocytes measure about 7.5 4 in diameter and
constitute from 20-30 per cent. of all the colorless cells.

2. Large Lymphocytes.—These are presumably older forms of the
preceding variety, from which they differ in their larger size (12-15 p)
and relatively small oval nucleus. The cytoplasm is nongranular and com-
paratively plentiful.

3. Large Mononuclear Leucocytes.—These elements, from 10-
15 # in diameter, exhibit clear pale nuclei, which are usually eccentrically
placed and oval or slightly indented. The cytoplasm, generous in amount,
appears uniform save for fine neutrophilic granules which are often present.

4. Polymorphonuclear Leucocytes.—These are by far the most
common type of white cells, of which they constitute approximately 70 per
cent. Their diameter is about 1o s, hence they are somewhat larger than
the erythrocytes. The cytoplasm is relatively abundant and contains fine
neutrophilic granules. The nuclei are very conspicuous on account of their
great diversity of form. At first sight they appear multiple, but on closer
examination are seen to consist of irregular nuclear segments connected
by delicate processes. Occasionally, however, two or more actually isolated
nuclei exist, in such cases the cells being truly polynuclear.

5. Eosinophiles.—The blood-cells of this type resemble the poly-
morphonuclear leucocytes in size (10 1) and in the lobulated form of their
nuclei.  Their distinguishing feature is the presence of coarse, highly
refracting granules within the cytoplasm that display an especial affinity for
eosin and other acid dyes. The eosinophiles are prone to rupture, the pale
nucleus then lying in the midst of a swarm of brightly tinged granules.

Mast-cells, with coarse basophilic granules, and the finely granular
basopkiles are other granular colorless cells that are occasionally observed, as
are also the myelocyfes derived from the bone-marrow. They are, however,
rarely present in normal blood.

The Blood-Plates.—In addition to the erythrocytes and colorless
cells, the blood of man, and perhaps of other mammals, constantly contains
small bodies, the élood-plates or plagues. They are exceedingly prone to
change, or indeed to disappear altogether, when exposed to the air; hence,
to insure their presence in an unaltered condition, the blood must be drawn
directly into a drop of .8 per cent. salt solution, or, still better, into one of
osmic acid solution. After such precautions, the blood-plates appear as
round or oval disks, from 2—4 2 in diameter, commonly somewhat less than

7
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one third the size of the red cells. They possess a minute chromatin mass,

the assumed equivalent of a nucleus, and are said to exhibit ameeboid move-

ments. They may be directly observed as free bodies circulating within the

blood-vessels. On withdrawal from the latter, without precautions for their

preservation, the blood-plates collect in irregular masses and undergo disin-

tegration, their remains often being centres from which radiate the threads

of fibrin. The blood-plates are supposed to assist in arresting hemorrhage.

They have been variously attributed to

F * disintegration of the leucocytes, to ex-

s @ trusion from the red cells, to destruction

of the endothelium of the vessels, and,

O recently by Wright, to fragmentation of

e long processes sent out by the giant cells

t (megakaryocytes) of the bone-marrow.

9 In view of their constant presence

and large normal quota—an average of

: 2 pr ] 400,000 or more in one cubic millimeter of

' PY O ° blood—none of these suggested sources
of the blood-plates seems satisfactory.

° : Granules.—In addition to the cor-

puscles and plates, extremely minute

B oo tnowing enthro- granules occur in varying numbers in

normal blood. The nature of these par-

ticles differs. Some, but probably not in human blood, are finely divided

- fat; others, known as Aemaloconia, are of uncertain composition but are

not fatty; while still others are probably derived from the disintegration

of the endothelial and blood-cells. The destruction of the latter accounts

for the constant presence of minute particles of pigment.

Blood-Crystals.—The chief constituent of the red cells, the hemo-
globin, probably exists within the corpuscles as an amorphous mass in com-
bination with other substances, from which it must be freed by solution
before crystallization occurs. After solution, or ‘‘laking,’’ as it is termed,
the coloring matter of the blood, in the form of oxyhemoglobin, separates
into microscopic crystals, usually elongated rhombic or rectangular plates.
On mixing dried blood with a few grains of sodium chloride and a small
quantity of glacial acetic acid, and heating until bubbles appear, minute
brown crystals are formed in large numbers. These are kemin crystals and
derived from the reduction of hemoglobin. They indicate only the
presence of blood and are valueless in differentiating the blood of man from
that of other animals. In blood-clots of long standing, minute crystals of
hematoidin often appear as yellowish-red plates.  This substance is likewise
a reduction-product of hemoglobin.

After death, or upon standing after withdrawal from the body, blood
undergoes coagulation, whereby the corpuscles become entangled among the
innumerable delicate filaments of fibrin. In microscopical preparations of
fresh blood, the fibrin appears after a time within the plasma in the form
of innumerable delicate threads, which cross and interlace in all directions
and radiate from centres marked by groups of blood-plates. The entangle-
ment of the corpuscles in the fibrin-net results in the production of a dark-

. red, jelly-like mass, the élood-clot or crassamentum, that separates from the
surrounding clear straw-colored fluid, the serum. In stained sections, the
white cells within the clot are readily identified as deeply tinted bodies,
particularly along the free border.

¥
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DEVELOPMENT OF THE BLOOD-VASCULAR TISSUES.

The Blood-Vessels.—The earliest blood-vessels within the embryo
are networks of delicate channels within the mesoderm. The large vessels
of the trunk arise by consolidation and fusion of the axial portions of the
network; the extension of the smaller vessels occurs by the growth and
conversion of the mesodermic cells with which the primary blood-tubes are
intimately connected. The development of new vessels proceeds from the
cells constituting the walls of the preéxisting channels. These walls consist
of delicate endothelial plates from which pointed sprouts grow into the
surrounding tissue. These outgrowths are at first solid, but later become
hollowed out by the gradual extension of the lumen of the parent vessel.

F16. 135.—Developing blood-vessels in embryonal subcutaneous tissue; a, large capillary; 3, young
capillaries ; ¢, solid protoplasmic outgrowths forming new vessels. X 300. )

All vessels consist at first of a single layer of endothelial cells. This sim-
plicity persists in the capillaries, while the walls of the larger vessels become
reinforced by additional layers differentiated from the surrounding mesoder-
mic tissue.

The Erythrocytes.—The first, and for a time the only, blood-cells
within the embryo are the primary erythroblasts derived from the meso-
dermic elements within the angioblastic areas, the dlood-islands. These cells,
separated by the colorless plasma which appears between them and in which
they henceforth float, undergo mitotic division and produce nucleated ele-
ments, the primary erythrocyles, that, in turn, give rise to similar corpuscles.
The earliest erythroblasts are relatively large round nucleated cells, whose
cytoplasm is faintly granular. Their large nuclei contain networks of chro-
matin.  For a time the cytoplasm is colorless, but soon becomes tinged with
hemoglobin. From the primary blood-forming cells, the kemoblasts, later
arise large erythroblasts, the megaloblusts. These are succeeded by smaller
nucleated cells, the secondary erythroblasts or normoblasts, which are formed
chiefly within the capillaries (and possibly surrounding tissues) of the
liver and, probably, to a limited extent within the spleen. The nuclei of the
normoblasts are not only of smaller size than those of the primary blood-
cells, but denser and much more compact. By mitotic division, the normo-
blasts give rise to the young nucleated erythrocytes, which lose their nuclei
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leucocytes, as insisted on by Ehrlich and his supporters, based on- the
assumption that the leucocytes originate exclusively within the bone-
marrow, is open to challenge. As shown by Ebner, all the typical forms
of white cells, including the polymorphonuclear leucocytes, appear before
the differentiation of the earliest bone-marrow. It is not improbable, there-
fore, that all forms of the white cells are related genetically and traceable to
common ancestors.

THE HEART.

In principle, the heart is a modified blood-vessel, formed by the fusion
of two heart-tubes and converted into an efficient organ for propulsion by the
unusual development of muscular tissue within its walls. As are the walls
of the larger arteries, so also is that of the heart composed of three general
layers. The inner of these. the endocardium, consists of an endothelial lining
and fibro-elastic tissue. The middle layer, the myocardium, contributes by
far the greatest bulk of heart-tissue and is made up of intricately arranged

F1G. 138.—Section of endocardium. X 325.

sheets of cardiac muscle and fibro-elastic tissue. The outer layer, the epicar-
dium, the visceral layer of the pericardium, is a stratum of fibro-elastic tissue,
covered externally, except at the base where the great vessels join the heart,
with endothelium.

The Endocardium.—The endocardium follows all the irregularities
of the interior of the heart, lining every recess and covering the free surfaces
of the valves, tendinous cords and papillary muscles. It consists of a single
layer of endothelial plates and the underlying connective tissue. The latter
contains scattered strands of involuntary muscle and is rich in elastic fibres.
The elastic tissue occupies particularly the deeper parts of the endocardium,
being almost wanting beneath the endothelium, and in the auricles or atria,
where it is most abundant, may be condensed into fenestrated membranes.
The deepest layer of the endocardium blends with the connective tissue of
the subjacent myocardium.

The valves of the heart are essentially duplicatures of the endocardium,
strengthened in their thicker parts by fibro-elastic tissue. In the case of the
atrio-ventricular valves, this tissue is continuous with the dense fibrous rings
(annuli fibrosi) to which the leaflets are attached. Towards the free margin
of the valve, the lavers are blended and reduccd to a thin fibrous stratum
covered on both sides by endothelium.  Strands of nonstriated muscle occur
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near their attached borders, while the fibro-elastic tissue of the chorda ten-
dinez is continuous with the middle layer. The semilunar valves guarding
the aorta and the pulmonary artery correspond in their general structure
with the other valves, although muscle in them is wanting. At the periphery
and in the central thickenings or nodu/i of the leaflets, the elastic tissue is
particularly rich. Within the folds guarding the orifices of the inferior vena
cava and of the coronary sinus, the interendothelial connective tissue is an
inconsiderable layer, which, in the case of the Eustachian valve, is sometimes
further reduced by absorption resulting in a fenestrated condition of the leaflet.
The Myocardium.—The middle layer of the heart-wall, the myocar-
dium, is composed of a close elongated network of muscle-fibres, the inter-
muscular spaces of which are filled with connective tissue. The latter
corresponds to an endomysium and, within the ventricles, contains only
a small amount of elastic tissue, except around the openings of the valves.
In these locations, dense plates

N of fibrous tissue (annuli fibrosi)

% encircle the valvular orifices

and contain many elastic fibres,
as well as give attachment
to the strands of cardiac mus-

Muscular tissue

Fibro- cle. The histology of cardiac
o of muscle has been described
valve elsewhere (page 55) and

need not here be considered.
Although as ordinarily seen

Endo. in microscopical preparations,

thelium the fibro-muscular sheets that
compose the myocardium seem
to follow no particular arrange-
ment, it has been shown that
in the architecture of the heart
they are disposed according
to a definite but complex
plan. For a description of
thisarrangement, however, the
reader must be referred to

Chordre - the systematic text-books of

anatomy.
FiG. xag.—lnngitudin\?;l ::.Cﬁ;n ’:f leaflet of tricuspid In addition to the ordi-

: nary fibres of cardiac muscle,
. the subendocardial layer of the myocardium in many places, especially in the
ventricles, contains peculiar fibres, distinguished by their large size, pale color
and abundant sarcoplasm, with a corresponding lessening in the number of
contractile fibrillee. These have long been known as Purkinje fibres and
were regarded as immature and imperfectly differentiated muscle-elements.
Their significance, however, has only recently been recognized. They are
now regarded as the terminal part of an elaborate system of special muscle-
fibres, whose probable function is the coordinative connection of the auricular
and ventricular musculature, that otherwise are distinct and unconnected.
The most evident part of this system is the definite atrio-ventricular bundle,
which, beginning in the auricular wall in the vicinity of the coronary sinus,
passes from the auricular septum, over the attachment of the posterior
leaflet of the tricuspid valve, into the pars membranacea septi; here dividing
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into a right and left limb, the bundle continues into the interventricular
partition.  Although distinct and compact during this course, at its two
ends the atrio-ventricular bundle breaks up into radiating and interlacing.
strands, which form an intricate network composed of Purkinje fibres. The
latter disappear among the elements of the myocardium by gradual transition
into the ordinary fibres of cardiac muscle. The Purkinje fibres ramify not
only within the main walls of the heart-chambers, but also invade the tra-
_becula (columnze carnez) and papillary muscles of the ventricles. For a
time muscular throughout their length, the papillary muscles become trans-
formed into the fibrous chordz tendinez in the segments attached to the
valves. These fibrous cords often contain .considerable elastic tissue which
is continuous with the fibro-elastic layer of the valve-leaflets.

The Epicardium.—The external layer of the heart-wall, the epicar-
dium, corresponds in its general structure with other parts of the pericar-
dium. It consists, as do other serous membranes, of a single layer of endo-
thelial cells that covers the free surface of the heart and rests upon a stratum
of fibro-elastic connective tissue. The elastic fibres are very fine and
namerous and form a dense network immediately beneath the endothelium.
Those within the auricular epicardium are prolonged into the adventitia of
the great veins, while the elastic fibres of the ventricular covering end before
reaching the aorta and pulmonary artery. Where not separated from the
muscle by subserous fat, which may bs abundantly ‘present even in normal
hearts, especially in the auriculo-ventricular and the interventricular
grooves, the epicardium is intimately attached to the subjacent muscular
coat. The numerous branches of the coronary vessels, as well as the nerve-
trunks and the microscopic ganglia connected with the coronary plexuses,
lie beneath the epicardium or within its deepest layer.

Blood-Vessels.—The unusually generous vascular supply of the heart
includes the branches derived from the coronary arteries and the capillaries.
The former ramify beneath the epicardium and are, to some extent, end-
arteries, that is, arteries which do not directly anastomose with their neighbors.
Although both the epicardium and the deepest layer of the endocardium
contain small vessels destined for their tissues, it is to the heart-muscle that
the blood is chiefly directed. The larger vessels of the myocardium course
within the more robust tracts of connective tissue, giving off the twigs which
resolve into the capillary networks. These exhibit elongated meshes, similar
to those seen in voluntary muscle, which enclose the muscle-fibres. The re-
lation of the capillaries to the individual fibres is most intimate, since in many
places the capillaries are received in grooves, or almost tunnels, in the muscle-
substance. The valves are devoid of blood-vessels, with the exception of
those accompanying muscular tissue within the bases of the auriculo-ventric-
ular leaflets.

The lymphatics of the heart are represented by the numerous lymph-
spaces within the connective tissue between the muscle-bundles, and by the
more definite lymphatic vessels. The latter form two sets, a network within
the deepest layer of the endocardium and a network beneath or within the
epicardium. These networks communicate with the larger lymphatic vessels
which lie in the auriculo-ventricular groove.

The nerves are many and contributed by the vagus and the sympathetic.
They include both medullated and nonmedullated fibres which form the cor-
onary and many small subsidiary plexuses. ~Scattered in these superficial
plexuses lie numerous nerve-cells, sometimes singly but often collected into
microscopic ganglia. They are especially plentiful around the orifices of the
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great veins opening into the auricles, a vicinity corresponding to the upper
end of the atrio-ventricular bundles, and over the upper parts of the ventricles.
Nerve-fibres and ganglion-cells have been demonstrated within the atrio-
ventricular bundle. The distribution-twigs contain both efferent (motor)
and afferent (sensory) fibres. The immediate motor fibres supplying the
heart-muscle, whose axis-cylinders end on the surface of the muscle-fibres
usually in minute swellings (page 86), are probably exclusively the axones of
sympathetic neurones, since itis doubtful whether the vagus fibres extend be-
yond the cell-bodies of such neurones, which they enclose in terminal arbor-
1zations. The sensory fibres, at least in part from the vagus, are distributed
to the epicardium, endocardium and the connective tissue of the myocardium.
Within the epicardium especially and to a limited degree also in the other
layers, the afferent fibres are connected with endings which resemble the neu-
rotendinous spindles.

The Pericardium.—The parietal pericardium corresponds in its gen-
eral structure to that of the visceral portion, the epicardium, above described.
Its free surface is covered with a single layer of endothelial plates, which rest
on the connective tissue layer. The latter consists of fairly dense fibrous
tissue, intermingled with fine elastic fibres, which form a close network imme-
diately beneath the endothelium. Where not intimately attached to the
pleura, a much looser subserous layer of fibro-elastic connective tissue is
present. This, as well as the outer part of the pericardium, contains a vari-
able amount of adipose tissue. The 8/ood-vessels and nerves of the pericar-
dium are comparatively few ; some of the nerves, which are chiefly afferent,
are connected with Pacinian corpuscles. The Jymphatics are represented by
interfascicular lymph-spaces and more definite channels within the connective
tissue. The lymphatics beneath the endothelium possess thin walls and stand
in intimate relation to the pericardial sac, particles passing between the endo-
thelial plates into the lymph-channels although no preformed openings or
stomata exist. -

Development of the Heart.—A systematic account of the formation
of the heart is beyond the purpose of these pages. Suffice it to note, that,
very early in the young embryo, two heart-tubes are folded off in the visceral
layer of the mesoderm. These tubes, at first entirely separate, gradually
approach the ventral mid-line and eventually fuse, a single heart thereby
arising. The wall of the latter, as well as of the primary tubes, consists of
two layers, separated by a distinct space. The inner of these layers is com-
posed of a single strand of very delicate mesodermic (mesenchymal) ele-
ments, which become the lining of the heart; it is, therefore, known as the
endothelial heart and lies within the outer myocardial layer of the heart-wall
as a shrunken cast within a mould. The outer layer is, from the first,
thicker and exhibits a tendency to form trabecule, the resulting myocardium
being for a time loose and spongy. Later, the two layers of the heart-wall
come into contact, when the endothelial stratum becomes applied to the
irregular surface of the myocardium, every ridge and pocket of which
receives an investment of endothelium. The subsequent consolidation
which the heart-walls undergo brings about the effacement of the primary
spongy texture of the myocardium, except within the innermost zone, where
the ridges and bands of the column:z carnew remain throughout life as the
manifestations of the primary condition. During these changes, the mesen-
chyma of the trabecule differentiates into the syncytium, from which arise
the myofibrils of the later heart-muscle (page 61), and into the connective
tissue filling the interstices between the network of muscle-fibres. The
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structural peculiarities of the cardiac fibres, as contrasted with those of
ordinary striated muscles, indicate a less complete differentiation in the heart-
muscle, this being particularly true of the Purkinje fibres. These charac-
teristics are probably correlated with the exceptional activity that the
heart-muscle is called upon to

endure, since, as seen in the . — Neural

‘‘red’’ muscles (page 59), a ¢ N
lower degree of histological
differentiation  favors pro-
longed exertion, although at
the expense of rapidity of
contraction. The valves are
formed from cushion-like
thickenings of the mesenchy-
ma. Those surrounding the
primary efferent vessel, the
truncus arteriosus, lead to
the subdivision of this tube
into the aorta and the pul-
monary artery and, likewise,
to the formation of the three
leaflets of the semilunar
valves. In the case of the
auriculo-ventricular  valves,
the septal leaflets are formed
from the endocardial cush- F1G. 140.—Transverse section of early rabbit embryo %asa-
iOHS, which appear on the :?:gd :‘l';:g:li‘g‘:\izc;;xggt.he;t;,s.showmg venous segment behind
surfaces of the partition (sep-

tum intermedium) that divides the auricular canal, the channel connecting the
primary auricular and ventricular segments of the heart. The other leaflets
of these valves are derived from the walls of the auricular canal, a process of
undermining partially freeing portions of the innermost layer of the heart-
wall. These overhanging plates are connected, however, with the ven-
tricular myocardium by strands of tissue, the later papillary muscles. The
latter for a time are entirely muscular, but later the muscle-tissue disappears
near the valve-leaflet and the bands are converted into the fibrous strands,
the chord tendinez.

THE LYMPHATIC SYSTEM.

The lymphatic or lymph-vascular system consists of an almost uni-
versally present system of channels, some of which are definite tubes, the
lymphatic vessels, and others uncertain and often illy defined -clefts, the
lymph-spaces, between the bundles of connective tissue. The vessels con-
tain the Zymph, a fluid usually colorless and containing numerous corpuscles,
the Jymphocytes. - Since the latter are familiar as one of the chief types of
colorless blood-cells, they are described in connection with the.blood (page
96), in which they circulate. Although the lymph is ordinarily clear, that
within the lymphatics leading from the intestines appears, especially during
digestion, more or less milky, in consequence of the lymph-cells being
loaded with particles of fat which they have taken up from the intestinal
contents. For this reason these intestinal lymphatics are often termed
lacteals. The lymphatics resemble the veins, from which, indeed, they
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probably originate, and into which they finally pour their contents. They
arise from capillaries, have walls closely resembling in structure those of the

Lymph-vessel

Deeply stained
ground-
substance

FI1G. 141.—Portion of central tendon of rabbit’s diaphragm, treated with silver nitrate ; lymphatic vessels
are shown as light irregular tracts ; lymph-spaces are seen within stained groundaui:slance. X 120.

veins, and are provided with many valves. On the other hand, the lym-
phatics form a system
which is closed, except
where the two chief trunks
open into the subclavian
veins, the capillaries be-
ginning as blind channels.
The most striking feature
of the lymph-paths, how-
ever, is the presence along
the vessels of more or
less conspicuous masses
of lymphoid tissue, the
lymph-nodes, often mis-
called lymphatic ‘‘glands’’
(lympho-glandule).
Lymph-Spaces. —
These spaces exist practi-
cally in all structures of
the body, for the most
part, however, as the in-
F1G. 142.—Perivascular lymph-spaces surrounding retinal blood- terfascicular clefts within
vessels. X a25. connective tissue. The
lymph-spaces are filled by a clear watery fluid, the tissue-juices, and are
imperfectly lined by flattened connective tissue cells, The spaces present
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great variations in size. In some localities, as within the nervous tissues, they
surround even individual cells; in other places they are represented, in princi-
ple at least, by large cavities, since the subdural and subarachnoid spaces, the
chambers of the eye, the channels of the internal ear occupied by the peri-
lymph, the synovial sacs of the
joints, and, indeed, the great serous
cavities—the pericardial, pleural and
peritoneal sacs—are all regarded as
belonging to the lymph-spaces.
Although a conclusion not beyond
discussion, the lymph-sacs are now
believed to form a closed system of
intercommunicating channels, which,
while in intimate relation with the
lymphatic capillaries, do not actually
open into the latter. In many local-
ities, however, the spaces and capil-
laries are separated by only delicate
partitions which allow the passage
of fluids, and also of lymphocytes,
from the tissue-spaces into the
lymph-vessels. Within the adventi-
tious coat of certain blood-vessels, ~ F. 143—Transverse section of small lymph-
conspicuously those of the retina, ’
the surrounding lymphatic channels constitute perivascular lymph-spaces.

The Lymph-Vessels.—The definite lymph-paths include the capi/la-
ries and the vessels. The lymphatic capillaries are arranged in networks, vary-
ing in closeness and complexity, and resemble in structure the blood-capil-
laries, consisting of a single layer of endothelial plates. They differ from

the blood capillaries in being usu-
ally much greater in calibre and less
regular in size (30-60 1), larger
and smaller capillaries, often beset
with irregular constructions and
enlargements, being indefinitely
interspersed.
vave 0‘. 'IPhe more formal lymph-chan-
nels, the lymphatics, as they are
commonly called, which arise from
the networks of lymph-capillaries
Endothelium and convey the lymph ultimately
to the subclavian veins, closely
resemble the veins in arrangement
and structure. The larger lymph-
vessels (from .5 mm. and upwards)
possess walls consisting of three
coats, which are much like those
of the veins. These include: (a)
the intima, composed of the endothelial lining and a thin layer of fibro-
elastic tissue; (&) the media, made up of circular involuntary muscle inter-
spersed with connective tissue and few elastic fibres; and (¢) the adventitia,
consisting of fibro-elastic tissue-and, sometimes, of longitudinal bundles of
smooth muscle. The numerous valves are essentially folds of the intima.

F1G. 144.—Section of lymphatic, showing valve. X 180.
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Lymphoid Tissue.—Wherever found, whether as diffuse masses,
simple nodules, or as the larger and complex lymph-nodes, lymphoid or
adenoid tissue is composed of two chief constituents—the supporting con-

FIG. 145.—Simple lymph-nodule from large intestine.
X 120.

nective tissue reffcze/um and the
lymphoid cells contained within
the meshes of the reticulum.
The latter varies in the thickness
of the component fibres and the
size of its meshes, but in the
denser types of lymphoid tissue,
asin the periphery of the solitary
nodules and in the cortical folli-
cles and medullary cords of the
lymph-nodes, it is so masked by
the innumerable overlying cells
that only after removal of the
latter can the supporting frame-
work be satisfactorily demon-
strated. The reticulum is modi-
fied connective tissue (page
22), upon the surface of whose
trabecule, particularly at the
points of juncture, flattened con-
nective tissue cells are closely
applied. Where of exceptional
delicacy, the reticulum is formed
almost entirely by the anasto-
mosing processes of the stellate
connective tissue cells. The
lymphoid cells are exceedingly

numerous and closely packed and present the characteristics of the lympho-
cytes in the blood, this resemblance being explained by the fact that such

blood-cells are derived from the lymphoid
tissues.

The simple lymph-nodules, vary-
ing in size but seldom more than 2 mm.
in diameter, are irregularly spherical or
ellipsoidal masses of lymphoid tissue, in
which a denser peripheral zone encloses
and blends with a less compact core.
Within the latter, which being of looser
texture appears as a lighter central area,
usually are seen lymphoid cells in various
stages of mitotic division.  Such foci are
known as germ-centres and indicate the
birthplaces of many new lymphocytes.
Although the limits of the lymph-nodules
are commonly imperfectly defined by a
condensation of the surrounding connective
tissue, a distinct capsule is wanting.

F1G. 146.—Portion of lymph-nodule show-
ing details of germ-centre. > 280.

Definite lymph-channels are found

neither upon the surface nor within the simple nodules; the latter are
provided, however, with a generous network of capillary blood-vessels.
Intermediate in complexity, between the simple nodules on the one hand
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and the typical lymph-nodes on the other, stand such structures as Peyer’s
patches and the faucial tonsils, in which groups of simple nodules are blended
into a single organ, the component nodules only partially retaining their
individuality.

The lymph-nodes are flattened oval or bean-shaped bodies, from a few
millimeters to two centimeters or over in length, that are scattered along the
lymphatic vessels, some-
times singly but often in
chains or groups. On
nearing a node, the lymph-
vessel divides into a num-
ber of stems, the afferent
vessels, which enter the
substance of the node and
communicate with the cap-
illary network within its
interior. From the latter
other channels, the eferent
vessels, arise and emerge
from the node at a point
usually, but not always,
marked by a slight de-
pression, the Ai/um. The
lymph-nodes are invested
by a distinct fibrous capsule,
in which elastic fibres and occasional unstriped muscle are present. From
the inner surface of this envelope, the fibro-elastic tissue is continued into
the substance of the node in the form of numerous radially directed trabeculz,

F1G. 147.—Diagram illustrating architecture of lymph-node.

Germ- Fat Lymph-sinus Capsule

F1G. 148.—Section of small lymph-node through hilum. X 23.

which thus subdivide the other zone, or corfex, into a series of compartments.
On reaching the inner limit of the cortical zone, the trabeculae are less
regular and freely anastomose, thereby breaking up the deeper parts cf the
node, the medulla, into uncertain cylindrical compartments. The spaces
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. thus imperfectly defined by the trabecula are incompletely filled by masses
of compact lymphoid tissue, the general form and arrangement of which
correspond to the compartments in which they lie. The masses contained
within the peripheral spaces are irregularly spherical or pyramidal and
constitute the cortical nodules ; those within the intercommunicating central
compartments form a network of irregular cylinders, the medullary cords,
which are continuous with one another and with the deeper part of the
cortical nodules (Fig. 148).

The intervals between the tracts of lymphoid tissue and the trabecular
framework constitute a system of freely communicating channels, the Jymph-
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Lymphsinus
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F1G. 149.—Portion of periphery of lymph-node, showing relation between trabecula, sinus, and lymphoid
tissue. X so.

stnuses, through which slowly passes the lymph brought to the node by
the afferent lymphatic vessels. The latter pierce the capsule on the convex
surface of the node and open into the sinuses that partially surround the
cortical nodules.  After traversing the peripheral sinuses, the lymph passes
into the irregular channels of the medulla and finally escapes from the node
through the efferent lymphatics, which usually emerge at the hilum, if one
be present, on the surface of the node opposite to the entrance of the efferent
vessels. The lymph-sinuses, therefore, are bounded on one side by the
capsule or trabeculee and on the other by the masses of dense lymphoid-
tissue. The lumen of these channels, however, is not free, but occupied by
a delicate wide-meshed reticulum consisting of fine strands of connective
tissue where most marked, or of the anastomosing processes of stellate cells
where very delicate. The sinuses are lined by an imperfect layer of flattened -
plate-like celis, that represent the endothelium of the adjoining lymphatic
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vessels.  Although both the afferent and efferent lymphatics are provided
with valves close to the node, no such folds occur along the sinuses. The

F16. 150.—Portion of medulla of lymph-node, showing details of lymph-sinus and medullary
cords. X 250.

passage of the lymph through the node is retarded by the reticulum within
the sinuses, thus favoring the entrance of the young lymphocytes from the

F1G. 151.—Cross-section of small lymph-node, injected to show rich vascular supply. X 10.

bordering lymphoid tissue into the sluggishly moving lymph-stream. Germ-
centres, the particular foci for the production of lymphocytes, usually are
present within the cortical nodules, but are not found in the medullary cords.
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The blood-vessels for the nutrition of the lymph-nodes are numerous.
Some pierce the surface of the node at various points and are distributed to
the capsule and the trabecule; most, however, enter through the hilum.
After following for a short distance the trabeculae, the arterioles cross the
sinuses and enter the cords and nodules of the denser lymphoid tissue,
within which they break up into rich capillary networks.

The nerves enter the lymph-nodes at the hilum, in company with the
blood-vessels. They include both medullated and nonmedullated fibres, but
are chiefly sympathetic fibres destined for the involuntary muscle of the
vessels and of the capsule.

Hemolymph Nodes.—In addition to the ordinary lymph nodes,
there occur in various regions, especially in the prevertebral region of the

abdomen, structures which
resemble lymph-nodes in
form and size, but differ
from them in the deep red
color which they usually
exhibit. These bodies are
known as the hemolymph
nodes. Their distinguish-
ing feature is the substitu-
tion of blood-channels for
the usual lymph-sinuses,
which, in the typical hem-
olymph nodes, may be en-
tirely wanting. The path
of the blood resembles that
within the spleen, since the
blood-cells escape from the
. imperfectly walled vessels
into the lymphoid tissue
and thence pass into the
blood-sinuses and on to
the veins. Inmany cases,
however, the substitution
of the lymph-sinuses by

blood-spaces is not com-
F1G. 152.—Modified lymph-node, containing enlarged blood-ves- | l’rl) .
sels and approac mg type of hemolymph node. X 120. plete, the sinuses occupy-

ing the central parts of
the node with the spaces at the periphery. All gradations, in fact, are
encountered, from the typical hemolymph node at the one extreme to a
lymph-node with enlarged blood-vessels on the other. While these nodes
share in the production of lymphocytes, they are probably seats of destruction
of the erythrocytes, whose remains are scen in the phagocytes.
Development of the Lymphatic System.—The /Amph-vessels
probably arise from the veins by a process of budding, similar to that fol-
lowed in the extension of the blood-vessels. The first lymphatics appear
along the course of the internal jugular vein, as a series of outgrowths from
that vessel. These spaces fuse to form a lymph-channel accompanying the
vein, other lymphatics arising in a similar manner in connection with the
subcardinal, mesenteric and azygos veins. The various channels thus
formed unite to form a continuous system, which later acquires new connec-
tions with the subclavian veins near their junction with the internal jugulars.
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The origin of the first lymph-cells, the lymphocytes, is uncertain (page 100),
these elements appearing outside the vessels as derivatives of the mesoderm.
After the establishment of the lymphoid tissue, new cells are continually
being formed within the various lymph-nodes and nodules. The Jymph-nodes
are formed by two fundamental parts, the lymphoid element, consisting of
lymphocytes in a reticulum surrounding the terminal artery and its capilla-
ries within the cords and germ-centres respectively, and the sinus-element,
represented by channels resulting from multiplication of the lymph-vessels.
The vascular factor is constant and present in the simplest nodule; the sinus-
element, on the contrary, varies, sometimes (as in the usual node) being
developed from closely packed lymph-ducts, and at other times (as in the
hemolymph nodes) being venous channels occupied by blood. By the sub-
sequent intergrowth of the lymphoid element and the greatly multiplied
lymph-capillaries, the intervening bridges of connective tissue are reduced
until only a reticulum remains, the lymphoid tissue being brought ultimately
into intimate relation with the surrounding sinus. !

THE SPLEEN.

The spleen lies far back on the left side in the abdominal cavity, between
the stomach and the diaphragm, and measures approximately five inches in
length and about three inches in width. Its form is variable and greatly in-
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F1G. 153.—Diagram illustrating architecture of a splenic unit; splenic pulp is represented in only one
compartment. (After Mall.)

fluenced by the surrounding organs, since its substance is soft and yielding.

It contains large quantities of blood and, hence, appears of a dark red or

purple color. The spleen may be classed as a huge hemolymph node, pos-

sessing the functions of producing lymphocytes and destroying erythrocytes.
The spleen is enclosed by a distinct capsule, which consists of bundles

of dense fibrous tissue, numerous elastic fibres, and sparsely distributed bundles

of unstriped muscle. With the exception of the hilum, the area between
8
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the peritoneal folds at which the splenic vessels and nerves enter or leave the
organ, the outer surface of the capsule is united with the serous membrane,
the peritoneum, which almost completely invests the spleen. At the hitum
the tissue of the capsule is continued into the organ and supports the blood-
vessels and nerves. The capsule, furthermore, gives off from its deeper sur-
face numerous processes, the frabecule, which pass into the substance of the
organ and break up into innumerable delicate prolongations that unite to
form the supporting fibrous framework. This framework is arranged with
a certain degree of regularity, since the trabeculz subdivide the spleen, at
least its peripheral zone, into fairly regular compartments, the splenic lobules
of Mall, about 1 mm. in diameter. [Each of these units is imperfectly
defined by three #nterlobular trabecule, from which secondary intralobular
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F1G. 154.—Section of spleen uunder very low magnification, showing general arrangement of splenic
tissue. X Io.

processes penetrate the lobule and subdivide the latter into about ten primary
compartments. These, as well as the lobules themselves, are not isolated, but .
freely continuous, since the intervening trabeculae and processes form only
incomplete partitions. The spaces within the fibrous framework are filled
with the highly vascular lymphoid tissue, known as the splenic pulp.

The relation of the blood-vessels to the splenic lobules, although com-
plex, is very definite. The branches of the splenic artery, after entering at
the hilum and running some distance within the trabecule in company with
the larger veins; break up into smaller vessels, each of which, parting from
the vein, enters the proximal end of a lobule, through the middle of which it
courses, giving off twigs, one for each primary compartment of the lobule.
On leaving the trabecul, the arteries carry with them prolongations of con-
nective tissue, which, with the adventiticze of the vessels, surround the latter
with fibro-elastic coats of considerable thickness. Within these envelopes
local accumulations of lymphoid cells (lymphocytes) occur and in conse-
quence the arteries are surrounded by spherical or fusiform masses of dense
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lymphoid tissue, the splenic nodules or Malpighian bodies. Depending upon
the plane of section, these nodules appear in preparations of the spleen as
irregular round or elongated deeply staining tracts, in which the artery
usually lies somewhat eccentrically. During its course through the nodule,
the artery gives off lateral branches which are resolved into capillaries that
pierce as well as supply the ensheathing lymphoid tissue.

The terminal twigs of the artery are the small short vessels, known as
the pulp-arterioles, which enter the anastomosing strands of lymphoid tissue,
the pulp-cords, that, together with the blood-spaces, constitute the splenic
pulp occupying the intervals of the fibrous framework. After repeated
branching, the pulp-arterioles give rise to arterial capillaries possessed of
relatively thick walls. The further course of the blood-stream probably
varies, since some of the arterial capillaries become directly continuous with
enlarged thin-walled channels, the empulle or splenic sinuses, which lie

F1G. 155.—Section of splenic nodule, showing its relations to surrounding pulp-tissue. X 120.

between the pulp-cords and convey the blood into the wide venous capillaries
that constitute the commencement of the more definite intralobular veins.
Other of the arterial capillarfes and the capillaries coming from the splenic
nodules lose their walls, the blood escaping into the splenic pulp, which
" thus becomes infiltrated with great numbers of erythrocytes and consequently
appears of a deep red tint. After slowly welling through the pulp, during
which passage the effete erythrocytes are attacked and destroyed by the
phagocytic lymphoid cells, the blood passes by narrow channels into the
venous spaces and radicles forming the intralobular veins. It is probable,
therefore, that while one part of the blood brought to the spleen finds its
way actually into the splenic pulp, another part may pass, by a closed path
and under usual conditions, from the arteries into the veins, without ming-
ling with the lymphoid elements of the splenic pulp. The 7ntralobular veins
are tributary to the larger 7nterlobular veins, which occupy the interlobular
trabecule and, finally, emerge at the hilum as the branches of the splenic vein.
The splenic pulp consists of an intricate complex made up of a deli-
cate supporting reficulum, continuous with the terminal ramifications of the
intralobular trabecul®, and the cells contained within and supported by the
meshwork, together with the thin-walled splenic sinuses and venous chan-
nels. The pulp-cells include a variety of elements, the most constant of
which are: (a) lymphocytes; (4) leucocytes of the mononuclear and poly-
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morphonuclear types; (¢) red blood-cells; (d) phagocytic cells containing
disintegrating red-cells or pigment particles derived from the destruction of
the same; and (¢) large multinucleated cells. A variable amount of free
pigment from the disintegrated red cells is also present. During embryonic
life, and perhaps later in response’ to unusual demands for new red blood-
cells (as after severe hemorrhage), the spleen is the birth-place of new
red cells; these are at first nucleated, but soon lose their nuclei. The ele-
ments forming the imperfect endothelial lining of the ampulle or splenic si-
nuses are peculiar in being elongated and possessed of nuclei which project
into the lumina of the channels. They are sometimes called splenic fibres
and are said to be contractile. The reticular tissue is disposed around the
splenic sinuses and venous radicles in rings which probably support and
prevent collapse of the delicate channels. The splenic nodules correspond
in structure with the cortical nodules of lymph-nodes and often enclose
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F1G. 156.—Section of spleen, showing details of pulp-tissue. X 300.

germ-centres. Since within the spleen the worn-out erythrocytes are
destroyed and new lymphocytes are produced, it is evident that the blood
carried away from the organ by the splenic vein is poorer in red and richer
in white cells than that brought by the splenic artery.

The lymphatics are represented by a meagre set of superficial vessels,
which lie beneath the serous membrane and converge towards the hilum.

The nerves, derived from the sympathetic solar plexus, include many
nonmedullated fibres. For the most part they are sympathetic fibres des-
tined for the unstriped muscle within the walls of the blood-vessels and
within the trabeculze. They enter at the hilum and accompany the branches
of the splenic artery. Delicate nonmedullated fibres have been described
within the splenic pulp, some of which are presumably sensory in function.

Accessory spleens are common, but they are not all of the same
significance. Some are isolated parts of the spleen, which have become
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constricted and eventually separated. Others are seemingly independent
masses of splenic tissue, Not a few have no splenic nodules and are inter-
mediate between the spleen and the lymph-nodes, and, probably, are to be
classed as hemolymph nodes.

As a matter of convenience, mention may be made at this place of two
organs—the carofid and the coccygeal bodies—concerning whose functions
little or nothing is known. The systematic position of these structures is at
present uncertain, but, from its histological characteristics, the carotid
body is probably to be regarded as closely related to or, in a sense, an
appendage of the system of sympathetic nerves, whilst the coccygeal body
may be included, with seeming propriety, with the organs of internal secre-
tion. Their grouping and description here, therefore, must be understood
to be a matter of convenience and expediency and not an attempt to define
their true relations.

THE CAROTID BODY.

This organ, also known as the glomus caroticum, carotid gland and
ganglion intercaroticum, is a small ovoid body measuring usually about
5 mm. in length, from 2.5-4 mm. in width and about 1.5 mm. in thickness.

sel

F1G. 157.—Section of carotid body of adult man ; one entire lobule is shown. X 170.

It may attain a length of 7 mm. and exists on both sides. Its most frequent
position is on the median and deep side of the upper end of the common
carotid artery in close relation with the point of division of the latter vessel
into the external and internal carotids. -The body usually lies not within the
bifurcation, but rather on the inner side of the common carotid, so that its
form and relations are best displayed by dissection from within outwards.
The body is surrounded by a thin fibrous capsule, from which delicate
septa penetrate inwards and divide the organ into a small and uncertain
number (5-15) of spherical masses or lobules, from .2—.5 mm. in diameter.
which consist of a complex of blood-vessels, nerve-fibres and peculiar cells.
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‘The latter are irregularly disposed as clumps or cell-balls and occupy the
interspaces within the close network of large capillaries which ramify among
the cells. The characteristic elements of the carotid body are the polygonal
cells, about 10 # in diameter, with large round nuclei. Their protoplasm is
finely granular and is especially prone to change, being best preserved in
solutions of chromic acid salts. When so treated, they take on the peculiar
yellow color entitling them to be classed as chromaffine cells. The large
number of nerve-fibres within the carotid body is remarkable. They are
mostly nonmedullated and are derived chiefly from the neighboring sympa-
thetic plexus surrounding the carotid artery. After entering at different
places, they ramify within the organ in all directions, the finest filaments
being lost among the groups of cells. The penetrating nerve-trunks usually
enclose typical ganglion-cells and, in a sense, the chromaffine cells likewise,
since the nerve-fibres surround the groups of these elements.

In view of (1) the identity of its elements with other chromaffine cells,
which are now recognized as closely associated with the sympathetic system
in other localities, as in the medulla of the suprarenal body, (2) its extraor-
dinary richness in nerve-fibres, (3) its general resemblance to a sympathetic
ganglion, and (4) its direct development from embryonal sympathetic gan-
glion-cells, Kohn concludes that, since the carotid body is néither a gland nor
a typical ganglion, it must be regarded as accessory to the sympathetic
system and, in recognition of this relation, proposes the name paraganglion
caroticum for the organ. Concerning its function nothing is definitely
known.

The blood-vessels supplying the carotid body are branches which pass
directly from either the common carotid artery or its terminal branches.

THE COCCYGEAL BODY.

This organ, also often called the glomus coccygeum, coccygeal gland, or
Luschka’s gland, is a small reddish yellow ovoid body which lies embedded
in fatty areolar tissue usually immediately in front of the tip of the coccyx,
but sometimes just below. The dimensions of the organ are small, its
transverse and greatest diameter being from 2.5-3 mm. and its thickness
less than 2 mm. It sometimes is divided into two or even more tiny lobes.
The body thus described is, however, only the largest of a series of nodules
which includes a variable number of structures, for the most part of minute
size, irregularly grouped around the chief mass (Walker). The additional
nodules are in many cases connected with the principal body by means of
delicate pedicles; in others they are entirely free, but in all instances they
are grouped around the middle sacral artery or its branches.

The body, as seen in transverse sections (Fig. 158), includes an irreg-
ularly oval field of connective tissue, fairly well defined from the surrounding
fatty areolar tissue, in which are enclosed numerous aggregations of epi-
thelial cells and, sometimes, a thick-walled artery. The proportion of cell-
masses to the connective-tissue stroma varies, in some cases the cellular
constituents predominating, but commonly the fibrous stroma being the more
bulky. The individual cell-groups are uncertainly circumscribed by a slight
condensation of the surrounding fibrous stroma. Each aggregation of cells
contains a central blood-space, limited by an endothelial wall similar to that
of a capillary. Against this wall the epithelial cells lie without the interven-
tion of connective tissue; likewise the cells themselves are closely packed in
direct apposition with one another and in consequence present a polygonal
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contour. They are disposed around the central vessel in from two to five
layers, the individual cells being indistinctly outlined and composed of clear
protoplasm containing a relatively large and deeply-staining nucleus. Con-
cerning the mooted question as to the presence of chromaffine cells within
the coccygeal body, the testimony as to their absence seems convincing.
The cells at no period exhibit the chrome-reaction, and have no histogenetic

Capillaries

F1G. 158.—Section of coccygeal body of adult man. X 220.

relation to the sympathetic system. On the other hand, the epithelial char-
acter of the cells, their intimate relation to the blood-vessels, and the absence
of excretory ducts, seem to justify the inclusion of the coccygeal body, at
least provisionally, among the organs of internal secretion.

MUCOUS MEMBRANES AND GLANDS.

The apertures of the digestive, respiratory and genito-urinary tracts on
the surface of the body mark localities at which the integument becomes
continuous with the walls of cavities and passages communicating with the
exterior. The linings of such spaces and tubes constitute mucous mem-
branes. The latter, however, not only form the free surface of the chief
tracts, but are continuous with the ducts and tubes leading into the glands,
which are secretory appendages developed as outgrowths from the mucous
membranes. These membranes line two great tracts, the gastro-pulmonary
and the genito-urinary.

THE MUCOUS MEMBRANES.

Every mucous membrane comprises two distinct parts : the epithelium,
which forms the immediate free surface and protects the delicate subjacent
structures, and the funica propria, a counective-tissue stroma which gives
place and support to the terminal branches of the blood-vessels and nerves
and the beginnings of the lymph-channels. A stratum of submucous tissue,
ordinarily loose and extensible, usually connects the mucous membrane with
the surrounding structures.
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The epithelium may be squamous or columnar, simple or stratified.
Its character is determined largely by the conditions to which it is subjected
or by its function. Thus, where a mucous membrane is exposed to the
mechanical influences of foreign bodies, the epithelium is commonly strati-

mna

F1G. 159.—Section of oral mucous membrane, showing epithelium and tunica propria. x 300.

fied squamous, as in the upper part of the digestive tract. = Where concerned
in facilitating absorption, as in the intestinal tube, it is simple columnar in type.
In localities in which the existence of a current favors the function of an
organ, either as a means of freeing the surface from secretion or particles of
foreign matter, as in the respiratory tract, or of propulsion through a tube,
’ as in the oviduct, the epi-

T thelium is of the ciliated

columnar variety. Modi-
fications of the epithelial
cells, owing to the presence
of pigment 6r of secretion,
distinguish certain mucous
membranes, as those of the
olfactory region and the
large intestine respectively.
The tunica propria
consists of a stroma of inter-
lacing bundles of fibro-
elastic connective tissue,
supporting spindle-shaped
or stellate connective tissue
cells. The latter commonly
lie against the walls of the
interfascicularlymph-spaces
that occur between the bun-
dles of stroma-tissue. In many localities the outer surface of the tunica
propria is beset with elevations, the papillz, over which the epithelium
extends. When slight, such irregularities may not modify the free surface
of the mucous membrane, since the epithelium completely fills the depres-
sions between the elevations. When more pronounced, the papille or
folds of connective tissue produce conspicuous modelling of the surface,

F1G. 160.—Section of mucous membrane of cesophagus. X 55.

.
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as seen in the papillee-of the tongue or the ruge of the vagina. The papille
contain the terminal loops of the blood-vessels and many of the endings of
the sensory nerves. Where increase of surface is desirable, the mucous

‘membrane may be thrown into cylindrical elevations, or vz//z, as conspicuously

seen in the small intestine. In many places, particularly in the digestive
tract, the mucous membrane contains more or less definite accumulations
of lymphoid tissue, of varying size and complexity, as exemplified by
the lymph-nodules within the vermiform appendix and the Peyer patches
within the ileum. A more or less definite line separates the epithelium
from the subjacent tunica propria. This demarcation is the dasement
membrane or membrana propria. Often the basement membrane appears
as a mere line beneath the epithelium and is then, probably, due to the
apposition of the bases of the epithelial cells. Where, as around glandular
tissue, it is well developed and appears as a definite homogeneous membrane,
it is a product of the tunica propria. Exceptionally a reticular structure
is recognizable. Sometimes the deepest stratum of the mucous membrane,
next the submucous layer, is occupied by a narrow sheet of involuntary
muscle, the muscularis mucose. While not everywhere present, it is well
developed in the intestinal tract and in places consists of two distinct strata,
a circular and a longitudinal. The muscularis mucosz belongs to the
mucous membrane and must not be confounded with the muscular coat
proper which is often a conspicuous additional tunic.

The submucous layer, the stratum of areolar tissue connecting the
mucous membrane with the underlying structures, varies in thickness and
density. Usually the attachment is a loose one and readily permits changes
in position and tension of the mucous membrane; the latter, under such
conditions, is often thrown into temporary folds or ruge, as in the cesoph-
agus and stomach. In other places the folds are permanent and not effaced
by distention of the organ, as conspicuously demonstrated by the plications
in the duodenum in which the submucous tissue forms the basis. of the band-
like elevations.

The blood-vessels supplying mucous membranes reach the latter by
way of the submucous tissue, in which the larger arterial branches divide
into twigs that pass into the mucosa. Within the deeper parts of the tunica
propria the arterioles break up into capillaries forming subepithelial and
papillary networks, the vascular loops being limited to the connective-tissue
stroma. The veins usually follow the arteries in their general course.
When glands are present, the capillaries surround the tubules or alveoli
with rich networks, in close relation with the basement membrane. The -
lymphatics within the mucous membrane are often represented by lymph-
spaces between the bundles of stroma-tissue. Towards the deeper parts of
the mucosa, however, more definite paths exist as thin-walled channels
which converge towards the submucous tissue. Within the latter the
lymphatics form networks, provided with valves and beset with the accom-
panying dilatations.

The nerves distributed to mucous membranes include medullated and
nonmedullated fibres derived from the cranial or spinal trunks and the
sympathetic ganglia. The pale sympathetic fibres are destined for the invol-
untary muscle of the stroma and of the blood-vessels and for the glands.
The immediate supply of the involuntary muscle-cell is always the efferent
fibre (axone) from the sympathetic neurone, which is thus the last link in
the chain conducting the motor impulse. The position of the sympathetic
cells varies, in some cases being remote and in others close to the muscle
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supplied. 'When near the mucous membrane, they occupy the mlcroscoplc
ganglia within the submucous layer. Surfaces highly endowed with sensi-
bility are generously provided with twigs containing medullated fibres.
As the latter approach their destination, they lose their medullated char-
acter and, as naked axis-cylinders, form subepithelial plexuses from which
fibrils pass into the papille, where some terminate in free or special end-
ings.  Others enter the epithelium and penetrate between the cells for
a variable distance to end free, for the most part, in minute bulbous
swellings.

F1G. 161.—Section o( injected oral mucous membrane ; the terminal capillary loops occupy the papillee of
the tunica propria. X 6o.

THE GLANDS.

Glands are essentially outgrowths from the epithelium of mucous
membranes, the epithelial elements becoming modified into gland-cells
which assume the réle of secretion-forming organs, whose products are
discharged on the free surface and keep the latter moist. This last pur-
pose, however, is incidental in the case of many important glands, as the
parotid, pancreas or liver, since these organs supply secretions for partic-
ular ends.

The simplest type is the unicellular gland found in the lower forms; in
principle this is represented in man and the higher animals by the goblet-
cells which occur in profusion in mucous membranes covered with columnar
epithelium. The viscid secretion, or mucus, poured out by the goblet-cells
"serves to protect and lubricate the surface of the mucous membranes. The
term ‘‘gland,’”’ however, commonly implies a more complex organ, com-
posed of an aggregation of secretion-producing cells enclosed within connec-
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tive tissue and provided with ducts and blood-vessels. The application of
“the term to lymph-nodes is undesirable, since these structures do not secrete.
Further, designating such organs as the thyroid, parathyroid and suprarenal
bodies as ‘“ductless glands’’ seems less satisfactory, from the view-point of
accurate terminology, than grouping them as ‘‘organs of internal secre-
tion.”” Only those organs which produce secretions that are carried off
through definite openings or ducts are entitled to the term gland.

Glands are classified according to their form into two chief groups, the
tubrlar and the alveolar, each of which occurs as simple or compound. In
many instances, however, no sharp distinction between these conventional

F1G. 162.—Diagram illustrating types of glands. a-¢, tubular; /-, alveolar or saccular. a, simple; 8,
coiled ; ¢, d, increasingly complex compound tubular; ¢, tubo-alveolar; /, simple; g, A, i, progressively
complex compound alveolar.

groups exists, some important glands, as the salivary, being in fact a
blending of the two types; such glands are, therefore, appropriately called
tubo-alveolar.

In the least complex type, the simple tubular, the gland consists of a
cylindrical depression lined with epithelium continuous with and covering
the adjacent surface of the mucous membrane, as an outgrowth of which it
is developed. In such simple glands the two fundamental parts, the fundus
and the duct, are seen in their primary type. The fundus includes the
deeper portion of the gland, in which the epithelium has assumed the secre-
tory function, the cells becoming larger and more spherical. The distinction
between spongioplasm and the intervening substances is usually marked in
consequence of the particles of secretion (metaplasm) stored up within the
meshes of the spongioplastic reticulum; hence the latter is often strikingly
displayed. The duct connects the fundus with the free surface and carries
off the secretion produced by the gland-cells. It is lined with cells that take
no part in secretion and retain for some distance the character of the adjoin-
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ing surface epithelium. Dilation of the fundus of the primitive type produces
the simple alveolar or saccular gland; division of the fundus and part of the
duct gives rise to the compound tubular variety; repeated subdivision of the
duct, with moderate expansion of the associated terminal parts, leads to the
production of the tubo-alveolar type.

Simple tubular glands may be minute cylindrical depressions of
almost uniform diameter, as the crypts of Lieberkiihn in the intestine, or
they may be somewhat wavy and slightly expanded at the fundus, as seen in
the gastric glands towards the cardiac end of the stomach. When torsion
becomes very pronounced, as in the sweat-glands, the coi/ed gland results.

Compound tubular glands present all degrees of complexity, from a
simple bifurcation of the fundus and adjoining part of the duct, as in the
pyloric glands, to the elaborate duct-system ending in tubular terminal

divisions, conspicuously exampled
“ Opening on in the kidney.
mucous membrane Tubo-alveolar glands, mod-
ified compound tubular, constitute
Main duct a very important group comprising
many of the chief secretory organs
of the body, as the salivary glands.
Interlobarduct  They are made up by the repetition-
of similar structural units, differences
in the size of the organs depending
upon the number of associated units.
Each unit corresponds to the groups
of terminal compartments, or alveol,
connected with a single ultimate
division of the duct-system. The
‘ alveoli or acini contain the secreting
Intermediate duct  cells and are limited externally by
a basement .membrane, often well
developed, which supports the glan-
dular epithelium and separates the
latter from the perialveolar blood-
] L . vessels that surround the alveolus.
B et i L vy b v g duct The alveoli belonging to the same
terminal duct are held together by
delicate connective tissue and constitute a pyramidal mass of glandular tissue,
the primary lobule. The primary lobules are assembled into larger groups,
the secondary lobules, which in turn are united by the interlobular connective
tissue as the /odes of the gland. The lobes are held together more or less
firmly by the interlobar areolar tissue continuous with the general fibrous
envelope or capsule, which invests the entire organ and separates it from the
surrounding structures.

The interlobar tissue and its interlobular continuations contain the blood-
vessels, lymphatics and nerves supplying the gland and, in addition, the major
part of the system of duct-tubes. In the larger glands the ducts constitute an
elaborate system of passages arranged after the general plan shown in the
accompanying diagram (Fig. 163). Traced from the alveoli, the duct-
system begins as a narrow canal, the inlermediate duct, lined with low
cuboidal or flattened cells directly continuous with the glandular epithelium
of the alveoli. After a short course the intermediate tube increases in
diameter and becomes the intralobular duct, which is often conspicuous on

Interlobular duct

lntralo!;ular duct

Beginning of duct
Terminal alveolus
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account of its tall and sometimes striated epithelium. The further path of
the excretory passages lies within the connective tissue separating the
divisions of the glandular substance and embraces the inferlobular and the
- tnterlobar ducts. The latter join to form the usually single main excrefory
duct which opens on the free surface of the mucous membrane. The excre-
tory duct is lined for some distance by cells resembling those covering the
adjoining mucous membrane; where these are stratified squamous in type,
this character is retained for only a short distance within the duct, gradually
giving place to the simple, sometimes at first double, layer of columnar epi-
thelium which extends as far as the intralobular ducts. The walls of the
larger ducts consist of a fibrous coat, containing much elastic tissue and lined

F1G. 164.—Section of tongue, showing alveoli of serous and mucous types of glands. X 60.

by epithelium; in the large glands, as in the parotid, liver, pancreas, or
testicle, the walls are strengthened externally by a layer of unstriped muscle.

The glandular epithelium lining the alveoli rests upon the basement
membrane and usually consists of a single layer of spherical or polygonal
secreting cells. The latter do not completely fill the alveolus, but leave an
intercellular cleft-like lumen into which the product of the cells is poured and
from which the secretion passes into the beginning of the duct. Depending
upon the peculiarities of the cells and the character of their secretion, glands
are divided into serous and mucous. It should be noted, however, that in
many glands both serous and mucous cells occur, either within adjoining
primary lobules, or, indeed, within the same alveolus.

The serous glands are distinguished by cells which are distinctly
granular, somewhat pyramidal, and provided with nuclei situated near the
centre. The secretion elaborated by such glands is thin and watery. The
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general appearance of the cells depends upon the number and size of the
particles or droplets of secretion stored within their cytoplasm and changes
markedly with the variations of functional activity of the gland. When a
serous gland is at rest, its cells are loaded with secretion and appear, therefore,
larger and coarsely granular.  After active function, on the other hand, the
cells are exhausted and appear smaller and almost free from granules, often
exhibiting a differentiation into a clear outer zone, devoid of granules, and a
darker inner zone, next the lumen, in which secretion-granules still remain.
The mucous glands elaborate a clear viscid homogeneous secretion,
which when present in quantity, as during rest, distends the cells, crowding
the nuclei against the basement membrane and giving the cells a clear
and transparent character.
When loaded and distended
with secretion, the transpar-
ent cells have well-defined
outlines and a narrow
peripheral zone containing
the displaced nucleus and
granular cytoplasm. After
prolonged activity, the ex-
hausted cells contain rela-
tively little secretion, hence
the threads of spongioplasm
are no longer separated
but near together. In con-
sequence, the cells lose their
transparency and become
smaller, darker and more
, granular than when the

gland is resting.

The alveoli of mixed
mucous glands often contain
crescentic groups of small
cells lying between the usual
large clear elements and the
basement membrane (Fig.
165). These are the demi-

. ) ) lunes.  Although opinions
F1G. 165 et o o e, £land, showing serous cells  differ as to their nature, itis
probable that ordinarily they
are aggregations of serous cells. In order to afford means of escape for their
secretion, since the serous cells are excluded from the lumen of the alveolus by
the mucous elements, minute intercellular channels, the secrefion-canalicul,
pass from the main lumen to the demilunes (Fig. 166). Such secretion-
canaliculi are not limited to mixed mucous glands, but are found in serous
alveoli and in other glands containing isolated secreting cells, as in the peptic
glands of the stomach (Fig. 198). Probably not all demilunes are composed
of serous cells, since small groups of mucous cells, when containing little
secretion, become peripherally displaced by the distended cells and then
appear as crescents. These, however, are not provided with secretion-
canaliculi. Minute secretion-channels have been described within the cyto-
plasm of glandular epithclium, as the liver cells; it is undecided, however,
whether such intracellular secretion-canaliculi are preformed or not.
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According to the proportions of the two types of alveoli, the tubo-alveolar
glands have been arranged in four groups: (a) pure serous glands, in which
only serous alveoli are present, as the parotid; (6) mzxed serous glands, in
which a few mucous alveoli are B
intermingled with the serous, as 4 \\
in the submaxillary; (¢) mixed '
mucous glands, in which the
serous cells occur as demilunes,
as in the sublingual and buccal ;
and (d) pure mucous glands, in
which only mucous alveoli, with-
out demilunes, are found, as in
the palatal.

Simple alveolar glands
in their typical flask-like form,
abundant in the skin of the
lower vertebrates, are repre- F1G. 166.—Portions of salivary glands, showing termina:

. ducts and secretion-canaliculi; A, from submaxillarv of
sented b)’ the Slr_nple Sebace?us f—-lhe ‘canaliculi extend to the demilunes of serous
glands. The dilated saclike gofa; & from submuxilary of abbiihe canaicul pas
fundus is lined with clear
and distended cells, which become modified into duct-cells at the exit.

Compound alveolar glands consist of a number of saccular alveoli
that open into a common duct, as in the case of the large sebaceous glands

and the tarsal glands of the eyelid; or they may be
much more complex, being made up of a number
of alveolar systems, the ducts of which join a large
excretory passage. When of such composition they
strongly resemble the tubo-alveolar type, the saccular
character of the alveoli being the chief distinction.
The parotid and the serous part of the submaxillary
are regarded by some histologists as examples of
compound alveolar glands. The lung affords a con-
spicuous example of the principle of the compound
saccular type in its mode of development and the
arrangement of the air-tubes and saccular terminal
compartments.

The blood-vessels distributed to glands are
always numerous, since an adequate blood-supply is
necessary to bring to the gland-cells the materials
from which their cytoplasm may select the substances
required for their metabolism and secretory activity.
In the case of the smaller and simpler glands, the
capillaries of the mucous membrane form a meshwork

- outside the basement membrane enclosing the glan-
< * dular epithelium. The large compound glands are
/ ~ provided with vessels whose general arrangement

Fic. 167 —Injected gastric COTresponds with that of the duct-system, the blood-
mucous membrane, showing vessels following the tracts of interlobular connective
f.‘.‘g",‘:;"..;,“;ﬁ‘.’,:.‘; e tissue and its extensions between the alveoli. On
reaching the latter the capillaries form networks that

overlie the basement membrane and thus bring the blood-current into close,
but not direct, relation with the secreting cells. When the relation between
the capillaries and the cells is unusually intimate, as it is in the liver or the
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cortex of the suprarenal body, a basement membrane is wanting, a delicate
reticulum and the wall of the vessel alone intervening between the blood-
stream and the protoplasm of the cells. Although subject to local deviations,
as in the liver, the veins follow the general course of the arteries, the larger
blood-vessels, together with the duct-tubes,
the lymphatics and the nerves, occupying
the tracts of connective tissue between the
lobes and the lobules. The lymphatics
are represented by the trunks which accom-
pany the ducts within the interlobular
tissue. Within the lobules the lymph-
channels become less definite until, finally,
they are recognizable only as the lymph-
spaces between the bundles of connective
tissue separating the alveoli.

The nerves distributed to the larger
glands include both medullated and non-
medullated fibres which follow the arteries
and ducts, around which they form plexuses.

F1G. 168.—Portion of submaxillary gland Along these strands sympathetic ganglion-
b powing distribution < "€ cells occur, sometimes singly but more often

‘ grouped as microscopic ganglia, from which
sympathetic fibres proceed to the muscle of the blood-vessels and ducts and
to the alveoli. Upon reaching the latter, the nonmedullated fibres break up
into end-plexuses surrounding the alveoli; the ultimate distribution includes
epilemmar and hypolemmar fibrille, the former lying upon and the latter
beneath the basement membrane. The hypolemmar fibrille, derived from
the extra-alveolar plexus, pass through the basement membrane and end in
fine varicose threads between the gland-cells.

Development.—Since glands are only ex-
tensions of the mucous membrane or integument
upon which they open, their development begins
as an outgrowth or budding from the epithelium
covering such surfaces. In the simple tubular
glands the minute cylinders are closely placed and
composed of densely packed cells. In the case
of the larger compound glands, as the salivary
or pancreas, the first anlage consists of a solid
cylindrical plug which, penetrating into the meso-
derm, soon begins to branch. The ends of the
terminal divisions enlarge and eventually become
the alveoli. Meanwhile the surrounding meso-
blast undergoes condensation and forms the
interlobular and other septa, as well as the general
envelope, or capsule, thereby giving definite form
to the glandular aggregation. The vascular and i, y69.—Section of feetal oral
other structures usually found within the inter- mucous membrane, showig devel
lobular tissue are secondary and later formations. ) ’
The development of the gland involves a double process of active growth,
the extension of the epithelial processes and a coincident subdivision of the
latter by the mesoderm to form the units of the organ. The lumen of the
gland appears first in the main excretory duct, from which it extends into
the secondary tubes and, finally, into the alveoli.
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THis long and complicated tube, extending from the mouth to the anus,
is developed from the entoderm with a mesodermic envelope, except at the
two ends, each of which is at first a pouch lined by ectoderm. It consists
of the mouth, pharynx and cesophagus above the diaphragm, and of the
stomach and small and large intestine below the diaphragm. There are
many accessory organs connected with the alimentary canal whose primary
function is to assist in the processes of digestion. The most important of
these above the diaphragm are the teeth, the tongue and the salivary glands;
those below the diaphragm are glands bf various kinds, mostly so small as
to be contained within the mucous membrane. Two large organs, however,
the liver and the pancreas, belong to this class, both being primarily out-
growths from the early gut-tube. The general structural plan of the alimen-
tary canal, presenting in places, however, great modifications, includes: (1)
a lining of mucous memébrane ; (2) a submucous layer of connective tissue
into which glands may penetrate from the mucosa; (3) a double layer of un-
striped muscle, arranged, for the most part, as an inner circular and an
outer longitudinal stratum; and, below the diaphragm, (4) a serous covering
from the peritoneum, whlch although originally complete, is in the adult
wanting in certain parts.

THE ORAL CAVITY.

The Mucous Membrane.—The histological transition from the skin
covering the exterior of the lips to the oral mucous membrane takes place
gradually, the two being connected by a broad intermediate zone which
approximately corresponds to the red area of the lips. The oral mucous
membrane is everywhere covered with stratified squamous epithelium, from
.2—.4 mm. in thickness, which presents the details of the varying strata of
cells typical of such structures (page 17). When for any reason the large
flat surface cells are not removed, as ordinarily they continually are by abra-
sion, they form a whitish semiopaque film that masks the rosy tint of the
oral mucosa. The tunica propria consists of closely felted bundles of fibrous
tissue and elastic- fibres, and passes into the submucous stratum without
sharp demarcation. Towards the surface supporting the epithelium, the
bundles become more delicate and closer, so that the stroma acquires a less
fibrous and more homogeneous appearance. The subepithelial border of the
tunica propria is beset with innumerable minute elevations, the papille,
which are especially well developed on the lips, the anterior part of the hard
palate and the gums. The papillz of the tongue are special structures and
are, therefore, here not considered. Within the elevations, which contain
the vascular loops and nerves, the stroma is relatively compact and homo-
geneous. In addition to the ordinary connective tissue cells, leucocytes and
mast-cells are frequently encountered within the stroma; the mast-cells, dis-
tinguished by their coarse basophilic granules, are particularly abundant in
the gum, close to the neck of the tooth. The oral mucous membrane is
attached to the surrounding bones and muscles by the submucous layer, a
stratum of generally loose fibro-elastic tissue containing the larger blood-
vessels, lymphatics and nerve-trunks and the small oral glands. According

9 129
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to the amount and character of this layer the mobility of the oral lining varies.
Where plentiful and loose, as over the floor of the mouth, the mucosa is
freely movable, while over the hard palate and the alveolar processes of the
jaws the submucous tissue is so meagre that the mucous membrane is almost
directly blended with the periosteum and correspondingly fixed.

The blood-vessels supplying the oral mucous membrane are numer-
ous, the larger stems occupying the submucous layer, within which they
form a wide-meshed network. Thence the twigs pass into the tunica

gument

aceous gland

Transition into
modified skin

F1G. 170.—Sagittal section of lip of young child, showing lmnsmon of skin into oral mucous
membrane. < 20.

propria, where they form a second and closer network. Their ultimate dis-
tribution includes capillary loops that occupy the papille, the smaller eleva-
tions containing only one or two terminal loops and the large ones a tuft of
half a dozen or more. The lymphatics are represented by a network of
lymph-spaces within the tunica propria which drain into the wide-meshed
reticulum of definite lymph-channels within the submucous layer. The
nerves are chiefly medullated fibres that assume a loose plexiform arrange-
ment within the submucosa. From here numerous twigs enter the tunica
propria and break up into the component fibres, which mostly terminate in
the stroma and papille either free or in connection with end-bulbs or tactile
corpuscles. A few fibres, after losing the medullary coat, penetrate the
epithelium and, after repeated branching, end between the epxthehal cells as
naked axns-cylmders
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THE TEETH.

In principle the teeth may be regarded as hardened papille of the oral
mucous membrane; they consist, therefore, of two fundamental parts, the
connective tissue body or core and the epithelial capping. The primary
tissues become greatly modi-
fied and give rise to the three
constituents of the typical
mammalian tooth, of which
the enamel is- derived from
the ectodermic epithelium,
and the dentine, with the pulp,
and the cementum are pro-
duced by the mesoderm.

The Enamel. — This,
the hardest tissue of the body,
covers the crown, the part of
the tooth projecting beyond
the gum, and is thickest on
the cutting edge or grinding
surface. It gradually thins
off towards the neck, around
which its terminal border ap-
pears as a wavy or serrated
line. The remarkable hard-
ness of the enamel is due to
the excessive amount (97 per
cent.) of earthy material and
the small proportion (3 per
cent. ) of organic matter which
it contains. The enamel—
the product of epithelial cells,
the ameloblasts—consists of

-an aggregation of five- or

six-sided columnar elements,

the enamel-prisms, which -

measure from 3-5 mm. in

length and from 3-5 g in

width. Their general dispo-

sition is at right angles to

both the surface of the den-

tine, upon which they rest,

and the exterior surface of

the crown. Since the prisms F16. 171.—Sagittal section of (‘an‘isle tooth n sifu. Semidia-

. grammatic.

usually extend the entire

thickness of the enamel, they are of slightly larger diameter at the surface
of the tooth than next the dentine. They run for a short distance almost
at right angles to the surface of the dentine, then bend laterally for a con-
siderable part of their course, but reassume a vertical path on approaching
the external surface. In addition to these general curves, the ranges of
enamel-prisms have a spiral arrangement, in consequence of which the
parallelism of the prisms is disturbed and the bundles appear in sections
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as interwoven. In thin, accurately transverse sections, enamel presents
a mosaic of minute hexagons, which are the ends of the cut individual
prisms. Each prism consists of a darker central and a lighter peripheral
zone, which depend upon variations of density. The lighter peripheral
zone probably represents a film of less completely calcified substance and
is often interpreted as cement material holding the prisms together. After
decalcification and staining, the true cement substance may be distinguished
as delicate lines defining the prisms. Particularly, but not necessarily,
after the action of acids, the enamel-prisms in longitudinal sections exhibit
alternate light and dark transverse markings with seemingly beaded or
varicose outlines. These appearances are probably optical and depend
upon the wavy contour of the central denser substance of the prisms.
The true outlines of the prisms are straight, the opposed surfaces of
the adjoining columns being separated by an uniform thin layer of the
cement-substance.

When an axial longitudinal section of a ground tooth is examined by
reflected, not transmitted, light, the enamel exhibits a series of alternate
dark and light bands, known as the prism-siripes of Schreger. These

markings (Fig. 171), which are comparatively coarse

and generally vertical to the surface of the tooth,

depend upon the relation of the ranges of enamel-

prisms to the axes of the rays of light. Rotation of

the illuminating pencil through 180° changes the dark

stripes to light ones and wvice versa. Each stripe

includes from ten to twenty enamel-prisms and is

invisible by transmitted light. In addition to the

foregoing markings, the enamel often presents, in

radial longitudinal sections, brownish parallel lines,

the stripes of Retzius, which correspond in their

general direction with the contour of the tooth, but

run at an angle of from 15° to 30° with the free

. surface. In cross sections, these stripes are repre-

sented by a series of concentric lines encircling the

FiG. 172.—Ground section crown, parallel to and near the surface; in the middle

e omorvg angesof  5nd deeper parts of the enamel they are much less

evident or entirely wanting. The significance of the

stripes of Retzius is still disputed, but it is probable, since they surely do

not depend upon pigment, that they are due to local imperfections of the

calcification of the enamel-prisms during certain periods of the growth of
the enamel.

The enamel-cuticle, or membrane of Nasmyth, is a delicate envelope that
completely invests the crown of the newly-erupted tooth. In the course of
- time it disappears from the areas exposed to wear, but over the protected
surfaces it may persist throughout life. The membrane (from 2—4 g in
thickness) is transparent, structureléss and resistent to the action of acids,
less so to alkalies, and affords protection to the subjacent enamel. Since
the cuticle is not only continuous with the cortical substance of the enamel-
prisms, but also agrees with it in optical and chemical properties, the origin
of the membrane may be referred to the enamel-producing elements, the
epithelial cells forming the inner layer of the enamel-organ (page 140).
After the completion of their work in producing the enamel-prisms, they
produce a continuous envelope, which never undergoes calcification and
remains as the enamel-cuticle.
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The Dentine.—The dentine or ivory, the substance which contributes
the bulk of the tooth, encloses the cavity containing the pulp and is itself
surrounded by the enamel and the cementum. In both its genesis and
chemical composition, dentine resembles bone, like the latter being a con-
nective tissue modified by impregnation with lime-salts. Dentine exceeds
bone in hardness and contains a larger proportion (72 per cent.) of earthy
matter and a smaller amount (28 per cent.) of organic substance. After
decalcification with acids, the remaining animal material retains the previous
form of the dentine and yields gelatin on prolonged boiling in water. Den-
tine, like bone, is formed through the agency of specialized connective tissue
cells, the odontoblasts, but
differs from it in the small ‘
number of these cells which :
become imprisoned in the
intercellular matrix. When
this occurs, as it occasional-
ly does, the dentine-cells cor-
respond to the bone-cells, “eame~ —
both being connective tis- _Junction
sue elements within lymph-
spaces in the calcified inter-
cellular substance. ,

Examined in dried sec-
tions under low magnifica-
tion, the dentine exhibits a  Dentinal

. . e tubules
radial striation, composed
of fine dark lines which
extend from the pulp-cavity
internally to the enamel ex-
ternally. These dark lines
are the dentinal (tubules,
filled with air, which are
homologous with thelacunee
and canaliculi of bone and
contain the dentinal fibres,
as the processes of the odon-
toblasts are called. In the
crown, as seen in longitudi- . ) .
nal sections, the course of FiG. x73.-(‘.roundﬂsle‘c:1i:|nng£‘hdugml‘et‘oo;r z;ir::'ludmg adjoining
the dentinal tubules is radial
to the pulp-cavity; in the body and fang their course is approximately
horizontal and almost parallel. The canals, however, are not straight but
wavy, the first bend being directed towards the root and the second towards
the crown. In addition to these primary curves, especially marked in the
crown, the tubules exhibit numerous shorter secondary curves, the whole
arrangement imparting to the individual canals a spiral course. In conse-
quence of the uniformity of these curvatures, the tooth-ivory displays a
series of linear markings, Schreger's lines, which parallel the outer surface
of the dentine. These markings, however, must not be confounded with
another set of strie, the contour lines of Owen, or the incremental lines of
Salter, which, best seen in the crown, run obliquely to the surface of the
dentine (Fig. 171) and depend probably upon variations in calcification
incident to the growth of the dentine.

Enamel

an
dentine
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The dentinal tubules are minute canals (from 1-2 £ in diameter),
which begin at the pulp-cavity, where they are largest, and extend to the
outer surface of the dentine, to end beneath the enamel or the cementum.
Each spirally coursing canal undergoes branching of two kinds, a dichoto-
mous division at an acute angle in the vicinity of the pulp-cavity, resulting
in two canaliculi of equal diameter, and a lateral branching during the outer
third of their course, whereby numerous tubuli of diminishing size are given
off. The dentinal tubules are occupied by the dentinal fibres, the processes
of the odontoblasts within the pulp, which in the young tooth are proto-

F1G. 174.—Transverse section of root of lower canine tooth. X 30.

plasmic threads; later they lose this character and become harder and stiffer.
The dentinal tubules differ in their mode of ending in the crown and the
root. In the former situation, the outer surface of the dentine is indented
with small crescentic depressions, filled with enamel, in which the tubules
abruptly end, as if cut off.  On the root, where the surface of the dentine is
smooth and covered with cementum, the tubules end in curves or loops
beneath the cementum, only in exceptional cases communicating with the
canaliculi of the cementum. The immediate walls of the dentinal tubules
are formed by delicate membranes, the dentinal sheaths of Neumann, which
are specialized parts of the intertubular matrix of greater density and less
complete calcification. After softening the decalcified dentine by alkaiies,
the sheaths may be isolated, since they resist the action of reagents which
attack the surrounding substance.
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The intertubular dentine-matrix resembles that of bone in being com-
posed of bundles of extremely delicate fibrous fibrillee that swell on treatment
with water containing atids or alkalies and yield gelatin after prolonged
boiling in water. The disposition of the bundles of fibrillee, more regular in
dentine than in bone, is chiefly longitudinal and parallel to the primary sur-
faces of the dentine; additional bundles run obliquely crosswise in the layers
ofdentine. The bundles of fibrillee, from 2—3 x in diameter, appear in trans-
verse sections as small punctated fields. The fibrille are knit together by
the calcified ground-substance, in which the lime-salts are deéposited in the
form of minute spheres, the interstices between the spherules being later
filled and calcification thus completed. When, as often happens, the calci-
fication is imperfect, irregular clefts, the interglobular spaces, result. These
spaces are bounded by the spherules, or dentine-globules, of calcareous
material and are of irregular form and uncertain extent, being, however,
usually largest in the crown. The
junction of the dentine and cement-
um is always marked by a zone of
closely placed interglobular spaces
of small size; under low magnifica-
tion in ground sections these spaces
appear as dark granules, hence the
zone is called the granule layer

~ of Tomes. '

’ The Cementum.—The ce-
mentum, the crusta petrosa of the
older writers, forms an investment
of modified bone that covers the
outer surface of the dentine from
the neck to the apex of the tooth.
Beginning where the enamel ends,
or overlapping the latter to a slight
extent, the cementum gradually Cementum
increases in thickness until over the
root, especially between the fangs
of the molars, it forms a layer Lacuna
several millimeters thick. The
matrix of the cementum differs
from that of ordinary bone in con- FIf, f7s—Ground seten of oo of dried tooh -
taining slightly less organic matter
and a greater number of fibre-bundles that run vertically to the bone-lamellze.
These bundles correspond to the fibres of Sharpey in other situations. The
lacune are larger than those of ordinary bone and the canaliculi are unusually
long and elaborate. As in bone, so in the cementum these lymph-spaces
contain connective tissue elements, the cementum-cells. Although connect-
ing with one another by means of the canaliculi, the lacunz seldom commu-
nicate with the dentinal tubules, the latter commonly ending in loops or
blind expansions. The outer surface of the cementum is intimately attached
to the surrounding alveolar periosteum, the so-called pericementum, since
from the latter the cementum is derived. Typical Haversian canals are
found in cementum only when this layer is hypertrophied.

The Alveolar Periosteum.—The periosteum investing the jaws also
lines the sockets receiving the roots of the teeth, which are by this means
securely held in place. The name, pericementum or peridental membrane,

Dentine

Granule layer
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is often applied to this part of the periosteum, which lines the alveoli, on the
one hand, and covers the cementum on the other and thereby fulfils the
double réle of periosteurn and root-membrane. The alveolar periosteum is
made up of tough bundles of fibrous tissue, elastic fibres being almost want-
ing, which are prolonged as the penetrating fibres into the cementum, on
one side, and as the fibres of Sharpey into the alveolar wall, on the other.
In the upper part of the root, the fibrous bundles are almost horizontal, but
towards the apex they are more oblique, the periosteum here losing its dense
character and becoming a loose connective tissue through which the blood-
vessels and nerves pass to the root-canal on their way to the pulp. At the
alveolar border the pericementum is directly continuous with the stroma of
the gum and immediately beneath the border of the enamel the fibrous bun-
dles are consolidated into a dense band, the ligamentum, circulare dentis,
which still further aids in maintaining the firm union between the tooth and
the alveolar wall. In addition to
blood-vessels and nerves, within the
pericementum lie irregular groups
of epithelial cells, which appear as
cords or networks within the con-
nective tissue stroma. The groups
are the remains of the enamel-sheath
(page 140), which surrounded the
young tooth during its early devel-
opment, and have been mistaken -
for glands.
The Pulp —The contents of
the pulp-cavity is the moditied meso-
dermic tissue of the dental papilla
remaining after the formation of the
dentine. The adult pulp consists
chiefly of soft highly vascular con-
nective tissue, containing few or no
elastic fibres but many irregularly
distributed cells. The general type
of the tissue resembles embryonal,
Fic.176. —Sec"°"°{0‘(’,',';,'?h§<'yl°' pulptissueof young 4} in its fibrous tissue and in its

cells, the latter being round, oval or
stellate with long processes. The peripheral zone of the pulp, next the den-
tine, is of especial interest, since in this situation lie the direct descendants
of the dentine-producing cells, the odonfoblasts. These are tall columnar
cells, arranged vertically to the surface of the pulp, about 25 4 in length and
5 » in breadth, which send out long delicate processes, the dentinal fibres,
into the dentinal tubules and short ones into the pulp-tissue. The spaces
between the bases of the odontoblasts are occupied by smaller cells, less
regularly disposed and less cylindrical and more uncertain in form.

The blood-vessels supplying the pulp are from three to ten small
arteries which break up into capillary networks soon after entering the pulp-
cavity. In human teeth the capillaries usually do not invade the layer of
odontoblasts. The larger veins, formed by thin-walled radicles, follow the
general course of the arteries. Lymphatics have been recently demon-
strated within the pulp as networks. The nerves supplying the pulp-tissue
are numerous, each fang receiving a main stem and several additional smaller
twigs, which in a general way accompany the blood-vessels. They include
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both medullated and nonmedullated fibres, the latter being sympathetic
" fibres destined for the walls of the blood-vessels. On reaching the crown-
pulp, the larger twigs are replaced by finer branches that subdivide into
many fibres. These, on reaching the periphery of the pulp, form a plexus
beneath the layer of odontoblasts from which nonmedullated axis-cylinders
are given off. “Some of these end beneath the odontoblasts in minute nodular
swellings; others penetrate between the odontoblasts and terminate in pointed
or bulbous free endings. Delicate fibres have been traced from the super-
ficial pulp-nerves into the dentinal tubules.

DEVELOPMENT OF THE TEETH.

About the beginning of the seventh week of feetal life, the ectodermic
epithelium thickens along the margins of the oral opening and forms a ridge
of proliferated epithelium, the labio-dental strand. This grows into the
surrounding mesoderm and divides into two plates which, while continuous
at the surface, diverge almost at right-angles at the deeper plane. The
lateral or outer plate is vertical and corresponds to the plane of separation,
effected by the lbial furrow, that later occurs in differentiating the lips
from the tissues forming the jaw. The median or inner plate grows more
horizontally into the mesoderm and is the one directly concerned in the
tooth-development; for this reason it is termed the denfa/ ledge.

The anlages or embryonic rudiments of the milk-teeth are indicated
by club-shaped epithelial outgrowths, which grow from the deeper surface
of the dental ledge to form the enamel-organs, as well as to meet, and
later cap, the mesodermic elevations, the dental papille. The bulbous
end of the epithelial outgrowth increases- rapidly and differentiates into
the typical three-layered enamel-organ. The latter is attached for a
time to the dental ledge by a broad strand of cells, which becomes more
and more reduced until, finally, it is broken and the enamel-organ is
isolated from the oral epithelium.

The Dental Papilla.—This structure appears, shortly after the
club-shaped enamel-organ begins to expand (Fig. 177, C€), as a condensa-
tion of the mesoderm beneath the epithelial outgrowth. At first the
papilla consists of a close aggregation of small round proliferating cells,
but later, coincidently with the differentiation of the three layers of the
enamel-organ, the peripheral cells of the dental papilla become elongated
and arranged as a continuous row of cylindrical cells, which cover the
apical portion of the papilla and lie beneath the enamel-organ. These
cylindrical mesodermic cells are the odonfoblasts, the active agents in
the production of the dentine. Where engaged in this process, particularly
over the summit of the papilla, the cells measure from 35-50 £ in length
and from 5-10 2 in breadth, but over the sides of the papilla they gradually
become lower and less characteristic, until, at the base, they resemble the
central cells of the papilla. So long as the tooth grows, odontoblasts are
differentiated in the vicinity of the last-formed part of the root; after such
differentiation and the odontoblasts engage in producing dentine, mitosis
is no longer observed in these cells.

The formation of the dentine is accomplished through the agency
of the odontoblasts in the same manner as the osteoblasts produce the
matrix of bone. The earliest dentine appears as a thin homogeneous
stratum, the predentine, which overlies the tip of the papilla and underlies
the enamel-organ. This layer is resolvable into collagenous fibrillee similar
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to those of bone-lamellze. The dentine-matrix, deposited through the ac-
tivity of the odontoblasts, is for a time uncalcified. The deposits of lime-
salts occurs first over the apex of the papilla and next the enamel, a zone of
uncalcified matrix around the pulp-cavity marking the youngest dentine.
The calcareous material is deposited in the form of minute spheres, the den-
tine-globules, calcification being
completed by the subsequent fill-
ing of the interglobular clefts.
When for any reason calcification
is incomplete, these clefts remain

B

A

C oy —

F16. 177.—Sections showing four early stages of tooth-development. 4, B, X 75; C, D, X so.

uninvaded and are recognized as the interglobular spaces. The dentine-
matrix differs from that of bone in being produced by a single set of cells,
while the bone-matrix is the collective work of relays of osteoblasts which,
while contributing their increment, become imprisoned in the lacunae within
the matrix that they have formed. In human dentine, on the contrary, the
odontoblasts remain on the surface and only exceptionally become enclosed
within the dentine-matrix. With the completion of dentine-production, the
odontoblasts become narrower and smaller and later exhibit evidences of
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impaired vitality. Their dentinal processes likewise grow thinner and less
flexible and gradually assume the characteristics of the dentinal fibres.
The portions of the dental papilla remaining after the dentine has been
completed persist as the definite pulp-tissue, receiving
a generous vascular and nervous supply.
The Enamel-Organ.—The end of the ecto-
dermic epithelial outgrowth, which early marks the
position of the future tooth, soon broadens and
becomes invaginated to form the young enamel-organ
that overlies the top of the mesodermic dental papilla
(Fig. 177). In contrast to the latter, which as the
pulp-tissue partially persists as a permanent structure,
the enamel-organ is only transient and ultimately
disappears. When fully developed, the enamel-organ
consists of three principal parts, the outer, middle
and inner layers. ~ Since the organ is converted into | Fic. 178.—Isolated odonto-
. . . ? . . asts from tooth of new-
a cap by the pushing in or invagination of its broader born child. X 300. (Zbmer.)
and deeper surface, it follows that the outer and inner
layers are directly continuous at the margin of the invested area. The oufer
layer consists of flattened epithelial cells, which send processes into the
surrounding vascular connective tissue that invests the tooth-germ as the

F1G. 179.—Section of developing tooth through junction of enamel and dentine. X 400.

dental sac. The middle layer, conspicuous by reason of its clear loose
texture, consists of epithelial elements that have become highly modified
in consequence of an enormous distention of the intercellular clefts by fluid,
the epithelial plates in this manner being reduced to stellate cells connected
by delicate processes. The inner border of this peculiar area constitutes
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a transitional zone known as the infermediate layer. This is best marked
over the upper part of the crown, at the sides thinning out and entirely
disappearing at the margin of the enamel-organ. The inner layer of the
enamel-organ comprises a single row of closely set tall columnar elements,
the enamel-cells, also called adamantoblasts or ameloblasts, through whose
active agency the enamel is produced. The ameloblasts are best developed
over the top of the dental papilla, where they measure from 25-40 p in
length and from 4-7 £ in breadth. They possess oval nuclei that usually
lie close to the outer ends of the cells. The ameloblasts are united by a
small amount of cement-substance and defined from the intermediate layer
by a distinct border. Over the sides of the dental papilla, corresponding
to the lateral limit of the future crown, the ameloblasts gradually diminish
in height until they are replaced by low cuboidal cells which, at the margin
of the enamel-organ, are continuous with the epithelium of the outer layer.
Preparatory to the formation of the dentine of the root of the tooth, this
margin of the enamel-organ grows towards the base of the elongating dental
papilla, which is in consequence embraced by the extension of the enamel-
organ. This investment is known as the epithelial sheath (Fig. 177, D),
a structure of importance in determining the form of the tooth, since it serves
as a mould in which the dentine is deposited; there is, however, insufficient
evidence to regard the epithelial sheath as an active or even necessary factor
in the production of the dentine.

The formation of the enamel results from the activity of ectodermic
epithelium and may be regarded as a cuticular development carried on by the
ameloblasts. The initial phase in the production of the enamel is the appear-
ance of a delicate cuticular zone at the inner end of
each ameloblast; this fuses with the zones capping
the adjoining cells to form a continuous homogene-
ous layer. The latter differentiates into rod-like
segments, the enamel-processes, or processes of
Zomes, which are the rudiments of the enamel-
prisms and the interprismatic substance. The
latter gradually decreases in amount as the forma-
tion of the enamel-columns progresses, since the
greater part of this intercolumnar substance is
(o F1c. 180.—Tsolated ameloblasts transformed into the cortical portion of the enamel-
plate; 8, cuticular border; ¢, Prisms, while the remainder persists as the meagre
D ass s capping oroo.  Cement-substance between the mature prisms.
ess. X 400. (Ebmer.) The enamel-processes are for a time uncalcified,

but later the calcareous material is deposited as
granules and spherules, which appear first in the axis of the prisms. The
developing enamel increases in thickness by the addition of the increments
formed at the inner ends of the ameloblasts, the same cells sufficing for the
production of the entire tissue. The earliest formed enamel lies in apposition
with the oldest dentine€, the youngest enamel immediately beneath the amelo-
blasts. The enamel is deposited, therefore, from within outwards, or in the
reverse of the direction followed by the growth of the dentine. The oldest
strata of both substances lie in contact; the youngest on the outer and
inner surfaces of the tooth. After the requisite amount of enamel has
been produced, differentiation into prisms ceases; consequently the last-
formed enamel remains as a continuous homogencous layer which invests
the free surface of the crown and constitutes the enamel-cuticle or membrane
of Nasmyth.
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The Tooth-Sac.—Coincidently with the development of the enamel-
organ and the growth of the dental papilla, the surrounding mesoderm dif-
ferentiates into a connective tissue envelope known as the dental or tooth-sac.
The jatter not only closely invests the enamel-organ, but is intimately related
to the base of the dental papilla. In contrast to the epithelial enamel-organ
which is entirely without blood-vessels, the inner part of the tooth-sac is
abundantly provided with capillaries and is, therefore, an important source
of nutrition for the growing dental-germ. The part of the sac opposite the
root of the young tooth at first is prevented -from coming into contact with
the dentine by the double layer interposed by the epithelial sheath. This
relation continues until the cementum begins to develop, when the vascular
tissue of the dental sac breaks through the epithelial sheath to reach the
outer surface of the dentine, upon which the cementum is deposited. In
consequence of this invasion the epithelial sheath is broken up into small
groups or nests of cells that persist for a long time as the epithelial
islands encountered within the fibrous tissue of the alveolar perinsteum,
into which the dental sac is converted. As development proceeds, the
tissue of the tooth-sac becomes denser, the part opposite the root persisting
as the pericementum, while the superficial part blends with the tissue
forming the gum. :

The formation of the cementum is brought about through the
agency of mesodermic tissue in a manner almost identical with the develop-
ment of subperiosteal bone (page 47), the cement-producing cells, the
cementoblasts, corresponding to osteoblasts, and like them bringing about a
deposit of osseous matrix upon the osteogenetic fibres from the alveolar peri-
osteum. The cementum appears first in the vicinity of the neck of the tooth
and thence progresses towards the apex of the root, as the dentine of the fang
is formed.. The layer of cementum is thickest at the apex, which it invests
except where the canal or canals remain for the blood-vessels and nerves
that pass to the pulp-cavity.

Provision for the development of the permanent teeth is made by
the early differentiation of a second set of dental rudiments during the
growth of the first. This includes the outgrowth of the enamel-organs of
second dentition from the dental ledge and the subsequent appearance of
new dental papillee from the mesoderm. The enamel-organ for the first per-
manent molar appears about the seventeenth week of feetal life and is soon
followed by the corresponding dental papilla. The germs of the permanent
incisors and canines, including the papille, are formed about the twenty-ninth
week and those for the premolars about one month later. The enamel-
organ of the second permanent molar appears about four months after birth
and the papilla about two months later, while the enamel-sac for the third
molar, which forms about the third year, precedes its papilla by almost two
years. It is evident, therefore, that the development of these teeth proceeds
very slowly, the embryonal structures being present years before the eruption
of the permanent teeth. The presence of the milk teeth and of the germs of
the permanent ones results in excessive crowding in the jaws during the fifth

.year. Inorder to accommodate the representatives of both sets, the crowns
of the permanent teeth press between and against the roots of the milk teeth,
which then undergo absorption. The latter process is effected by connective
tissue cells, the odonfoc/asts, in a manner similar to that by which bone is
removed by the osteoclasts. In consequence, before the temporary tooth is
displaced it often is reduced to little more than the crown. . Not until some
time after eruption are the roots of the permanent teeth fully formed.
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THE TONGUE.

The tongue is essentially a complex mass of striped muscle, the free
surfaces of which are covered by an extension of the mucous membrane
lining the mouth and the pharynx.

The muscles of the tongue include two groups, the extrinsic and the
intrinsic. The former (the genio-glossus, the hyo-glossus, the stylo-glossus
and the palato-glossus) are all paired and extend from the skull or the hyoid
bone to the tongue; the latter comprise the particular muscle, the /ingualis,
forming the chief mass of the organ. The tongue is incompletely divided
into symmetrical halves by a vertical partition of dense connective tissue, the
septum linguce, which extends from the hyoid bone behind to the tip of the
tongue but fades away before reaching the apex. It is much better developed
in the middle third of the tongue than at the ends, but even here the septum

Longitudinal fibres

Portion of

F1G. 181.—Transverse section of child's tongue, through middle third. X 3.

falls short of the dorsal mucous membrane by a few millimeters. On viewing
with low magnification a cross-section of the tongue at its middle third
(Fig. 181), the intricate feltwork of muscle-fibres is seen to comprise fibres
running in three general directions—longitudinal, vertical and transverse.
The longitudinal fibres appear transversely sectioned and form a well-marked
superficial or cortical layer, some 5 mm. thick, immediately beneath the
scanty submucous tissue covering the dorsum. These fibres include the
principal part of the lingualis muscle, supplemented by fibres from the stylo-
glossus. The wertical fibres, most conspicuous as the deeply placed and
obliquely cut masses of the genio-glossus on either side of the septum,
radiate towards the dorsal surface, where the lingual bundles end in the sub-
mucous layer. The transverse fibres are entirely from the lingualis, with the
exception of those contributed by the palato-glossus. They arise from the
septum and interlace with the vertical and longitudinal bundles; on approach-
ing the mucosa, they break up into strands which find their way between
the superficial longitudinal fibres to a submucous insertion. Branching is a
peculiarity exhibited by many muscle-fibres that end in the submucosa.

The mucous membrane of the tongue corresponds in general structure
with that lining the adjacent surfaces of the mouth and pharynx in consisting
of the epithelium, the tunica propria and the submucous layer. Over the
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sides and under surface of the tongue it is thin and smooth, with small
papille towards the tip; on the dorsum the mucous membrane is greatly
modified and presents characteristic appearances. The dorsal surface, more-
over, includes two areas, the papillary and the lymphoid, which exhibit very
different details.

The papillary area comprises the anterior two thirds, the lymphoid
the posterior third. In the infant's tongue the junction of these areas is
marked by a V-shaped groove, the swlcus terminalis, but this disappears
and later the boundarv is indicated by the conspicuous row of circumvallate
papillz. The anterior area is everywhere beset with elevations, the papille,
which are of three varieties—the filiform, the fungiform and the circumval-
late. The jfiliform or conical papilie, so abundant as to impart a velvety
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F1G. 182.—Section of lingual mucous membrane showing filiform papillee. X 75.

appearance to the tongue, are conical or cylindrical elevations of the tunica
propria, composed of fibrous connective tissue with many elastic fibres and
covered by a thick stratum of epithelium. The surface of the connective
tissue core bears a number of small secondary papille, which, however, do
not model the free surface of the mucous membrane. The filiform papille
vary from .5-2.5 mm. in height and often end in brush-like strands of horny
epithelial cells. The fungiform papille are far less numerous than the fili-
form and appear during life as red points. chiefly near the margins of the
tongue, in consequence of their thinner epithelium. As implied by their
name, they are more or less mushroom-like in form and vary from .5-1.5 mm.
in height.” The connective tissue core is beset with a number of secondary
papille, over which stretches a smooth layer of epithelium. The latter
contains occasional taste-buds. The circumuvallate papille, the most con-
spicuous of these elevations, usually number nine or ten, from six to sixteen
being the extremes. They are disposed as an irregular V, with the apex
of the group directed backwards. These elevations, from 1-1.5 mm. high
and from 2-3.5 mm. broad, consist essentially of a fungiform papilla sur-
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rounded by a shallow groove bounded externally by a low annular wall.
Their chief interest is their being the principal seats of the taste-buds
(page 385), which are lodged within the epithelium lining the mesial wall
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F1G. 183.—Section of lingual mucous membrane, showing fungiform papilla. X 7s.

of the groove. Into the bottom of this groove open the ducts of the serous
lingual glands. At the edges of the tongue, on each side just in front of the

F16. 184.—Section across circumvallate papilla frolnln child’s tongue, showing central part and encircling
wall. X 45.

anterior palatine pillar, may be seen a series of small transverse parallel

ridges, the papille foliatz. This structure, varyingly pronounced in man
but well developed in the rodents, is of interest on account of the many taste-

buds which it often contains.
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The posterior or lymphoid area, the part of the dorsum behind the
circuinvallate papillie, presents a striking contrast to the anterior two thirds
of the mucous membrane. The surface is thrown into uncertain rounded
elevations, which, while smooth and devoid of papill:e, impart to this portion
of the tongue an uneven and mammillated appearance that is further accen-
tuated by numerous minute pits. The latter lead into small crypts, each
lined by stratified epithelium continued from the surface and surrounded by
a zone of lymphoid tissue. The latter contains a number of lymph-nodules,
with germ-centres, blended together by the intervening diffuse lymphoid
tissue and lodged in the tunica propria. These spherical masses, the fol/iculi
linguales, resemble in miniature the lymphoid organs found on the side-walls
of the oro-pharynx and, hence, are often termed collectively the Zingual lonsil.

The glands of the tongue include both mucous and serous varieties,
which are.distributed in three groups: (1) the serous glands, (2) the mucous
glands and (3) the anterior sero-mucous glands. The serous glands are
small and occur in the vicinity of the circumvallate and foliate papill,

F1G. 185.—Section from posterior third of child's tongue, showing lymphoid tissue constituting a part of
the lingual tonsil. X 30.

occupying the dceper part of the tunica propria, with some alveoli between
the subjacent muscle-bundles. Their ducts lead through the mucosa and
open preferably at the bottom of the furrows along which the taste-buds are
lodged. They belong to the tubo-alveolar group, with the tubular type of
the ultimate compartments pronounced. The gland-cells are somewhat pyram-
idal, rest upon a basement membrane of great delicacy, and secrete a thin,
watery, albuminous fluid. The mucous glands are found just in advance of
the more median circumvallate papille, along the margins of the tongue, and
scattered through the lymphoid area, especially towards the root. They are
tubo-alveolar in type and among the examples of pure mucous glands.
Their viscid, mucin-containing secretion is produced by the cylindrical
gland-cells and carried off by ducts, which are lined with columnar epithe-
lium and open on the free surface or, not infrequently, into the lymphoid
crypts. The anterior lingual glands, or glands of Nuhn, form two elon-
gated groups, 15-20 mm. long and 7-9 mm. wide, which lie near the tip of
the tongue, on either side of the mid-line. Both serous cells and mucous
alveoli occur, hence they belong to the mixed mucous and tubo-alveolar type
and possess demilunes.  They open on the under surface of the tongue.
The blood-vessels of the tongue include, in addition to the branches
of the lingual artery that break up into capillary networks supplying the
muscles, a vascular meshwork within the mucous membrane from which
twigs ascend to the papillie.  Each of the latter contains a tuft of elongated
{e]
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capillary loops (Fig. 186) which occupies the connective tissue stroma,
including that of the secondary papillze. ~ Other twigs pass to the glands and
end in capillary networks that surround the alveoli; still others provide
capillaries which ramify within the aggregations of lymphoid tissue. The
lymphatics of the tongue constitute two groups, a superficial within the
mucous and submucous layers and a deep one within the musculature. The
submucous vessels arise from the rich network of lymph-channels within the
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F1G. 186.—Injected mucous membrane from upper surface of tongue. X 6o.

dorsal mucosa, the apical network being especially close. The lymph-
nodules of the posterior area are surrounded by meshes of lymphatics.
The nerves of the tongue include three sets of fibres concerned in
conveying the impulses for common sensation, taste and motion. Those for
common sensation, derived from the trigeminus and glossopharyngeal nerves,
end in the lingual mucous membrane in the manner already described for the
oral mucosa (page 130), the papille receiving fibres that confer great sen-
sibility. The gustatory impulses are collected by the fibres from the chorda
tympani and the glossopharyngeal, which are distributed to the anterior
two thirds and the posterior third respectively. Such fibres end in close
relation with the receptive neuroepithelial cells within the taste-buds ( page
385). The motor fibres are from the hypoglossal nerve. As in other locali-
ties, so here, nonmedullated sympathetic fibres, destined for the blood-vessels
and glands, are included in many nerve-trunks along with medullated fibres.
The Oral Glands.—In addition to the large salivary glands which,
although pouring their secretion into the oral cavity, are situated outside of
the immediate walls of the mouth, certain groups of glands, for the most
part insignificant in size, lie within the oral wall and contribute secretions
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serving for the lubrication of the oral mucous membrane. Such oral glands
include the labial, within the lips, the buccal and the molar, within the
cheeks. The labial glands are very numerous and constitute an almost
unbroken zone, something over a centimeter in width, that surrounds the
oral cleft just inside the margin of the red lip-area.  They are alveo-tubular
in type, lie within the submucous layer, between the mucous membrane and
the muscle, and belong to the mixed mucous glands. The gland-cells,
although chiefly mucous in character, include limited peripheral groups of
serous cells arranged as demilunes beneath the basement membrane. The
buccal glands, smaller and more scattered, occupy the submucosa beneath
the buccinator muscle. They correspond in structure with the labial glands.
The same is true of the molar glands, several small groups on the outer
surface of the buccinator muscle, whose ducts pierce the cheek.

THE SALIVARY GLANDS.

The salivary glands include the parotid, the submaxillary and the sub-
lingual, all organs of some size, and elaborate secretions poured into the
~ oral cavity to assist in preparing the food for deglutition and further chemi-
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F1G. 187.—Section of small lobule of parotid gland. X 70

cal change. For the latter purpose, the parotid gland is of most importance

"and in all animals maintains its character as a true (serous) salivary gland.
The others, the submaxillary and sublingual, are variably mixed glands, the
former sometimes and the latter never approaching the pure serous type.
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The Parotid Gland.—This, the largest of the salivary glands, lies
between the upper part of the ramus of the lower jaw, which it overlaps
both within and without, and the external ear. It is invested by a strong
fibrous sheath, continuous with the cervical fascia. The gland is subdivided
into many lobules by septa of dense fibro-elastic tissue and, hence, possesses
considerable toughness. The parotid consists entirely of serous alveol,
although mucus-producing acini may occur in the accessory lobules along
the main (Stenson's) duct. The primary lobules are made up of alveoli,
lined with pyramidal glandular epithelium whose appearance changes with
functional activity. When at rest, the cells are filled with minute secretion-
granules; the latter, however, are sensitive to reagents, often undergoing

Interlobular duct

F1G. 188 —Section of parotid gland, showing serous alveoli. X 2j0.

partial or complete solution. Hence, the reticulated appearance of the cyto-
plasm frequently observed in the gland-cells after fixation. The spherical
nuclei occupy the middle of the serous cells.

The duct-system begins at the alveoli as the intermediate tubules, which
in the parotid are relatively long and narrow and lined with low or flattened
cells continuous with the alveolar epithelium. Secretion-canaliculi extend

. between the gland-cells part way to the basement membrane. The intra-
lobular tubules, of larger diameter (35 1) than either the immediately pre-
ceding or succeeding segments of the duct, are lined with a single layer of
columnar cells that exhibit differentiation into an inner zone, finely granular
and containing the nucleus, and an outer or basal zone, next the basement
membrane and displaying a faint longitudinal striation or ‘‘rods.”” The
interlobular and interlobar ducts gradually increase in diameter and, for the
most part, possess a single layer of columnar cells; in the larger canals, how-
ever, this may be reinforced by an additional imperfect row of small cells.
The columnar cells extend to near the termination of the main excretory
duct, where they give place to the stratified squamous epithelium continued
into the canal from the oral mucous membrane. The wall of the parotid or
Stenson’ s duct, in addition to the epithelium, consists of fibrous tissue, mixed
with manv clastic fibres and a few bundles of unstriped muscle.
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The Submaxillary Gland.—This organ, intermediate in size between
the parotid and sublingual glands, lies largely under cover of the lower jaw,
invested by a fibrous capsule derived from the cervical fascia. It consists of
two parts, the superficial, resting on the outer surface of the mylo-hyoid
muscle, and the deeper, which winds around the posterior border of the last
named muscle and extends forwards as a tongue-like process, between the
mylo-hyoid and the hyo-glossus muscles almost as far as the sublingual
gland, beneath the mucous membrane of the floor of the mouth.

The submaxillary gland differs in structure from the parotid in possessing
both serous and mucous alveoli, the mucous forming approximately one fifth
of the entire gland-tissue. The a/weoli containing serous cells resemble
those of the parotid, during rest being filled with cells loaded with minute

F1G. 189.—Section of submaxillary gland, showing serous and mucous alveoli. X 270.

secretion granules. These cells often exhibit a differentiation into an inner
granular and an outer almost granule-free zone. The mucous alveoli are
somewhat larger than the serous ones and contain chiefly mucus-secreting
cells, although limited groups of serous cells are present as demilunes.
Intermediate tubules connect alveoli of both kinds with the intralobular
ducts, those from the mucous alveoli being shorter and less branched than
those from the serous acini. The latter are lined with low cuboidal cells,
which pass gradually into the gland-cellscf the alveoli, in contrast to the
abrupt transition in the tubules leading to the mucous acini. The cells lin-
ing the intralobular ducts exhibit the striation seen in the correspcnding
part of the parotid, this rod-epithelium sometimes containing yellowish pig-
ment. The interlobular and interlobar ducts resemble those of the parotid
gland. The main exeretory or Wharton's duct possesses, in addition to its
fibrous tissue and a subepithelial layer of elastic fibres, feebly developed
bundles of longitudinally disposed unstriped muscle. Goblet-cells appear
among the columnar epithelium lining the deeper parts of the duct.

The Sublingual Gland.—This, the smallest of the salivary glands,
underlies the mucous membrane of the floor of the mouth, through which it
shows as an oval elevation at the side of the median fold, the frenulum. The
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gland does not possess a distinct capsule and consists of an aggregation of
separate glands, each of which has its independent duct, rather than a con-
solidated single organ.

The sublingual gland belongs to the mixed mucous type and possesses
a curtatled duct-system, in which distinctive intralobular and intermediate
ducts are wanting. The interlobular ducts subdivide into smaller canals that
enter the primary lobules and give off wider passages lined with cuboidal
epithelium. Towards the distal ends of these terminal canals the mucous
gland-cells appear, at first isolated or in groups, until they constitute the
entire lining of the passage. The condition of the afveoli, as regards the
mucus-producing cells, varies even in the same lobule. Sometimes an entire
primary lobule is composed of alveoli filled with mucous cells; at other times

.

F1G. 190.—Section of sublingual gland, showing serous cells grouped as demilunes. X 270.

empty and engorged alveoli alternate, or the depleted acini may predominate.
The demilunes of serous cells are also uncertain, since these may be absent or
present in considerable numbers and of large size. The relatively wide lumen
of the alveoli and the more pronounced reticulated appearance of the gland-
cells distinguish the exhausted sublingual gland from the parotid under like
conditions.

The normal secrefions of the salivary and oral glands contain no formed
elements, although granules and cellular remains may be present. The
spherical so-called salivary corpuscles, which occur in varying numbers in
the mixed oral secretion, have no relation to the salivary glands, since they
are only modified lymphocytes which have escaped from the lymphoid tissue
of the faucial and lingual tonsils. On entering the mouth, these cells are
affected by the saliva and become greatly swollen, the granular remains of
their cytoplasm exhibiting molecular motion to a marked degree.

The blood-vessels of the salivary and larger oral glands follow the
same general arrangement. The larger arteries accompany the ducts in
their course within the interlobular connective tissue, giving off twigs which
supply the walls of the excretory passages. From the interlobular vessels,
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branches enter the connective tissue between the primary divisions of
the glandular tissue and eventually-break up into close capillary networks
which surround the individual alveoli, the basement membrane and the
endothelium alone separating the blood-stream and the gland-cells. The
veins maintain the general path of the arteries. The definite lymphatics
are limited to the interlobular tissue, usually accompanying the ducts.
The perialveolar clefts between the bundles of the fibrous framework
represent the interlobular lymph-channels, which are tributary to the
lymphatic vessels between the lobules. The nerves supplying the salivary
glands form plexuses within the interlobular tissue and include both
medullated and nonmedullated fibres. The latter, destined chiefly for
the blood-vessels and gland-tissue, are in part the axones of sympathetic
neurones, whose cell-bodies are the ganglion-cells collected in microscopic
groups along the walls of the larger ducts. On reaching the alveoli, the
nonmedullated fibres form epilemmar plexuses on the outer surface of the
basement membrane, from which delicate fibrils pierce the membrane to end
as varicose hypolemmar threads between the gland-cells.

THE PALATE.

The hard palate forms the roof of the mouth, and is bounded laterally
by the alveolar border of the upper jaw. The mucous membrane is united
firmly to the periosteum covering the roof-bones by the dense connective
tissue of the submucous layer. Near the front border of the area, the
mucous membrane is thrown into a series of irregular ridges, the pa/atal
ruge, over which the secondary papilla of the tunica propria are well
marked. On each side of an oval median area, the submucosa is occupied
by an almost continuous layer of palatal glands, composed of small groups
of mucous alveoli, whose ducts open on the surface as minute scattered
orifices.

The soft palate is essentially a fold of mucous membrane, enclosing
muscles, tendinous expansions and glands, continued backwards and down-
wards from the hard palate to form the mobile arched partition between
the nasal and oral subdivisions of the pharynx. The free border is
prolonged in a median conical prominence, the wwzu/a, which breaks the
general curve of the border into a double arch. The soft palate includes
four general layers, which, from above downwards, are: (1) The pkaryngeal
mucous membrane, which for some distance above the free edge of the
palate corresponds with the oral mucosa in possessing stratified squamous
epithelium and a layer of elastic fibres in the deeper margin of the tunica
propria. Higher, but at a variable distance from the free border, the mucosa
changes and assumes the characteristics of the respiratory mucous mem-’
brane. (2) The fibro-muscular layer, which comprises the expansions of
the tendons of the tensor palati muscles and a complex of striped muscle
bundles. (3) The glandular layer, which is in places 5-6 mm. thick and
continuous with the glands of the hard palate. The glands are examples
of the pure mucous variety, and so closely set that they form a layer
broken only in the mid-line near the hard palate by a fibro-muscular
septum. They mostly end near the free border of the palate in the vicinity
of the base of the uvula, but some are continued into this projection, almost
to its tip, as a cylindrical tract of glands through and about which run
the fibres of the azygos uvulee muscle. (4) The oral/ mucous membrane,
which, although strictly belonging for the most part to the oro-pharynx,
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resembles the general lining of the mouth. The submucous tissue of this
surface contains a variable amount of fat, which is wanting in the correspond-
ing position on the upper aspect of the palate. Scattered small taste-buds
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F1G. 191.—Lateral sagittal section of soft palate.  1s.

are occasionally encountered within the epithelium of the lower surface.
The ultimate distribution of the blood-vessels and nerves of the palatine
mucosa follows the general plan of the oral mucous membranec.

THE PHARYNX.

The pharynx or throat is a musculo-fibrous sac, lined with mucous
membrane, that extends from the base of the skull to the level of the upper
border of the seventh cervical vertebra. It communicates with the Eusta-
chian tubes, the nasal fosse, the oral cavity and the larynx, and is continuous
below with the cesophagus. The walls of the pharynx comprise three gen-
eral strata: (1) the muscular laver, made up of the striated fibres of the
pharyngeal constrictors and the associated muscles; (2) the fibrous laver, a
membranous framework of dense fibro-elastic tissue, strong above but
weaker below and continued into the cesophagus; and (3) the mucous
membrane, which, with the submucous layer, lines all parts of the pharynx
and presents striking local modifications.

Within the naso-pharynx, that division lying above the level of the soft
palate, the mucous membrane mostly resembles that of the adjoining respira-
tory part of the nasal fossie, being clothed with stratified ciliated epithelium
and containing many small mixed (sero-mucous) tubo- alveolar glands.  Over
portions of the posterior wall of the naso-pharynx, as well as over the uvula and
neighboring region of the upper surface of the soft palate, the epithelium is
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stratified squamous, the place of transition being subject to great individual
variation. Where covered with the squamous cells, the glands are usually
mucous in type. The lower divisions of the pharynx, the oro- and the
laryngo-pharynx, are invested with stratificd squamous epithelium.
Lymphoid tissue occurs in great abundance, in certain localities,
particularly on the upper posterior pharyngeal wall, causing the mucous
membrane to be thrown into elevations. The larger and more constant
collections of lymphoid tissue are called ‘‘tonsils,”” of which the fawcial
fonsils in the oro-pharynx, the pharyngeal tonsi/ in the upper part of the
naso-pharynx, the fubal tonsils
at the openings of the Eusta-
chian tubes, and the Zingual
tonst/ on the posterior third of
the tongue are examples.
The faucial tonsils,
also called palatine, are two
almond-shaped masses of lym-
phoid tissue, one on each lat-
eral wall of the oro-pharynx,
between the palatine pillars.
Each tonsil, some 20 mm.
long, 15 mm. broad and 10
mm. thick, is enclosed by
a fibro-elastic capsule, which
becomes continuous with the
submucous layer where the
mucous membrane is adherent
to the tonsil, as it is on the
free surface. The Ilatter is
broken by an uncertain num-
ber (10-20) of pits of varying
size and depth. These depres-
sions, or crypls, cut the lym-
phoid tissue into irregular
tracts, which are still further
subdivided by connective tis-
sue septa that penetrate from
the capsule. The crypts, with
their side branches, are com-
pletely lined with mucous
membrane continued from the . . .
adjacent free surface. The F'% '3 Sygial section of posterior wall of pharyns of
tunica propria, however, is thin
and so invaded by the lymphocytes that the epithelium is the most conspicu-
ous representative of the mucous membrane. Each crypt with its surrounding
tract of lymphoid tissue repeats, in its general makeup, the structure of the
lingual lymph-follicles already described. The lymphoid mass contains
lymph-nodules, with germ-centres, blended together by the more diffuse
lymphoid tissue. The entire tonsil is built up by repetition of such structural
units. Numbers of lymphocytes wend their way into the subepithelial tissue,
which in consequence becomes infiltrated with the lymph-cells, thence pass
into the epithelium and, finally, escape into the pit and onto the free surface
of the mucous membrane. These cclls become the salivary corpuscles.
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The pharyngeal tonsil is an unpaired median mass of lymphoid
tissue in the postero-superior wall of the naso-pharynx. It, as well as the
faucial tonsils, is best developed in early childhood, although often hyper-

trophied in adolescence This tonsil
consists of a series of lobulated
masses of lymphoid tissue arranged
around a central depression with
lateral recesses. In its general
compositidn, it resembles the faucial
tonsil, consisting of lymph-nodules
and diffuse lymphoid tissue. The
latter is less circumscribed and infil-
trates the surrounding mucous mem-
brane, so that the limits of the
pharyngeal tonsil are not well defined.
The name, tubal tonsils, is some-
times applied to the collections of
lymphoid tissue that surround the
openings of the Eustachian tubes.
The lymphoid tract extends for some
distance along the tube, as well as
towards the pharyngeal tonsil, and
contains small lymph-nodules.

The blood-vessels and nerves
of the pharynx, although collectively
derived from a varied and somewhat
complex source, follow in their
detailed distribution the plan com-
mon to mucous membranes, and call
for no special description.

F1G. 193.—Section through faucial tonsil, showing The lymphatics within the

g:;;‘l;al (Qs?:smon of lymphoid tissue around the phary ngeal mucous membrane are

unusually abundant, particularly in

the vicinity of the more definite masses of lymphoid tissue. The latter, espe-

cially the faucial tonsils, are of great practical importance. They are very

frequently the seat of serious infections, their numerous and often deep crypts
affording favorable resting places for bacteria.

THE (ESOPHAGUS.

The cesophagus or gullet is the tube, about 25 cm. in length, that
connects the pharynx and the stomach and serves for the passage of food.
Its walls, 3-4 mm. thick, consist of four coats (Fig. 194) which, from within
outwards are: (1) the mucous membrane, (2) the submucous layer (3) the
muscular tunic and (4) the fibrous coat.

The mucous membrane, usually thrown into longitudinal folds,
includes a tunica propria, composed of fibrous connective tissue and delicate
elastic fibres, and a thick coating of stratified squamous epithelium. The
surface of the stroma-layer beneath the epithelium is modelled by longitudi-
nal ridges and papille, between which pass the ducts of the glands in their -
course to the free surface. The deeper part of the tunica propria is occupied
by a thin stratum of involuntary muscle, the muscularis mucose, which is
feeble and indistinct in the upper part of the gullet but robust and conspic-
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uous in the lower portion Collections of lymphoid tissue occur within the
mucosa as more or less distinct aggregations. Mostly they are small diffuse
areas around the ducts of the mucous glands, but in some places, especially
towards the lower end of the cesophagus, they assume the form of distinct
lymph-nodules (Fig. 195).
The submucous layer, although of considerable thickness, is loose in
' texture and, therefore, permits free motion of the mucous membrane upon
the muscular tunic. Scattered along the length of the gullet are many
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F1G. 194.—Transverse section of cesophagus, through upper third. X 18.

cesophageal glands. These are of two kinds—the ordinary mucons
glands, situated within the submucous coat and most abundant in the upper
half of the tube, and the special cardiac glands, lodged within the tunica
propria and limited to the two ends of the cesophagus. The usual glands
are tubo-alveolar in form and pure mucous in type, mucus-producing cells
alone being present. Their ducts, commonly somewhat tortuous, are often
dilated into miniature ampulle just before penetrating the muscularis
mucosa; they leave the tunica propria and enter the epithelium in the val-
leys between the papillze. The smaller ducts are lined with simple columnar
epithelium, which in the larger tubes may become stratified and, near the
free surface, may be replaced. by stratified squamous cells.

The special glands correspond in structure to those found at the cardiac
orifice. of the stomach (page 160); hence their designation as ‘‘cardiac.”’
They consist of small oval or pyramidal groups of richly branched tubules
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and constitute a constant narrow zone surrounding the termination of the
esophagus. Lying entirely within the tunica propria, their bases abutting
against the muscularis mucosa, they open on the free surface by wavy
ducts that pierce the summit of the papille and traverse the epithelium.
Less definite and much less constant groups of similar tubules occur within
the mucosa, along the sides, at the upper end of the cesophagus; these have
been described as the superior cardiac glards.

. The muscular coat of the cesophagus includes an inner circular and
an outer longitudinal layer, although the individual bundles are often irregu-
larly and obliquely disposed, and above somewhat intermingled. The histo-
logical character of the muscular tissue varies in different parts of the tube.

Thus in a general way, within
approximately the lower half of
the wsophagus the muscle is
entirely unstriped; within the
second quarter both striated
and unstriped muscle appear;
while within the first quarter
striated muscle almost exclu-
sively is present. Although
within the longitudinal layer
unstriped fibres do not appear
within the upper fourth or fith,
the zone of purely striated
fibres within the circular layer
includes only about the first
2.5 cm., below which level un-
striped fibres gradually become
more abundant.

F1G. 195.—Section of mucous membrane of acsophagus, The fibrous coat is pO(?l’-

95 howing lymph-nodule, - x 5o P €% ly developed above the dia-

phragm, consisting of areolar

tissue that attaches the cesophagus to the surrounding structures, aided in

places by strands of unstriped muscle. After piercing the diaphragm, the

peritoneum contribates a limited serous coat, which, with its connective

tissue stroma and surface mesothelium, constitutes a more definite investment
for the alimentary tube from this point on.

The blood-vessels of the cesophagus, after sending twigs directly for
the supply of the muscular tissue, gain the loose submucous layer, within
which lie branches of considerable size. From these, in addition to small
vessels for the circular muscle and the glands within the submucosa, twigs
are given off that enter the mucous membrane and break up into capillary

_networks from which terminal loops invade the papille. The venous radi-
cles of the mucosa are tributary to the veins within the submucous tissue,
from which the larger trunks accompany the arteries.

The lymphatics are represented by networks within the submucous
and muscular coats. The former take up the fluid collected by the lymph-
spaces of the mucous membrane. These networks are connected by inde-
pendent trunks with neighboring lymph-nodes, those from the lower end
of the cesophagus passing to the upper nodes of the cceliac group.

The nerves of the cesophagus include both medullated and nonmedul-
lated fibres. The former, largely from the vagi, contribute fibres supplying
the striated muscle, in which they end in motor plates. The nonmed-

S
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ullated fibres are chiefly sympathetic and, therefore, are destined espe-
cially for the involuntary muscle and glands. Between the longitudinal and
circular layers of muscle they form a wide-meshed plexus, containing many
microscopic ganglia, that corresponds with the plexus myentericus of the
stomach and intestine, with which organs it will be described (page 163). The
mucous membrane receives nonmedullated fibres, from an indefinite plexus
within the submucous layer, which terminate within the tunica propria in
free endings, some threads entering the deeper layers of the epithelium.

THE STOMACH.

Being essentially a greatly dilated and modified segment of the digestive
tube, connecting the cesophagus and the small intestine, the walls of the
stomach agree in their general makeup with those of the other parts of the
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F1G. 196.—Transverse section of human stomach, left third, showing general arrangement of coats. X 18.

alimentary canal lying below the diaphragm. They consist, therefore, of
four coats—the mucous, the submucous, the muscular, and the serous.
When moderately distended, the stomach is a somewhat flattened pear-
shaped sac, with the large end up and the point bent to the right. The
highest part of the stomach is called the fundus ; the end joining the cesoph-
agus is the cardia, and that meeting the intestine the pylorus.

The mucous coat, or mucosa, thickest near the pylorus (1.5-2 mm.)
and thinnest at the cardiac end (.35-.55 mm.), is loosely attached to the
muscle by the submucous tissue and, possessing little elasticity, is easily
thrown into folds or ruge when the other coats contract. During disten-
tion these folds are largely effaced, but under the more usual conditions are
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conspicuous as longitudinal plications, particularly at the pyloric end and
along the greater curvature. The surface of the gastric mucous membrane
is divided into small, slightly raised, polygonal areas or mammille. The
latter, from 1-4 mm. in diameter, are stippled with closely placed micro-
scopic pits, the gastric crypts, into which open groups of the individual
gland-tubes. The crypts are particularly wide (.2 mm.) in the pyloric
region, where they reduce the intervening tissue to mere ridges which in
section appear as villous projections ( plice villose).
The epithelium covering the free surface of the
mucosa is a single layer of tall columnar cells (20-30
high), many of which are engaged in secreting mucus
and consequently appear as goblet-cells. Where the
cesophagus joins the stomach, the opaque stratified
squamous epithelium of the gullet abruptly changes
into the transparent columnar gastric cells. The line
of transition is zigzag and well defined, the pale cesoph-
ageal mucous membrane contrasting with the reddish-
gray gastric lining. The unusual thickness of the mu-
cosa at the pylorus is in part due to the depth of the de-
pressions, the gastric crypts, into which the glands open.
The tunica propria consists of a delicate con-
nective tissue framework, composed of fibrous and
reticular tissue and elastic fibres, supporting many
lymphocytes and intermingled with strands of invol-
untary muscle and capillaries. This stroma resembles
loose lymphoid tissue and, where the gastric glands
are closely placed, is reduced to the septa and envel-
opes which separate and invest the deeper parts of the
gastric glands. The latter, here and there, are so
surrounded by aggregations of lymphocytes that the
stroma assumes the appearance of lymphoid tissue,
In the vicinity of the pylorus and sometimes of the
cardia, more definite accumulations of such tissue occur
in the form of small lymph-nodules (Fig. 200), the
so-called ‘‘lenticular glands.”” Occasionally they are
of sufficient size to reach almost the free surface,
although commonly they are limited to the deeper parts
of the mucous membrane. The muscularis mucose, as
(. Fic. 107.—Gastric glands in other ports of the intestinal tube, consists of a thin
ach; a, opening on sur- but well-marked layer of involuntary muscle within
face et eellss fundus; the tunica propria next the submucous coat. Two
cells. X 105. strata are usually distinguishable, an inner circular
and an outer longitudinal. Delicate strands of muscle-
cells extend between the gastric glands, in places penetrating almost as far
as the epithelium.

The gastric glands comprise two principal varieties, the fundus and
the pyloric glands. The former occur throughout the greater part of the
stomach, including the fundus, the anterior and the posterior walls and the
curvatures; the latter are present in the pyloric fifth of the stomach. An
additional variety, the cardiac glands, is represented by a narrow granular
group at the cesophageal orifice.

The fundus glands—the gastric glands proper—are closely set tubules,
single or slightly branched and usually somewhat wavy, which extend almost




THE STOMACH. 159

the entire thickness of the mucosa and abut against the muscularis mucosz.
Each gastric crypt corresponds to an excretory duct and receives several of
the tubules, in which the neck, body and fundus of the gland are recognized.
The slightly constricted neck marks the transition of the columnar epithelium
lining the crypt, prolonged from the free surface, into the gland-cells. The
latter are of two kinds, the chief and the parietal. The chief cells, called also
central or adelomorphous, are clear low cylindrical or cuboidal elements that
line the tubule and surround a narrow but distinct lumen. Their spherical
nuclei occupy the central part of the

clear cytoplasm that sometimes (dur-

ing rest) is filled with secretion or

zymogen granules and at other times,

after the granules have disappeared,

shows a distinct reticulum. These

elements, often imperfectly preserved,

are probably concerned in producing

pepsin. The parietal cells, known

also as acid, oxyntic or delomor-

phous, although relatively few are

conspicuous by reason of their size,

peripheral position (Fig. 198) and

selective affinity for certain stains.

They are large, of rounded triangular

form, and lie immediately beneath the

basement membrane, which often

displays in profile an outward bulg-

ing as it passes over the cell. The

finely granular cytoplasm encloses a

distinct spherical nucleus that may

be double. Although arranged with

little regularity, the parietal cells are

most numerous towards the neck of

the tubule, where they may form an

almost unbroken layer; they decrease

in number on approaching the fundus,

in which they are few or wanting.

While eXdUdeq by the chief cells F1G. 198.—Deep portions of gastric glands from
from contact with the lumen of the fundus. showing the two varieties of lining cells
tubule, the parietal cells are connected and iﬁi’;‘;'a°.,"fﬁ}:::f,“" >§°3".';°°""g parietal cells
with the central cleft by means of

lateral channels, the secretion-canaliculi, that pass outwards between the
chief cells and enclose the parietal cells with networks.

The pyloric glands differ from the fundus glands in the excessive width
and depth of their crypts, the excretory ducts, into which groups of relatively
short tortuous gland-tubules open, and in the character of their lining cells.
The latter are almost exclusively columnar or pyramidal elements which
resemble the chief cells of the fundus glands. That, however, they are at
least functionally different is shown by their behavior with certain stains, as
well as by the mucus reaction of their secretion. The spherical nuclei com-
monly lie near the basement membrane. Occasional parietal cells are also
present. Owing to their tortuous course, the deeper parts of the pyloric
tubules, when viewed in sections, are cut in various planes. Within the
intermediate zone between the pyloric and adjoining portions of the stomach,
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the pyloric and the fundus glands are intermingled. Passing towards the
intestine, the transition of the pyloric glands into those of the duodenum is
gradual, the gastric tubules sinking through the muscularis mucos® until,
as the duodenal glands, they occupy the submucosa.

The cardiac glands form a narrow annular group, some 5 mm. in
width, surrounding the orifice of the cesophagus. According to the char-
acter of their cells, which resemble the chief cells of the gastric tubules,

Orifice of glands

Mucous coat

Pyloric glands

Muscularis
mucosae

Submucous coat

Circular muscle

Longitudinal
muscle

Serous coat

F1G. 199.—Transverse section of human stomach, pyloric end : a ruga is cut across, showing the mucosa
supported by core of submucous tissue. X 18.

with a few parietal cells, the cardiac glands may be regarded as modified
fundus tubules; their mucus reactions and repeatedly branched condition,
however, suggest similarity to the pyloric glands. Their excretory crypts
often exhibit ampullary enlargements. Among the more distinctive cardiac
tubules are usually a few shorter ones which recall the intestinal crypts of
Lieberkiihn.

The submucous coat consists of loose fibro-elastic connective tissue
and allows the mucous membrane to move freely on the muscular coat. In
the more permanent rugwe, the submucous tissue forms the core of the
elevation. The submucosa contains blood-vessels of considerable size, a
meshwork of lymphatics and the nerve-plexus of Meissner, as well as
occasional groups of fat-cells.



THE STOMACH. 161

The muscular coat, composed entirely of unstriped muscle, comprises
three irregular layers—the external of longitudinal, the middle of circular
and the inner of oblique fibres. None of these layers is complete in all
parts of the stomach, the circular being the least imperfect and usually the
most conspicuous. The external layer consists of longitudinal fibres, con-
tinuous with the corresponding ones of the cesophagus above and with those
of the duodenum below. It is best developed along the lesser curvature,
over the greater curvature and intervening surfaces being a thin and irregular
stratum. Towards the pylorus the longitudinal fibres form a more compact
and thicker layer, which passes without interruption over the gastro-intestinal
“junction into the outer mus-
cle of the duodenum. The
middle layer, while com-
plete and circularly dis-
posed within the pyloric
end, is imperfect and ob-
lique towards the fundus.
It is continuous above with
the superficial circular fibres
of the gullet; these, on
reaching the stomach, how-
ever, are arranged as loops,
which overlie the lesser
curvature but do not reach
the fundus. As these loops
pass downward they in-
crease in length and regu-
larity until, at the middle of
the stomach, the circular
strands completely girdle
the organ. Towards the
pylorus the circular bundles
thicken and, at the imme-
diate end of the stomach,
surround the opening into
the intestine with a robust
muscular ring, the pyloric

sphincter, the outer part of
which alone continues into F!G. 200.—Section of pyloric end of stomach, showing glands ana

g part of a lymph-nodule. X 182.
the duodenum. The #nner
layer, the least complete and most oblique, begins at the left of the cesopha-
geal orifice as a prolongation of the deeper circular fibres of the gullet.
On the stomach the fibres are disposed as loops which cover the fundus with
a fairly continuous layer, but become progressively more oblique and incom-
plete over the surfaces of the middle third, being absent over the lesser
curvature and the pyloric fourth of the stomach. It is evident, therefore,
that within the narrow tubular part of the organ, the muscle layers
have the most definite and orderly disposition; here they show in
cross-sections as a well-developed inner circular and a definite external
longitudinal stratum (Fig. 199).
The serous coat corresponds in structure with other portions of the
visceral peritoneum, consisting of the surface mesothelial plates and - the
" subjacent tunica propria of fibro-elastic connective tissue.
1X
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The blood-vessels of the stomach include arterial branches from the
three subdivisions of the ceeliac axis. At first the arteries lie just beneath
the peritoneum, between the folds of which they gain the stomach and to
which they give off branches. They then pierce the muscular tunic, whose
outer part is supplied. during their passage. On reaching the submucous
coat, the arteries, still of considerable size, form a coarse network, from
which some small vessels passinto the muscular layer to complete its supply,
while many more penetrate the muscularis mucosz and enter the tunica
propria. Here they form a network beneath the glands from which pass
slender capillaries to surround the gastric tubules and to encircle the mouths

F1G. 201.—Transverse section of injected stomach. X so.

of the glands beneath the epithelium. From these superficial capillaries the
blood is returned by relatively straight unbranching veins that pass between
the gland-tubules and join the venous plexus in the deepest part of the
tunica propria. Thence tributaries join the submucous venous plexus from
which the larger trunks accompany the arterics.  Although the important
tributaries of the portal system are devoid of valves, the veins which imme-
diately drain the stomach are provided with such folds.

The lymphatics, or ckyle vessels, begin within the tunica propria as
blind capillaries that course between the gland-tubules as far as the close
network in the depth of the stroma. Numerous channels establish com-
munication between the lymph-paths of the mucosa and the wide-meshed
plexus of larger vessels within the submucous coat. A second network of
lymph-capillaries extends between the layers of muscle and joins the efferent
lymph-paths that connect the gastric walls with the neighboring nodes.
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_ The nerves of the stomach are from the vagi and the sympathetic and
contain both medullated and nonmedullated fibres, the latter predominating.
After forming a subserous plexus beneath the peritoneum, they pierce the
external layer of longitudinal
muscle and between the latter
and the circular muscle broaden
out and unite into the plevus
myentericus or plexus of Auer-
back. This is an extended
network, with rounded angular
meshes, whose points of inter-
section are occupied by micro-
scopic ganglia composed of small
groups of sympathetic cells.

From these numerous fibres

pass to the adjoining sheets of Fic. 202.—Surface view of muscular coat of stomach,
involuntary muscle to terminate :?mg%‘irg?p;osf:anghon-cells and nerve-fibres of plexus
in free endings among the fibre- ‘

cells (page 86). Other fibres form the intramuscular plexus and pene-
trate, as obliquely directed bundles, the intervening muscle to gain the
submucous coat. Within the latter they form the swbmucous plexus or
plexus of Meissner, which, while resembling the intramuscular network
in its general features, is less pronounced, finer meshed and beset with
smaller ganglia. Numerous nonmedullated fibres leave the submucous
plexus to enter the overlying tunica propria, in which some end in delicate
plexiform threads around the gastric glands and others in fibrils for the
muscularis mucose. Medullated fibres, dendrites of sensory neurones, are
also present within the mucosa, where they form a subepithelial plexus after
losing their medullary coat. They end in minute varicose threads within
the tunica propria; whether some fibrils pass between the epithelial cells is
uncertain.

THE SMALL INTESTINE.

The small intestine, about 7 meters or 23 ft. in length, is convention-
ally divided into three parts—the duodenum, the jejunum and the #lewm.
Although typical portions of these segments can be readily distinguished
from one another, chiefly by the modifications of the mucous coat, the
transition between them is so gradual that differentiation is in places impos-
sible. The small intestine, as other parts of the alimentary tube below the
diaphragm, consists of four coats—the mucous, the submucous, the muscrlar
and the serous. .

The mucous membrane, or mucosa, presents the greatest variations,
since its function as an absorbent surface requires an extent of area most
economically provided by folds and projections. These elevations of the
mucosa, which include plications and villi, are most marked in the upper
part of the intestine, where absorption is most active, thence gradually
decreasing until in the terminal part, where the small intestine passes into
the large, they almost disappear.

The epitheliun, everywhere covering the free surface, including the villi,
consists of a single layer of columnar cells, whose ends next the intestinal
lumen are invested by a narrow and often delicately striated cuticular border.
The latter, present only in the fully matured cells, lacks stability and is readily
resolved into minute vertical rods, probably continuous with the spongio-
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plastic threads within the body of the cell. In places, especially over the
villi, many of the epithelial elements are engaged in producing mucus and,
. hence, appear as goblet-cells. - Migratory lymphocytes are usually to be
seen between the cells, while during digestion the cytoplasm of the latter is
often loaded with particles of fat. The oval nuclei occupy the deeper parts
of the cells. The tunica propria of the intestinal mucosa resembles lymphoid
tissue, since i consists of a delicate connective tissue reticulum containing
numerous small round cells similar to lymphocytes. This stroma fills the

iscle

F1G. 203.—~Transverse section of small intestine (duodenum). showing general arrangement of coats and
the two varieties of glands. X 9o. .

spaces between the glands and forms the core of the villi over which the
epithelium stretches. The deeper part of the mucosa is occupied by a well-
marked muscularis mucose, composed of an inner circular and an outer
longitudinal layer of unstriped muscle.

The villi are minute projections of the mucosa, barely visible to the
unaided eye, whose presence imparts the characteristic velvety appearance to
the inner surface of the small intestine. Although found throughout the
latter (but absent in the large gut), they are most abundant (20-40 to the
sq. mm.) in the duodenum and the jejunum and less numerous (15-30 to
the sq. mm.) in the ileum. In the duodenum they appear close to the
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pylorus, but are better developed in the second part, where they are low and
broad and measure .2-.5 mm. in height and .3-1 mm. in width. In the
jejunum the villi are conical and somewhat laterally compressed, while in
the ileum their shape is cylindrical, filiform or wedge-like and their height
from .5-1 mm. The villi are projections of the mucous coat alone (Fig.
204) and consist of a framework of the lymphoid stroma-tissue, covered by
columnar epithelium, supporting the absorbent vessel and the blood-vessels

Stron

F1G. 204.—Transverse section of small intestine (jejunum), showing the villi cut lengthwise. X 150.

and intermingled with a few strands of unstriped muscle. The supporting
framework of the villus—a complex of fibrous, reticular and elastic tissue—is
condensed beneath the epithelium into a delicate membrane. The lacteal,
as the absorbent vessel or lymphatic occupying the villus is usually termed,
begins as a blind, often shightly club-shaped channel, which runs through
the centre of the villus, surrounded by the delicate muscle-bundles and the
blood-capillaries. While the slender cylindrical villi possess a single lacteal
(25-35 ~ in diameter), those of broader form often contain two, three or even
more such vessels, which may communicate by cross-channels. Their walls
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consist of a single layer of endothelial plates and’ are surrounded by the

strands of muscle. While the absorbent vessels within the villi are at times

conspicuous by reason of the particles of fat which they contain, and hence
are called ‘*lacteals,’’ they
are only blind lymph-
radicles and actually be-
long to the system of
lymphatics. Their special
purpose is to carry the
materials taken from the
intestinal contents to the
great lymph-channel, the
thoracic duct.

The plicee circula-
res, or valvule conniven-
tes, within the duodenum
and jejunum, additionally
model the mucous mem-
brane and greatly increase
its secreting and absorbing
surface, as well as retard

) ‘ ) ) _ the passage of the intes-
Fio. 305 —Tyanswerse secion of 2 shugle villus showing relation tinal  contents,  thereby
facilitating the digestive
processes. These transverse folds begin in the second part of the duo-
denum and are duplicatures which involve not only the entire thickness
of the mucosa, but contain a central supporting projection of the submucous
coat (Fig. 207); hence they can not, as
a rule, be effaced by distention. The
height of the folds, where well developed,
rarely exceeds 6 mm., and towards the lower
part of the jejunum is much less; in the
terminal portion of the ileum they usually
are wanting.
Glands. —The structures within the wall
of the intestinal tube to which the term
‘“‘glands’’ has been applied include two
entirely different groups—the true secreting
organs, the glands of Brunner and the
crypts of Lieberkiihn, and the accumula-
tions of lymphoid tissue, the single or
aggregated lymph-nodules, which do not
secrete.
. The glands of Brunner or duodenal
glands (Fig. 208) are limited to the first N !
division of thg;a small intestine. Beginning at  memprane of Jeimum : stppied appear:
the pylorus, where they are most numerous gnce s due to vilii, which cover also the
and extensive, they gradually decrease in
number and size, until, at the lower end of the duodenum, they are entirely
wanting. In the vicinity of the opening of the bile-duct, however, they are
locally augmented. These glands are direct continuations of the pyloric
glands of the stomach, with which they agree in all essential structural
details. They are not confined to the mucous coat, as are the gastric-
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glands, but occupy chiefly the submucosa (Fig. 209). The upper part of
the duodenum possesses, therefore, a double layer of true glands—the

Submucosa Villi

Sub-
mucosa

Circular
muscle

Longi-
tudinal
muscle

Fi1G. 207.—Longitudinal section of duodenum ; plicae circulares are cut across, showing relation of these
folds to the villi. X 11.

crypts of Lieberkiihn within the mucous coat, beneath which, in the sub-
mucosa, lie the glands of Brunner. The individual duodenal glands, tubo-

.ieberkiihn

F1G. 208.—Longitudinal section of duodenum, showing Brunner’s and Lieberkiihn's glands villi and
lymph-nodule. X 68,

alveolar mucous in type, form somewhat flattened spherical or polygonal
masses (.5-2 mm.), consisting of richly branched tubules ending in dila-
tations. Their excretory ducts pierce the muscularis mucosz and, after
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traversing the tunica propria, open either directly on the free surface, or into
the crypts of Lieberkiihn. The columnar gland-cells lining the duodenal
alveoli are probably identical in nature with those of the pyloric glands.
The crypts or glands of Lieberkiihn are simple tubular depressions
which are found not only throughout the small intestine, but the large one
as well. Under low magnification, the surface of the small intestine exhibits
numerous pits, the orifices of these crypts, which'almost fill the spaces
between the bases of the villi; with the exception of the areas immediately
overlying the lymph-nodules, where they are displaced, these glands are
present in all parts of the intestinal tube. They are very closely set, narrow
and penetrate the tunica propria as far as the muscularis mucosz. Inlength
they vary from .2—.4 mm., and in diameter from 60-80 . The lining of the
crypts rests upon a delicate basement membrane and consists of a single

F1G. 209.—Longitudinal section through junction of stomach and duodenum, showing transition of
pyloric into duodenal glands; also thickening of circular muscle to form sphincter pylori. X 1s.

layer of columnar cells, continuous with those covering the villi. They differ
from these in being shorter and without the cuticular border seen on the
villi. In view of the presence of mitotic figures within the crypt-epithelium
of the adult, it is probable that the young cells here produced are gradually
pushed upwards and supply the elements required to replace the old worn-
out surface cells on the villi. Goblet-cells, as well as migratory colorless
blood-corpuscles, occur among the lining of the crypts. Constantly within
the human ileum, the deepest parts of the crypts of Lieberkiihn contain
small groups of granular elements, the cells of Paneth, whase significance
is undetermined. The duodenum, jejunum and vermiform appendix are
uncertain seats of these cells, while within the large intestine they are absent.
The fact that such cells are wanting in many orders of animals possessing
well developed intestinal crypts, points to some special, rather than a general,
purpose.

Lymph-Nodules.—The lymphoid tissue within the intestinal tube
occurs in the form of circumscribed nodules, which may remain isolated, as the
solitary nodules, or be collected into considerable masses, as Peyer's patches.

The solitary nodules vary greatly in number and size, sometimes
being abundant in all parts of the small intestine, at other times almost
wanting; usually they are few in the upper and numerous in the middle and
lower parts of the tube. They appear as small whitish elevations, spherical
or pyriform in shape and from .2-2.5 mm. in diameter. Villi and crypts of
Lieberkiihn are wanting over the prominence of the nodules (Fig. 210).
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In’structure the solitary nodules correspond to lymph-nodules in other

localities, consisting of a capsule of fibrous tissue enclosing the delicate reticu-
lum which supports the lymphocytes within its meshes. Within the larger
nodules, spherical or ellip-
soidal germ-centres are
present; they are, how-
ever, not constant, being
present, as a rule, in young
subjects, but often absent
in older ones. Each nod-
ule is surrounded by a rich
network of small blood-
vessels, from which fine
capillaries penetrate the
lymphoid mass (Fig. 151).
Definite lymph-paths are
absent within the nodules,
although a plexus of lym-
phatics surrounds their
exterior.

The aggrcgated nod- _F1G. 210.—Surface view of mucous membrane of small intes-
ules or peycr's patches gl(l;eo .(lleum), showing villi, glands and solitary lymph-nodules.
are collections of simple
nodules, the individual nodules being blended by intervening lymphoid tissue
(Fig. 211). They are present in the lower half of the small intestine, especially
in the ileum, but exceptionally are found as high as the beginning of the
jejunum. The patches appear as slightly raised elongated oval areas. They

Submucosa supporting mucosa

Margi®® o P

Solitary nodules

F1G. 211.—Transverse section of ileum, showing a Peyer’s patch cut across. X 8.

usually number about thirty, although as few as eighteen or as many as eighty-
have been counted. Their length is ordinarily from 1-4 cm. and their breadth
from 6-16 mm. Each patch contains from 20-30 ovoid individual lymph-
nodules which, when well developed, occupy both the mucous and submucous
coats, their smaller ends almost reaching the epithelium and their bases the
muscular tunic. The villi and crypts of Lieberkiihn are present over the
areas between the nodules, although less developed than beyond the patch.
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In structure, the component lymph-nodules correspond to the solitary nodules,
the aggregated nodules being blended into a continuous mass by the less densé
lymphoid tissue filling the spaces between the individual nodules. The entire
patch is defined from the surrounding tissues by an imperfect fibrous capsule.
The submucous coat of the small intestine, although lax, does not
allow displacement of the plice circulares, except in the lower part of the
tube. In addition to most of Brunner's glands and the lymph-nodules, the
submucosa contains blood-
vessels and lymphatics of
considerable size and the
nerve-plexus of Meissner.
The muscular coat,
about .4 mm. thick, consists
of an inner circular and an
outer longitudinal layer of
involuntary muscle. The
s circular stratum is some two
or three times as thick as
the longitudinal one and is
the more regular in arrange-
ment. The thin longitudi-
nal layer is often imperfect,
especially along the attach-
ment of the mesentery. The
entire muscular coat dimin-
ishes in thickness towards
the lower end of the small
intestine. .
The serous coat, with
the exception of that of
the duodenum, completely
invests the gut except along
the line of attachment of the

mesentery, where the two

F1G. 212.—Transverse section of injected small intestine, show- , 1 H
ing general distribution of vessels. X 45. la) ers of pentoneum dlverge'

leaving a non-serous area
between them for the passage of blood-vessels, lymphatics and nerves.
In structure the serous coat of the intestine corresponds to that of the
stomach, and includes essentially the fibro-elastic connective tissue stroma,
covered on the free surface with mesothelium.

The blood-vessels supplying the small intestine reach the walls of the
tube between the peritoneal folds constituting the mesentery. After sending
branches to the serous coat, the arteries penetrate the muscular tunic (to the
outer part of which twigs are given in passing) to gain the submucosa.
Within the latter, additional twigs are given to the muscular coat, while
others supply the glands and lymph-nodules lying in this tunic. Larger
branches pass from the vessels of the submucosa into the mucous membrane,
some to break up into capillaries forming networks around the gland-tubules
and others to supply the villi. Each villus receives from one to three arteri-
oles, which resolve into capillaries occupying the peripheral part of the
stroma. The blood is returned by a single axial vein which traverses the
projection and becomes tributary to the larger venous stems within the sub-
mucous coat, as do the other veins of the tunica propria that commence near
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the epithelium. The veins within the submucosa accompany the arteries
through the muscular coat and unite into the emergent venous channels that
course with the arteries between the peritoneal folds.

The lymphatics of the small intestine, long known as the Jacfeals on
account of their milky appearance when containing finely divided particles
of fat, begin as the absorbent vessels of the villi. In addition, lymph-chan-
nels form a plexus within the tunica propria in the nelghborhood of the
muscularis mucose, from which tributaries pass to the larger submucous
plexus. The latter is characterized by irregular contours, due to the dila-
tations associated with the numerous valves. The emergent lymphatics
penetrate the muscular coat and, within the serous tunic, unite into larger
trunks that pass to the lymph-nodes between the peritoneal folds; from these
smaller nodes lymphatics converge to the larger mesenteric lymph-nodes.

The nerves supplying the small intestine are derived from the solar
plexus, and include both medullated and nonmedullated fibres, the last being
chiefly from the sympathetic. In their distribution, they closely follow the
arrangement observed in the stomach (page 163), including the plexus of Auer-
bach and of Meissner and, additionally, a plexus of nonmedullated fibres
within the villi.

THE LARGE INTESTINE.

The large intestine, subdivided into the czecum, the colon and the rectum,
measures about 1. § metersor nearly 5 ft. in length. Asother parts of the intesti-
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F16. 213.—Longitudinal section of large intestine (ascending colon), showing the general arrangement of
the coats and a solitary lymph-nodule. 30.

nal tube, it consists of four coats—the mucous, submucous, muscular and serous.

The mucous coat of the large intestine agrees in its essential structure
with that of the small gut, consisting of a funica propria, resembling lymphoid
tissue, covered by a single layer of columnar gpithelium exhibiting a cuticular
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border. It differs, however, in having neither villi nor plicz circulares, and,
in consequence, lacks the velvety appearance of the small intestine, the mucous
surface being smooth, although thrown into folds and pouches by modifications
in other coats. The muscularis mucosz is less regular in its development,
being feebly represented in the colon and exceptionally thick in the rectum.
The crypts of Lieberkiikn resemble those of the small intestine, but are
larger (.4~-.5 mm. long) and less interrupted. Within the rectum they may
attain a length of .7 mm. The lining of the crypts is conspicuous on account
of the abundance of goblet-cells, which in the middle and upper parts of the
tubules almost replace the ordinary epithelial elements. As in the small
intestine so here, mitotic figures are often seen in the cells lining the crypts,
4 the new elements so arising being eventually
pushed to the surface to replace the old ones

that are disappearing. 3
The lymphoid tissue occurs as solitary
nodules only, Peyer’'s patches being absent in
the large intestine. The lymph-nodules are .
largest and most plentiful in the caecum and in
the vermiform appendix; in the latter situation
they are so numerous
that in places they form
an almost continuous
mass of lymphoid tis-
sue. In the colon the
nodules are less abun-
dant, but in the rectum
they are again numer-
ous. They are gener-
ally of larger size (1.5-
3 mm.) than in the

F1G. 214.—Portion of mucosa of large intestine, showing crypts of small intestine.
Lieberkiihn cut lengthwise (A) and crosswise (8); epithelial elements The submucous

contain mucus and are ‘‘goblet-cells.” X 160.

coat closely resembles
the similar fibro-elastic connective tissue tunic of the small intestine, and
allows fairly free play of the mucous membrane. In addition to the blood-
vessels, lymphatics and nerve-plexus of Meissner, it contains the deeper and
more expanded portions of the solitary lymph-nodules.

The muscular coat includes a thicker internal layer of circular fibres
and an external one of longitudinal fibres; the latter, however, are not
uniformly distributed, but, in most places, are collected into three bands,
the fenie, between which the longitudinal muscular coat is extremely thin
or imperfect. These bands are shorter than the layers of the intestinal wall
internal to them, and are responsible for the characteristic sacculation of the
large intestine. The circular muscle increases markedly towards the lower
end of the rectum, and in the anal canal becomes augmented into a sheet of
involuntary muscle, some 4 mm. thick, known as the internal sphincter.

The serous coat is incomplete in certain parts of the large intestine
owing to secondary changes during development and growth. In structure
it corresponds to the peritoneal investment of other parts of the alimentary
tract (page 175). The characteristic little fringes or bags, the appendices
epiploice, that are attached, particularly along the median aspects of the
ascending and descending colon and on the lower side of the transverse
colon, consist of pouches of peritoneum filled with adipose tissue (Fig. 218).

r
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The blood-vessels, lymphatics and nerves of the large intestine follow,
in the details of their distribution, the general plan described in connection
with the small intestine (page 170).

The ileo-colic valve, guarding the entrance of the ileum into the
large intestine, results from the thrusting of the small gut into the large,
during fcetal life, in such a way that originally all layers of the intestinal wall
are involved. Where the two serous coats come into contact, the meso-
thelium disappears and the permanent union is effected by fibro-elastic tissue
and secondarily developed longitudinal muscle. Although both layers of
the original muscular coat are carried into the folds of the valve, it is the cir-
cular muscle that undergoes marked
thickening and forms the efficient
sphincter guarding the opening. The Mucosa
mucosz covering the two sides of the
crescentic valve-folds differ, that con-
tinued from the ileum possessing villi
which, as rudimentary elevations, con-
tinue almost to the margin of the folds.

The vermiform appendix,
the slender worm-like appendage at-  gubmucosa
tached to the caecum, about 8.4 cm.

(3% in.) long and 6 mm. in diameter,

contains all the coats of the large in-

testine. The mucous coat is thrown

into longitudinal folds and encloses

a narrow irregular lumen. Inits gen-

eral structure it corresponds to the

mucosa of the large intestine, but is

infiltrated to an unusual degree with

lymphocytes. These are collected .

into many lymph-nodules, with germ- et

centres, the lymphoid tissue being so

abundant that it often almost encircles

the appendix as a continuous mass. Longitudinal

The crypts of Lieberkiihn contain an muscle

unusually large number of goblet-
cells; these are, however, few on the
free surface. The inner circular mus-  Fig. a15.—Transverse section of injected lar

cle is about twice as thick as the ex- inlestine),< showing distribution of arteries to the
coats. 20,

Serosa

ternal longitudinal layer. The lym-
phoid tissue of the vermiform appendix is, as elsewhere, most developed in
childhood and tends to atrophy in middle life. Along with such atrophy, the
walls of the appendix manifest a disposition to adhere, more or less obliterating
the lumen of the tube. In consequence of these changes, after the thirty-
fifth year the appendix often exhibits variations from the normal condition.
The rectum, including the anal canal, presents modifications calling
for passing notice. The crypts of Lieberkiihn are especially large (.7 mm.
" in length), although less numerous, and do not entirely disappear until the
transition of the columnar to the stratified squamous epithelium has been
reached or, sometimes, even slightly passed. This transformation begins at
the upper ends of the vertical mucosa-folds, the recfal columns or columns of
Morgagni, that surround the anal canal and contain strands of muscle; at
the level of the crescentic folds, the aza/ valves, connecting the bases of the
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columns, the mucous membrane is replaced by the skin lining the lower
segment of the anal canal. The surface of the rectal mucosa is punctated
with minute tubular depressions, the recfa/ pits of Cunningham, at the

cle

F1G. 216.—Longitudinal section through junction of vermiform appendix and caecum. X r10.

bottom of each of which is an accumulation of lymphoid tissue resembling a

lvmph-nodule. The submucous coat is lax and contains the extensive hemor-

cle

F1G. 217.—Transverse section of vermiform appendix. X 10.
rhoidal plexus of veins. In addition to the temporary folds, the rectal

mucous membrane presents usually three crescentic shelf-like projections,
the rectal valves, that are ineflaceable. These plicee are formed by the



THE PERITONEUM. 175

infolding of the mucosa, submucosa and greater part of the muscular tunic,
a portion of the longitudinal muscle passing over the creases externally.
The shortness of the muscular bands, into which the longitudinal muscle is
condensed in front and behind, serves to maintain these transverse folds.
Where the peritoneum is wanting, as it is except over part of the anterior
aspect of the rectum, the serous coat is replaced by a fibrous one composed
of fibro-elastic tissue.

THE PERITONEUM.

The peritoneum, the serous membrane lining the abdominal cavity and

covering more or less completely the therein contained organs, consists of a
connective tissue sfroma and the surface layer of mesothelium. The latter
is a single layer of plate-like cells (Fig. 25) irregularly polvgonal in form
and of varying size, whose contours are mapped
out, after staining with silver nitrate, by delicate
sinuous dark lines that correspond with the particles
of reduced silver in the intercellular cement-sub-
stance. [Each cell encloses an oval flattened nucleus,
usually somewhat eccentrically placed, that is almost
invisible until tinged with some appropriate - dye.
The size and form of the mesothelial plates vary
much with the tension to which they are subjected;
when unduly stretched, they are often imperfect or,
indeed, displaced.

The stroma consists of a feltwork of con-
nective tissue bundles of variable fineness, those
of the parietal being commonly more robust than
those of the visceral peritoneum. The deeper part
of the stroma contains numerous elastic fibres,
which are most abundant and developed in the
parietal sheet, where they form a distinct network.

Seldom in the mesenteries but constantly in the

omenta, the stroma undergoes partial absorption,

whereby larger or smaller openings, fenestra, result

(Fig. 38). In this manner what originally was a (5
continuous sheet becomes a fenestrated membrane, F1G. 218.—Longitudinal sec-
over which the mesothelium stretches as an un- !ion of an epiploic appendage.
broken covering, investing the trabecule as well ’

as the parts still retaining the character of membranes. The nuclei of the
connective tissue cells and those of the mesothelial plates are seen inter-
mingled. Although all the important peritoneal folds, as the mesenteries,
omenta and many of the so-called ligaments of the viscera, theoretically
‘include two layers of serous membrane and an intervening layer of connective
tissue prolonged from the body-wall, in which course the vessels and nerves
supplying the organs, such duplicatures consist essentially of a general
connective tissue stroma-layer covered on each side by a stratum of meso-
thelium. Wherever two peritoneal surfaces are brought into permanent
contact, the mesothelium disappears and the serous character of the attach-
ment is lost, the union henceforth being one of fibrous tissue. Where readily
movable, as over most parts of the abdominal and pelvic walls and many folds,
the attachment of the peritoneum to the subjacent parts is effected by a layer
of fat-laden subserous tissue. This fibro-elastic layer varies in thickness,
but in many places, as over the liver, stomach or intestine, where the perito-
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neum is intimately attached, the subserous tissue is so reduced as to be practi-
cally wanting. In certain localities, conspicuously in the broad ligament of
the pelvis, the subserous tissue contains strands of unstriped muscle.

The blood-vessels supplying the peritoneum itself are meagre in size
and number. The lymphatics include a superficial network beneath the
mesothelium and a deeper plexus of lymph-channels within the stroma. The
nerves include both medullated and nonmedullated fibres, the latter being
destined for the walls of the blood-vessels. The sensory fibres supplying the
parietal peritoneum in many cases are‘connected with lamellated corpuscles
and end-bulbs (Fig. 116).

THE LIVER.

The liver, the largest gland in the body, consists of very delicate gland-
ular tissue disposed around the ramifications of the portal vein. Developed
in the primitive anterior mesentery, its connective tissue (mesodermic) ele-

— Sublobular branch of hepatic veln

F1G. 219.—Diagram of hepatic lobule; Y‘ortlons of surface and of transverse and longitudinal sections
of the lobule are represented. The branches of the portal vein are purple; of the hepatic artery, red ; of
the hepatic veins, blue; of bile-ducts, yellow; the intralobular bile-canaliculi are black.

ments have a common origin with the diaphragm, while its duct and glandular
clements are derived from a sprout from the duodenum. Hence the liver is an
outgrowth and appendage of the alimentary tube. Its peculiar shape is due
chiefly to the pressure of surrounding organs, since its tissue is so plasticasto be
moulded by them. Theliver weighsfrom 1450-1750 gm., approximately 3-334
Ibs., and in the adult contributes about one fortieth of the entire body weight.

In its fundamental arrangement, the liver corresponds to a highly
modified compound tubular gland. Early in feetal life, however, the termi-
nal divisions of the tubules unite to form networks, after which the tubular
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character of the liver becomes progressively more masked by the inter-
growth of the cell-cords and the large veins. The glandular tissue is subdi-
vided by connective tissue into small cylindrical masses, the Jobules, which
on the surface of the organ are seen as little polygons, 1—2 mm. in diameter.
This interlobular tissue is continuous with the fibrous envelope, or capsule,
that invests the exterior of the liver, at the transverse fissure being prolonged
as the capsule of Glisson into the organ in company with the interlobular
vessels. The distinctness with which the lobules are defined depends upon
the amount of the interlobular tissue. This is notably abundant in the hog’s
liver, in which the lobules appear as sharply marked polygonal areas. In
the human liver, on the contrary, the interlobular tissue is very meagre,
the lobules, in consequence, being poorly defined and uncertain in outlin
(Fig. 221). '
The Blood-Vessels of the Lobule.—The arrangement of the blood-
vessels is the salient feature in the architecture of the fully formed hepatic

F1G. 220.—Section of liver injected from hepatic vein, showing intralobular capillary network. X 100.

lobule. The divisions of the portal vein—the vessel bringing blood to the liver
for its function—enter at the transverse fissure and break up into branches
- which ramify within the interlobular tissue (capsule of Glisson) and encircle
the lobules. These interlobular veins give off numerous small branches that
enter the periphery of the lobules to resolve at once into the intralobular
capillary network. The general disposition of this network is Tadial, the .
capillaries converging towards the middle of the lobule where they join to
form and empty into the central or intralobular vein. The course of the
latter corresponds with the long axis of the lobule, hence, in cross-sections
of the lobule, the central vein appears as a transversely cut channel towards
which the capillaries converge (Fig. 220). The capillary network within
the lobule is made up of vessels usually about 10 ;2 in diameter, the widest
capillaries (20 1) being in the immediate vicinity of the afferent and efferent
veins. The meshes of the capillary network vary from 15-45 ¢ in their
greatest dimension, those at the periphery being broader and more rounded,
while those near the centre of the lobule are narrower and more elongated.
12
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The central vein traverses the axis of the lobule, enlarging as it proceeds,
to the base, as the side of the lobule through which the vein escapes is termed.
The central vein begins usually about midway between the base and the
opposite border of the lobule and is formed by the confluence of the capillary
tributaries. Immediately on emerging from the lobule, the central vessel
opens into a sublobular vein, which runs, in a general way, at right angles
to its jntralobular tributaries and along and beneath the bases of the lobules.

F1G. 221.—Section of uninjected liver, showing the general arrangement of the lobules, interlobular and
intralobular vessels. X 120,

The sublobular veins are thus surfounded by the bases of the lobules, a
single central vein returning the blood from each. The sublobular veins
join to form larger trunks, which in turn unite and constitute the branches of
the Aepatic veins, the large venous channels, commonly several, that carry
the blood from the liver into the inferior vena cava.

The Liver-Cells.—The meshes of the interlobular capillary network
are occupied by the hepatic cells, the bile-capillaries and a meagre amount
of delicate connective tissue. The liver-cells are arranged as cords or trabec-
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ulze which conform in their general disposition and shape to the intercapillary
spaces which they fill. When isolated, the liver-cells present a polygonal
outline and measure from 15-25 £ in their longest dimension. Each cell
comes into contact with from six to nine other ones, the surfaces of contact
being plane from mutual pressure. Always one side, often more than one,
exhibits a shallow concavity that indicates the surface of former contact with
a capillary. The cells lie against at least one capillary and sometimes several,
this relation depending upon the size of the blood-channel. The liver-cell
consists of finely granular protoplasm, which at times exhibits a differentiation
into an outer and inner zone. It is without a cell-membrane, although the
cytoplasm is condensed at the periphery. The spherical nucleus contains
relatively little chromatin and usually a nucleolus. Occasional cells are
conspicuous on account of their large size and unusually large nucleus;
such elements probably
undergo direct division
and produce the double
nucleated cells constant-
ly encountered in sec-
tions of normal liver.
Centrosomes have also
been observed. Particles
of glycogen, minute oil
drops, and granules of
bile-pigment are fairly
constantinclusions. Fat-
containing cells are most
abundant at the periph-
ery of the lobule, those
containing pigment par-
ticles near the centre.

The Bile-Capil-
laries.—These .mml“e F1G. 222.—Section of uninjected liver, showing cords of hepatic cells
canals. representmg the between the capillary blood-vessels. X 400.
lumina of ordinary tubu-
lar glands, form a network of intercommunicating channels throughout
the lobule, closely related to the liver-cells. Instead of the arrangement
usual in glands, where several secreting cells border the gland-lumen each
with a single surface, in the exceptional case of the liver the excretory
channels are bounded by the opposed surfaces of only two cells, the
bile-capillary occupying but a small part of these surfaces, which it
models with a narrow groove. Moreover, the canaliculi are not limited to a
single surface on each cell, for they are found between all surfaces where
two liver-cells are directly in contact. Hence, each hepatic cell is in imme-
diate relation with a number of bile-capillaries. The latter, however, never
lie on the surfaces of the liver-cells directed towards the blood-channel, the
bile-canaliculus never separating the blood-capillary and the liver-cell.
Whilst the dominating direction of the bile-capillaries is radial and corre-
sponds to the general disposition of the trabeculz of hepatic cells, this radial
" arrangement is converted into a network by numerous cross-branches (Fig.
224). The resulting meshes agree in size and form with the individual liver-
cells, which often appear surrounded by the bile-capillaries. The latter
possess no walls other than the substance of the liver-cells between which
\ they liec. The diameter of the minute biliary canals (1-2 z ) remains con-
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stant throughout the lobule until the canaliculi reach the margin. Here the
liver-cells abruptly diminish in size and become continuous with the low

F1G. 223.—Section of liver in which both the blood- and bile capillaries have been injected; the biliary
channels surround the individual liver-cells. X 300.

cuboidal cells that line the excretory tubes passing from the lobule into the
surrounding connective tissue to become tributary to the larger interlobular

Interlobular
bile-duct
F1G. 225 —Artificially digested section
F1G. 224.—Section of liver treated with Golgi of liver, showing supporting interlobular
method, showing part of the intralobular network of fibrous tissue (below) and intralobular
bile-capillaries. X 200. reticulum (above). X 200.

bile-ducts. The ultimate relations between the bile-capillaries and the liver-
cells is still a subject of discussion. According to some, extensions of the
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capillaries normally exist within the substance of the cells, thus forming
intracellular secretion-canaliculi. The latter are sometimes pictured as
ending in minute dilatations, the secretion-vacuoles. 1t is highly probable that
such appearances, while not artefacts, at least depend upon particular condi-
tions of secretory activity and are, therefore, not constant details of the
hepatic cells.

The intralobular connective tissue is very meagre in amount and
consists of delicate prolongations of the interlobular fibrous tissue along the
blood-capillaries. The tissue occurs only between the blood-channels and
the cells and never between the latter. Although present in some quantity
immediately around the central vein, in other parts of the lobule it is repre-
sented by lattice-works of fibres which surround the capillaries. The fibres
are not elastic in nature, but correspond most closely to modified white fibres,

cells

F1G. 226.—Section of liver, showing interlobular tissue and vessels. X 160.

the entire intralobular connective tissue belonging to the variety known as
reticulum. The small spindle or stellate elements seen in gold preparations,
known as the cells of Kupffer, have been shown to belong to the capillary wall
(perhaps distorted endothelial cells) and not to the perivascular fibrous tissue.

The Biliary Passages.—The interlobular bile-ducts, which re-
ceive the canals that pierce the periphery of the lobule as outlets of the
intralobular network, accompany the branches of the portal vein and of the
hepatic artery within the connective tissue between the lobules. The ducts,
from 30-50 i+ in diameter, form a network over the exterior of the lobule
and possess walls consisting of a delicate fibro-elastic coat, in the smallest
tubes little more than a basement membrane, lined with low columnar epi-
thelium continuous with the cuboidal cells clothing the emergent canals.
The perilobular ducts are tributaries of larger bile-vessels, which increase in
diameter as they pass towards the transverse fissure.

The large ducts join into two main lobar trunks, by whose union, within
or just beyond the transverse fissure, the hepatic duct is formed, a tube
from 4—6 mm. in diameter and about 2.5 cm. long. Its walls include a dense
fibro-elastic tunica propria, covered with a single layer of columnar epithelium
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and beset with scattered small tubular glands. These, as well as the
surface epithelium, contain many goblet-cells producing a mucous secretion.
Bundles of unstriped muscle occur within the deeper parts of the tunica
propria; they are neither numerous nor regularly disposed in definite layers,
the chief longitudinal ones being supplemented by circular and oblique bun-
dles. As the duct-system is followed into the capsule of Glisson, the muscle
disappears from the walls of all but the larger interlobular bile-vessels, white
the fibro-elastic coat also gradually diminishes. Apart from the reduction
in height of the cells, the lining of the ducts retains throughout its character
of simple columnar epithelium, thus affording a ready means of distinguishing
the bile-ducts from the blood-vessels as they course together between the
. lobules. The existence of former masses of hepatic tissue, which have dis-
appeared during development and growth, is indicated by the blind ducts,
known as the vasa aberrantia, found outside the liver-substance along the
left border of the liver, around the inferior vena cava and in the vicinity of
the transverse fissure.

The gall-bladder, the pear-shaped receptacle for the bile attached to
the under side of the liver near its anterior border, possesses strong walls
consisting of three coats: the mucous, the muscular and the fibrous, the

F1G. 227.—~Section of wall of gall-bladder, showing plicated condition of mucous membrane. X 100.

latter supplemented by a more or less extensive investment of peritoneum.
The mucous coat, covered with a single layer of columnar epithelium about
5 n thick, is modelled by a network of slightly raised ridges that mark oft
irregular polygonal areas some 5 mm. in diameter. These areas are often
marked by minute tubular depressions of the mucosa which have been mis-
taken for glands. True branched mucous glands occur in the neck of the
gall-bladder, but are so few in other parts of the sac as to be practically
wanting. The epithelial cells exhibit a cuticular border and are often of
the goblet type and concerned in producing a mucous secretion. The
tunica propria contains a profusion of elastic fibres intermingled with the
white fibrous tissue. The muscular coat is composed for the most part of
circular bundles of unstriped fibres, but with these are interwoven longitudinal
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and oblique ones. Outside the muscle lies a dense_fiérous coat of fibro-elastic
connective tissue. Where invested with peritoneum, the latter is attached
to the proper wall of the sac by a layer of fat-laden subserous tissue.

The cystic and common bile-ducts possess walls that in structure
correspond with the hepatic duct above described, consisting of a mucous
tunic strengthened by bundles of unstriped inuscle. At the lower end of
the common bile-duct, the circular fibres are greatly augmented and form a
sphincter-like ring around the orifice of the tube where it opens into the
duodenal ampulla. The bile, the secretion of the liver, contains no dis-
tinctive cells, numerous minute oil drops and granular masses of biliary
pigment, with occasional remains of the epithelial cells lining the ducts,
being the more common objects encountered when the fresh fluid is exam-
ined microscopically.

The blood-vessels of the liver—the functional portal vein, the nutrient
hepatic artery and the emergent hepatic veins—have been sufficiently de-
scribed. It should be noted, however, that the blood conveyed to the organ
by the hepatic artery is destined for the nutrition of the interlobular struct-
ures, the capsule of Glisson and the walls of the blood-vessels and of the
bile-ducts. ~After supplying these through numerous although small twigs,
the blood is collected by venous radicles and emptied either into interlobular
branches of the portal vein or into the intralobular capillary network.

The lymphatics of the liver are represented within the lobules by
minute lymph-spaces between the blood-channels and the liver-cells. These
spaces drain into the more definite lymphatic paths within the interlobular
connective tissue, which as the deep lymphatics surround the blood-vessels
and ducts with plexuses that condense into the fifteen or more trunks emerg-
ing at the transverse fissure. The superficial lymphaltics, very numerous and
freely communicating with the deep set, arise from a close-meshed network
of lymph-channels within. the fibrous capsule.

The nerves of the liver, from the solar through the hepatic plexus,
consist mostly of nonmedullated fibres, very sparingly intermingled with
meduilated ones. The former are destined chiefly for the walls of the blood-
vessels and of the larger ducts, which, after sending filaments to the capsule,
they follow within the interlobular tissue, where occasional nerve-cells are
found along their course. A Some few fibres, probably secretory in function,
penetrate the lobules to end between the liver-cells. The meagre medullated
sensory fibres terminate within the interlobular connective tissue.

THE PANCREAS.

The pancreas, sometimes called the abdominal salivary gland, is a large
tubo-alveolar gland that lies behind the stomach, extending from the loop of
the duodenum across the spine and left kidney often as far as the spleen. It
is conventionally divided into the head, embraced by the duodenum, the body
and the tail. The interlobular connective tissue is unusually abundant;
hence the compartments of gland-tissue are loosely united and the entire
organ lacks the compactness ordinarily seen in large glands. While agreeing
in its general structure with other serous glands, as the parotid, the pancreas
differs in certain particulars. The most important of these are: (a) the
tubular, rather than saccular, form of the alveoli; (4) the marked differen-
tiation of a granular zone in the cytoplasm of the secreting cells; (¢) the
absence of specialized intralobular ducts; and (a’) the presence of the char-
acteristic islands of Langerhans.

s
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The chief pancreatic duct, whose walls consist of a single layer of
unusually tall (12 #) columnar epithelium and a tunica propria of compact

Island of
Langerhans

F1G. 228.—Section of pancreas, showing general arrangement of lobules. X 30.

fibro-elastic tissue, gives off numerous lateral interlobular branches, also
lined by a simple although lower epithelium. The canals springing from the

Alveolus

Intralobular
duct

Interlobular
duct

Interlobular
blood-
vessels and
nerve

F16. 229.—Section of pancreas, showing interlobular tissue with vessels. nerve and duct and surrounding
tubular alveoli. X 200. ‘

interlobular ducts enter the lobules, where they are lined by flattened epithe-
lial cells (3 # high) and correspond to intermediate and not to the usual
intralobular ducts. The latter being wanting, the uncommonly long inter-
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mediate ducts pass directly to the tubular alveoli into many, but not all, of
which their atteruated epithelium protrudes as the centroacinal cells. The
relation of the latter to the secretory elements within the alveolus is such
that the thinned-out duct-cells are surrounded externally by the gland
epithelium, which is thus excluded from direct
contact with the lumen of the alveolus. -\
The tubular alveoli, often tortuous and
sometimes divided, possess a well-defined base-
ment membrane, against which lie the gland-cells.
The latter are usually blunt pyramidal in shape,
with a length of about 12 g, Their cytoplasm
exhibits two well differentiated zones, an inner
granular one, next the lumen, filled with highly . ... porion of pancreas
refracting zymogen granules, and an outer clear treated with Golgi method, show-
one, next the basement membrane, which is free  beswesn the pirmdechs. x oa &
from granules and contains the spherical nucleus.
The relative width of these zones varies with the functional condition of the
cells. During rest, when the cells are stored with zymogen particles, the
granular zone is very broad and the outer homogeneous one correspondingly
narrow. With discharge of the pancreatic secretion during digestion, the
granular zone diminishes and reaches its minimum, almost disappearing,
when -the gland is exhausted. The return to a condition of rest is accom-
panied by the formation and accumulation of a new store of zymogen particles
until the granular zone is again at its maximum. Intercellular secrefion-
canaliculi are present in all alveoli in which the centroacinal cells exclude
the gland-cells from the lumen. They extend between the cclls almost, but
not quite, to the basement membrane (Fig. 230) and serve to convey the
secretion-products through the
obstructing central cells dnto
the lumen of the alveolus.
The interalveolar cell-
areas, or islands of Lan-
gerhans, appear as small
collections of modified gland-
tissue, some 3 mm. indiameter,
lying between the tubular
alveoli, from which they are
separated by delicate envelopes
of fibrous tissue. These bodies
consist of anastomosing solid
cords or trabeculee of small
polyhedral cells, faintly gran-
ular and without zone differ-
entiation, separated by wide
F1G. 231.—Section of pancreas, showing details of island capillary blpod-vesse]s, the
T of Langerhans. X 1go. whole recalling the arrange-
ment \of the liver-substance.
No extension of or connection with the duct-system of the organ has been
demonstrated within these areas, secretion-canaliculi likewise being wanting.
In view of their isolation from the surrounding glandular tissue and their
intimate relation with the blood-channels, the interalveolar cell-areas are
now generally believed to be concerned in producing some special substance
that passes directly into the circulation; they may be regarded, therefore, as
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minute multiple organs of internal secretion. They are developed from the
same tissue which gives rise to the ordinary glandular elements of the pancreas
and are constant features not only of the human organ, but also of the
pancreas of a wide range of animals representing mammals, birds, reptiles
and amphibians. Their distribution throughout the pancreas is by no means
uniform, since, although about equally numerous in the head and adjacent
part of the body, they may be almost double in number towards the tail.
The pancreatic duct, or duct of Wirsung, empties into the second
part of the duodenum, usually by an orifice common to it and the common
bile-duct. This relation is explained by the fact, that the beginning of the
later pancreatic duct is derived from an outgrowth of the wall of the primary

F1G. 232.—Section of injected pancreas, showing intralobular capillary network; also vascular
convolutions of islands of Langerhans. X so.

liver-diverticulum that becomes the bile-duct, both excretory canals being
thus closely connected from the first. The walls of the main duct and its
larger branches contain numerous small tubular mucous glands and bundles
of unstriped muscle. At its lower end, the circular bundles are condensed
and augmented into a sphincter-like band that encircles its duodenal orifice.

The blood-vessels supplying the pancreas are distributed to the
glandular tissue in accordance with the usual plan for such structures. The
positions of the interalveolar cell-arcas, however, are indicated in minutely
injected organs by corresponding areas in which the capillary network is
exceptionally dense (Fig. 232). The lymphatics are represented by
definite channels accompanying the interlobular blood-vessels to which the
intralobular lymph-spaces are tributary. The nerves are composed chiefly
of nonmedullated sympathetic fibres distributed to the walls of the blood-
vessels and of the larger ducts, some passing to the alveoli. Ganglion-cells,
scattered or grouped, lie along the interlobular trunks.



THE ORGANS OF RESPIRATION.

THE respiratory tract proper, that is excluding the nasal fosse (through
which the air passes when the mouth is closed) and the pharynx, includes
the organs concerned in effecting the interchange of the gases between the
blood and the inspired air and, in addition, the production of voice. It
comprises the Jarynx, the trachea and its subdivisions—the éroncki, and the
lungs, together with the serous membranes, the plexre, which surround
the lungs and line the spaces containing them. The respiratory tract is
developed as a ventral outgrowth from the primitive gut-tube and is lined,
therefore, by entodermic epithelium, all other parts of the organs being
derived from the mesoderm.

THE LARYNX.

The larynx consists of a fibro-cartilaginous framework lined with mucous
membrane and surrounded by muscles. By the action of the latter the
relative position of the cartilages is modified, thereby affecting the approxi-
mation and tension of two
folds of mucous membrane, .
known as the vocal cords, Epiglottis ) _—Hyoid cornu
that cover the free edges of Hyoid bone € / ;ir;'g::;‘l'g‘dd
fibro-elastic membranes and )
bound the cleft through

Thyroid cornu

. . Thyro-thyroid \ 4
which the air passes to and membrane ! q Cuneiform
from the windpipe. Mass of fat —{4 : cartilage
" y Corniculate
The cartilages of the ' cartilage

larynx include three single Ventricle (W2 False vocal fold
ones: the cricoid, the thyroid Vocal fold
and the gpiglottis; and three '
paired ones: the aryfenoid, ‘ Cricoid
the cornicular and the cunei-  cricoid cartilage ' / cartilage
Jorm, the last being small and
sometimes wanting. Other
minute masses of cartilage
will be noted in connection
with the structures in which
they occur. In structure the
laryngeal cartilages corre-
spond to the hyaline variety, with the exception of the epiglottis, the tip and
-vocal process of the arytenoid, the cuneiform, the corniculate and often,
but not always, the median ‘part of the thyroid, which exceptions consist of
elastic cartilage. Beginning about the twentieth vear, more or less extensive
ossification of the cartilages, especially the thyroid and cricoid, occurs as a
normal change. The arytenoid cartilages are less affected and the median
part of the thyroid is said to remain unchanged in women.

The mucous membrane lining the larynx is a prolongation of that
of the pharynx, and consists of the epithelium and tunica propria, with the
underlying submucous tissue by which the mucosa is attached to the sur-
rounding framework. The ¢pithelium is, for the most part, stratified ciliated
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Thyroid cartilage

Trachea

F1G. 233.—Median sagittal section of larynx; right half, seen
?rom within. X ¥%.
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columnar, except over the laryngeal surface of the epiglottis, the anterior
aspect of the arytenoid cartilages and the true vocal cords, where the epi-
thelium is of the stratified squamous variety. In this respect, however, the
mucosa of the upper half of the larynx presents many individual variations,
since patches of squamous epithelium are often observed within the more
general lining of columnar cells. Small scattered taste-buds are often seen
in the epithelium covering the epiglottis. The funica propria consists of
closely packed bundles of fibrous tissue, with an abundance of elastic fibres.
It contains many lymphoid cells which in certain locations, as over the epi-
glottis and especially in the ventricle of the larynx (the lateral diverticulum

False v

Lymph:
True v

Thyro-:

Thyroid

F1G. 234.—Frontal section of larynx passing through epiglottis, vocal folds and ventricle; the plane of
section is at right-angles to that of preceding figure. <'2%.

between the false and true vocal cords), are aggregated into distinct although
small lymph-nodules (Fig. 234).

The submucous layer, composed of loosely disposed bundles of fibro-
elastic tissue, varies in amount in different parts of the larynx, with corre-
sponding modifications in the intimacy of attachment of the mucous membrane
to the surrounding structures. Thus, it is meagre over the free part and
laryngeal surface of the epiglottis, the arytenoid and lower part of the cricoid
cartilages, in which positions the mucosa is closely attached. Over the true
vocal cords the submucosa is practically wanting. On the other hand,
in the aryepiglottic folds (which bound laterally the superior laryngeal orifice)
and in the ventricle it is abundant, with consequent mobility of the mucosa.
The submucous layer contains many groups of small mixed mucous tubo-
alveolar glands. They occupy pits in the cartilage of the epiglottis, and
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are numerous and relatively large over the false vocal cords (plice ventricu-
lares) and plentiful in the ventricles. They do not occur on the upper
surface of the true vocal cords within 3-4 mm. of their free margins, but
beneath the latter the glands form almost a continuous layer.

The vocal cords, more appropriately called the plicz vocales, are two
duplicatures of mucous membrane which cover the free median margins of
the lateral crico-thyroid membranes. This part of the membrane, often
designated the thyro-arytenoid ligament, is attached to the thyroid cartilage
in front and to the vocal process of the mobile arytenoid cartilage behind,

al muscle

tous layer

elium of
'phagus

cular muscle

Muscle
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F1G. 235.—Transverse section of trachea and cesophagus of child. X 1s.

and is directly influenced by the contractions of the thyro-arytenoid muscle,
which lies against the membrane externally and inserts many of its fibres
directly into the fibrous band. The submucous tissue being wanting over
the vocal cord, the here thin mucous membrane is intimately attached to the
underlying fibrous stratum of the thyro-arytenoid ligament, thus insuring
accurate response to the changes induced by muscular action. Small masses
of elastic cartilage, from 2—-3 mm. long, are occasionally found in the anterior
ends of the vocal cords; smaller pieces of similar tissue are quite common
in the ventricular plicz.

The numerous blood-vessels supplying the larynx are distributed
chiefly to the mucous membrane, in which the main capillary network lies
close beneath the epithelium. Other branches are given off within the sub-
mucous layer and provide -the capillary supply for the numerous glands.
The lymphatics are well represented throughout the greater part of the
laryngeal mucous membrane, especially in the region of the ventricle and
false vocal folds. Over the true cords, however, they are very feebly devel-
oped, but below them the lymphatics are again numerous. Where abundant,
the lymph-channels are present within the mucosa as a superficial and a deeper
network, which communicate and pass to the cervical lymph-nodes.
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The nerves supplying the larynx are chiefly from the vagi, intermingled
with fibres from the sympathetic. They consist, therefore, of medullated and
nonmedullated fibres, groups of ganglion-cells occurring along the course of
the sympathetic fibres. The latter are destined for the blood-vessels and
glandular tissue. The muscles being of the striated variety are supplied by
fibres bearing motor end-plates. The sensory fibres are distributed princi-
pally to the mucous membrane, in which they form plexuses. ~From the latter
nonmedullated fibres pass towards the free surface to terminate either in sub-
epithelial end-arborizations, bearing enlargements or end-bulbs, or in intra-
epithelial filaments ending free between the cells. Specnal end-organs
have been described as existing within the true vocal cords.

THE TRACHEA AND BRONCHI

Beginning at the lower border of the cricoid cartilage, the trachea or
windpipe extends into the thorax, a distance of some 10-12 cm., aod divides
into two bronchi, one proceeding downwards and outwards into each lung.

ium

F1G. 235.—Transverse section of trachea, showing general arrangement of the coats. X 8o.

Until the latter is reached, the walls of the air-tubes are constant in structure
and consist essentially of a fibro-cartilaginous framework, lined with mucous
membrane and covered externally with areolar tissue.

The cartilage is rcpresented by a series of from sixteen to twenty
C-shaped pieces, of the hyaline variety and from 2—5 mm. in width, which
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are united with one another by a fibro-elastic sheath continuous with the
perichrondrium of the segments. This membrane likewise connects the
ends of the ‘‘rings,’’ as the pieces are called, and thus completes the tube
behind, where otherwise the framework of the posterior wall of the trachea
and bronchi would be deficient. In order to maintain the proper tonicity of
the fibro-cartilaginous tube, especially of its membranous portion, bundles of
unstriped muscle, the frackealis muscle, lie between the ends of the cartilages.
In the main these bundles are disposed circularly, connecting the ends of the
rings, but some run longitudinally.

The mucous membrane, smooth and attached with considerable
firmness to the cartilages by the submucous tissue, but looser and thrown
into longitudinal folds over the posterior wall, is clothed with stratified ciliated
columnar epithelium. Many of the surface cells contain mucus and are of the
goblet variety. The funica propria is rich in elastic fibres and contains
numerous lymphoid cells, which are so abundant in places, particularly
around the openings of the tracheal glands, as to suggest lymph-nodules.
The submucous layer, composed of fibro-elastic tissue, lodges, in addition
to the larger blood-vessels and lymphatics, the frackeo-bronchial glands.
These occur as considerable masses (Fig. 236) and belong to the mixed
mucous tubo-alveolar type. Their ducts pierce the tunica propria and open
on the free surface by minute funnel-like depressions in the epithelium. The
blood-vessels, lymphatics and nerves follow essentially the same plan of dis-
tribution as described in connection with the larynx.

THE LUNGS.

In their mode of development and architecture, the lungs resemble
compound alveolar or saccular glands, the repeatedly subdividing air-tubes
(the bronchioles) representing the duct-system of a gland and the ultimate
compartments of the respiratory tissue (the
alveoli) corresponding to the glandular
alveoli. Instead of being almost filled with
secreting cells, however, after birth the pul-
monary alveoli are distended with air and
the cells reduced in thickness to endothelium-
like plates.

The Lobule and Lung-Units.—The
surface of the lung (Fig. 237) is marked
with small polygonal areas, 10-25 mm. in
. diameter, which are defined by lines of con-
nective tissue, often darkened by pigment.

These areas are the bases of pyramidal
masses of pulmonary tissue, the lobules,
each of which is entered by and surrounds
a minute air-tgbe,_z'n[ralobular bronchiole, g 237.—External surface of lung,
from .5-1 mm. in diameter, accompanied by showing polygonal areas, corresponding
a branch of the pulmonary artery. The ‘i L?,‘L"Lﬁ;,f:&??:‘{.;‘:.‘eby pigment
bronchiole enters thelobule near, but not quite
at, its apex and divides into two a little above the middle of the lobule, having
previously given off two or three collateral branches to its upper part. In
the third quarter of the lobule, the two branches subdivide in a plane at
right-angles to the preceding splitting. Such division is repeated in three
or four successive bifurcations, a varying number of collaterals being given
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off in addition.

NORMAL HISTOLOGY.

Although the number of branches of the air-tubules is

much increased in the third quarter, itis in the last one and towards the
periphery of the lobule throughout, that the tubules break up into a

profusion (50-100) of truly ferminal bronchioles.

5 a

F1G. 238.—Diagram illustrating relations of
terminal divisions of air-tubes. B, bronchiole
ending in terminal bronchi ( 7.8); latter divide
into atria (A), each of which communicates
with several air-sacs (s) into which open the
alveoli (a); PA, branch of pulmonary artery

Each terminal bronchiole
communicates by its slightly dilated
distal extremity with from three to six
spherical cavities, the afria, each of
which, in turn, communicates with a
group of larger irregular cavities, the
alveolar sacs, into which directly open
the ultimate air-spaces, the pu/monary
alveoli. The latter open not only into
the alveolar sacs but also into the atria
and even the distal part of the terminal
bronchiole, which is beset with scattered
alveoli. The mass of pulmonary tissue
connected with each terminal bronchiole,
including the air-spaces and accompany-
ing blood-vessels and nerves, constitutes
alung-unit, by the aggregation of which
the lobule is formed. The lobules are
separated by distinct tracts of interlobular
connective tissue, in which the air-tubes
and accompanying blood-vessels course
until they enter the lobules.

following bronchiole ; PV, pulmonary vein at
periphery of lung-unit. (Miller.) co

The Bronchioles.— After the
bronchus begins to give off branches
within the lung, the cartilage-rings gradually decrease in size and thickness
until replaced by irregular angular plates, which appear at increasingly longer
intervals until they finally cease, cartilage being seldom present in bronchioles
of less than 1 mm. in diameter. As the cartilage tends to disappear, the
unstriped muscle broadens into a
continuous layer, which, in turn,
becomes thinner as the air-tube
diminishes and extends only as far
as the terminal bronchioles. The
musgle is arranged as a sphincter-
like band around the openings
by which the terminal bronchioles
communicate with the atria.,

The walls of bronchioles of
medium size (2-3 mm.) consist
of three coats, which from with-
out in are: (1) an external fibrous
tunic, composed of fibro-elastic
tissue, which encloses the cartilage
(often elastic in type) and accom-
panying blood-vessels and blends
with the adjoining lung-tissue; (2)
a thin layer of unstriped muscle, sometimes incomplete and composed of
circularly disposed bundles; and (3) the mucous membrane, thrown into
longitudinal folds and consisting of ciliated columnar epithelium, with nu-
merous goblet-cells, and a tunica propria made up chiefly of meshes of elastic

Ay,

F1G. 239.—Corrosion-preparation of lung, showjnq
lung-units; @, minute bronchus ending in termina
bronchi (8); ¢, atria; d, air-sacs; e, alveoli. X 8.
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fibres and intervening lymphoid cells. As in the trachea and the bronchx
.the current produced by the cilia is directed centrally, and thus tends to

. FiG. ‘uo.—Section of lung, showing small air-tubes and branch of pulmonary artery. x 3s.

carry mucus and particles of dust from the smaller tubes towards the bronchi
and trached. Mucous glauds, similar to those of the trachea, are present in

decreasing number and size
until the bronchiole attains
a diameter of 1 mm., after
which they usually disap-
pear. Their chief location

1s outside the muscle, which

is pierced by the ducts on
their journey to gain the
free surface where they
open in minute depressions
within the epithelium. In
addition to the lymphoid
cells diffused through the
mucosa, more definite ag-
gregations occur as minute
lymph-nodules along the
bronchi, the points of bifur-
cation being their favorite
seats. The epithelium lin-
ing the air-tubes retains the
ciliated columnar type as
far as the~smaller bronchi-
oles. Within the latter

Alveuia: wau

F16. 241.—Portion of wall of small bronchus., X 180.

the ciliated cells are replaced by simple columnar elements, which, in turn,
give way to low cuboidal cells within the proximal part of the terminal

13
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bronchioles. Towards the distal ends of the latter partial transition into
patches of simple squamous epithelium occurs, these tubules containing,
therefore, both cuboidal and plate-like cells.

The Air-Spaces.—The wails of the air-spaces—the atria, the alveolar
sacs and the pulmonary alveoli—have essentially the same structure and
consist of a delicate fibro-elastic framework supporting the blood-vessels
and the epithelium. The latter, the respiratory epithelium, is made up of a
single layer of polygonal plates, mostly without nuclei, and includes groups
of large and 'small cells. The number of the smaller cells, as seen in silvered
preparations of adult lung (Fig. 243), progressively decreases towards the
alveoli, in which they are reduced to small groups of isolated elements sur-
rounded by the larger plates. In the feetus and in the still-born child, the
alveoli are lined entirely by low cuboidal cells; after inflation of the lung-

Passage from
atrium into air-sa

Terminal bronchus

F1G. 242.—Section of lung, showing relations of terminal divisions of air-tubes. X s0.

tissue has been completed, the cuboidal cells become expanded into the
small plates. The larger plates arise by the subsequent fusion of several of
the small ones, groups of the latter, which retain their independence, appear-
ing, in decreasing numbers as age advances, as the islands of one or more
small cells.

The framework of the pulmonary alveoli is almost exclusively elastic
fibres that are condensed into rings around the openings or bases of the
alveoli and elsewhere enclose the spaces with elastic networks. Where these
rings come into contact and fuse, the alveoli are separated by partitions of
some thickness; beyond these septa the walls between the adjoining air-
spaces are very thin and include the two layers of epithelial plates and the
dense capillary network supported by the elastic reticulum. Owing to the
elastic character of their walls, the alveoli expand during inspiration to two
or three times their usual diameter (. 1-.3 mm. ), the lining epithelial plates and
the blood-vessels stretching to the necessary degree. The capillary networks
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surrounding the alveoli are in many places common to the opposed spaces
belonging to the same unit. These networks, the terminations of the pul-
monary artery and the beginnings of the pulmonary veins, possess exceed-
ingly small meshes, the distance between the capillaries often being less than
the diameter of the vessels. The latter, not confined to one plane but
. sinuous, are excluded from the interior of the alveoli by practically only the
thin layer of respiratory epithelium, an arrangement manifestly advantageous
in effecting the interchange between the carbon dioxide of the venous blood
and the oxygen of the inspired air.

Although preformed openings or stomata do not exist between the
alveolar epithelial elements, particles of foreign materials pass through
the wall of the air-spaces and eventually into the interlobular connective

F1G. 243.—Section of lung, showing alveolar epithelium and collections of colored particles in connective
tissue. X 140.

tissue, where they accumulate as the more or less conspicuous collections of
pigment which aid in defining the outlines of the lobules. A certain amount
of such pigmentation is always found in adult lungs and may be regarded as
normal; when, however, individuals are subjected to an atmosphere unduly
laden with colored particles, as coal dust, the pulmonary tissues may be so
filled with pigment as to be in places almost black. It is probable that the
migratory leucocytes are an important means of transporting the colored
particles from the alveoli into the connective tissues. ,

The bload-vessels of the lung, as those of the liver, include two sets,
one for the function of the organ, the other for the nutrition of its tissues.
The former are the branches of the pulmonary artery and veins; the latter
are the bronchial vessels. The nutrient arteries arise from the aorta, not
directly from the heart. The branches of the pulmonary artery follow
ciosely the ramifications of the air-tubes, entering the lobules near their
apices, along with the intralobular bronchioles, and finally breaking up into
the close capillary networks in the walls of the alveoli. From these networks
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arise the radicles of the pu/monary veins which carry away the oxygen-renewed
blood. These vessels, however, do not immediately join the arteries, but,
running first on the outside of the lung-units, unite with others and then
emerge at the periphery of the lobules and run in the interlobular connective
tissue, later meeting the interlobular parts of the arteries and bronchi which
they thence accompany to the hilum of the lung. At the surface, where
the pulmonary tissue is in contact with the overlying serous membrane,
twigs from the pulmonary artery communicate with the pleural capillaries.
The bronchial arteries, the nutrient vessels of the lungs, supply the walls of
the air-tubes as far as the terminal bronchioles, as well as the walls of the
branches of the pulmonary artery and veins, the bronchial lymph-nodes and
the visceral pleura. Within the walls of the bronchial tubes they form a
deeper capillary network for the muscle and glands and a superficial one for
thetunica propria. The |
bronchial veins are trib-
utary for the most part
to the pulmonary veins;
to a small extent, how-
ever, blood passes from
them into the azygos
system. Both the bron-
chial arteries and veins
communicate with the
pulmonary vessels at
many points. :
The lymphatics
include a superficial net-
work, well developed
and beneath the pleura,
and a deep interlobu-
lar plexus surrounding
thebronchi. The deep
ones probably begin as
lymph-spaces distal to
FIG. 244.—Section of injected and inflated lung. X 8o. the terminal bronchi-
oles, around which tu-
bules definite lymphatics first appear. The superficial vessels are con-
nected with small uncertain subserous lymph-nodes, subsequently joining
the interlobular trunks, which ultimately are efferent to the larger nodes
situated in the hilum and roots of the lungs. The pulmonary lymph-
nodes are deeply pigmented owing to the accumulation of inspired colored
particles. Where cartilage exists, the plates are enclosed by double net-
works of lymphatics, the inner one lying within the submucosa.

The nerves of the lungs, from the vagi and sympathetics, are numerous
and include both medullated and nonmedullated fibres. The latter are
associated with minute groups of ganglion-cells along their course and are
destined chiefly for the walls of the blood-vessels and of the air-tubes, some
fibres finding their way into the interalveolar septa. Free terminal filaments
within the tunica propria and between the epithelial cells are described as
sensory endings in the mucous membrane of the air-tubes.

The Pleurz.—The pleurz, the serous membranes lining the cavities
containing the lungs and covering the latter except at the roots, where enter
the bronchi and the blood-vessels, in structure closely resemble other serous
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membranes. The visceral pleura consists of a stroma-layer, composed of
fibrous tissue intermingled with an abundance of elastic fibres, and a single
surface layer of mesothelial plates. The existence of definite openings or
stomata between these cells is doubtful.
The parietal pleura possesses a like struct-
ure, but is less rich in elastic fibres. The
subserous layer is scanty over the lung,
where it is continuous with the interlobular
connective tissue; over the mediastinum it
is firm and dense and on the costal wall
acquires the character of a fascia, which is
particularly dense beneath the apical pleura.
The blood-vessels supplying the vis-
ceral pleura are derivations of the pulmonary
trunks; those of the parietal pleura are
from various adjacent systemic branches.
In neither case is the ultimate distribution
a generous one, the twigs being small and
the capillaries comparatively few. The
lymphatics are most abundant over the
lungs and the intercostal spaces, where they
form meshworks within the stroma and
the subserous tissue. The nerves of the
visceral pleura include fibres from the vagi
and sympathetics by way of the pulmonary
plexuses. Those of the parietal pleura re-
ceive fibres from the intercostal and phrenic Fic. 245.—Section through free edge of
nerves and, additionally, some from the vagi ~ 'M"8:showing visceral pleura. X 150.
and the sympathetics. Many of the sensory fibres are connected with
special end-organs, as the Pacinian and Golgi-Mazzonian corpuscles, while
others terminate in free varicose endings.

Solely as a matter of convenience, in view of their contiguity, the
Thyroid, Parathyroid and Thymus Bodies may be described in connection
with the respiratory tract. It must be clearly understood, however, that
these organs have neither morphological nor functional relations with the
organs of respiration; they are, probably, to be regarded as accessory organs
of nutrition.

THE THYROID BODY.

The thyroid body is developed from an unpaired median rudiment. This
median rudiment or anlage is an entodermic epithelial outgrowth from the
anterior wall of the primitive pharynx, in the region of the second visceral
arch and in close relation with the posterior part of the tongue. The position
of this outgrowth is later indicated by a depression on the tongue, the fora-
men cecum, just behind the apex of the row of circumvallate papille. The
lateral outgrowths from the ventral wall of the fourth pharyngeal furrow do
not take part in forming the thyroid, as formerly supposed, but usually dis-
appear. The true anlage grows ventrally and subsequently forms the definite
thyroid surrounding the respiratory tube. The histogenesis of the organ
includes: (a) numerous cylindrical epithelial cords from which grow
out lateral branches; (4) fusion of these cords into a network whose
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meshes are filled with vascular mesodermic tissue; (¢) severance of the
epithelial reticulum into masses corresponding to the later follicles; (&) the
appearance within these masses of lumina, around which the cells become
arranged as the epithelial lining of the compartments subsequently containing
the characteristic colloid substance. The thyroid body agrees with the
parathyroids and the thymus in arising from the walls of the primitive
pharynx and in deviating during its later development from its original
likeness to a typical gland.

The thyroid' body is situated in the neck, in front and at the sides of
the upper end of the trachea, and consists of two lateral/ lobes connected by
a narrow strip, the #sthmus. Although during its early development cor-

’ F1G. 246.—Section of thyroid body, showing follicles in various degrees of distention. X 100.

responding in principle with compound alveolar glands, the fully formed
thyroid body possesses no excretory ducts and varies in the details of its
terminal compartments. The fibro-elastic capsule investing the organ gives
oft septa which subdivide the lobes into a number of tracts, each composed
of smaller masses, the primary lobules, separated by thin partitions of con-
nective tissue. These subdivisions (. 5~1 mm. in diameter) contain a variable
but usually large number of fo//icles, which correspond to the alveoli of
ordinary glands and are supported by a highly vascular fibro-elastic frame-
work.

The follicles, ellipsoidal or cylindrical sacs, vary greatly in size (50—
200 1), depending upon the amount of the contained secretion and disten-
tion. They are lined by a single layer of fairly regular epithelial cells,
usually cuboidal, although they may approach the columnar or flattened
type. Their spherical nuclei are surrounded by clear cytoplasm, which
often contains granules of a fatty nature. The epithelial- cells are the source
of the peculiar soft gelatinous material, the colloid substance, that fills and
distends to a variable degree the follicles. Some of the latter may appear
very small and tubular and contain no secretion, while the neighboring fol-
licles are enormously distended with masses of colloid. As usually seen in
sections, the colloid substance is homogeneous or finely granular and often
partly detached from the lining cells by shrinkage. Vacuoles are also
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common and contain materials of a mucous or fatty nature. Large granular ele-
ments, interstitial cells, occur within the connective tissue between the follicles.

The blood-vessels supplying the thyroid tissue are unusually plentiful,
the interlobular arteries, branches from the superior and inferior thyroids,
breaking up into close networks that surround the follicles and lie imme-
diately beneath the epithelium. The lymphatics, also abundant, begin as
perifollicular lymph-spaces, from which are formed the interlobular lym-
phatics accompanying the blood-vessels. The deeper lymphatics join the
superficial plexus, on the surface of the organ, from which the larger trunks

F1G. 247.—Sectlon of injected body, showing rich capillary networks surrounding follicles. X 46.

pass in different directions. The nerves are, for the most part, sympathetic
fibres supplying the walls of the blood-vessels and enclosing the follicles in
plexuses of nonmedullated filaments, which end in close relation with the
epithelial cells,

THE PARATHYROID BODIES.

These little organs, also called the epithelial bodies, when typically
present are arranged as two pairs, an upper and a lower. The upper ones
are the more constant and usually lie against the posterior surface of the
lateral thyroid lobes. The inferior bodies are less constant, both as to
position and presence, sometimes lying against the side of the trachea under
cover of the lower part of the thyroid lobes, or upon the latter, and at other
times being placed entirely below the thyroid. The disposition of the para-
thyroids may be asymmetrical, in some cases as many as four, in others none,
lying on one side. The bodies are 6-7 mm. long, 3-4 mm. broad, and 1.5-2
mm. thick, but may be larger or smaller. They arise from the dorsal wall
of the third and fourth pharyngeal furrows and thus differ from the thyroid
body in origin, as well as structure.

Each organ is invested by a thin fibro-elastic capsule and subdivided
into uncertain /obules by delicate septz, which support the larger blood-
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vessels. The distinctive tissue consists of closely placed polygonal epithelial

cells (10 p in diameter), disposed as continuous masses or as imperfectly

separated cords and alveoli. The cells have round nuclei and are lodged

within a reticulum composed of wide capillaries and delicate strands of fibro-

elastic tissue, the whole

often bearing a striking

likeness to the anterior lobe

of the pituitary body (page

309), even to the presence

of colloid substance within

some of the alveoli. When

the cell-masses tend tow-

ards the alveolar type, the

epithelium and the blood-

channels are in intimate

relation, an arrangement

probably facilitating the

distribution of the partic-

ular product of the cells.

The significance of the

parathyroid bodies as dis-

tinct organs, and not as

merely masses of modified

thyroid tissue, has been

) . established by both an-

Fic. 48 —Sgcton Including sdjece portons of buman thyrod - atomical and_ physiologi-

cal investigations; like the

thyroid, they are ‘‘ductless glands’’ and organs of internal secretion.

The blood-vessels supplying the organs are the minute parathyroid

arteries, usually from the branches of the inferior thyroid, to each one of

which a body is attached. The capillaries are relatively wide and ramify

between the nests of cells. Little is known concerning the Jymphatics and

nerves; the latter, however, are chiefly sympathetic fibres for the walls of
the blood-vessels.

THE THYMUS BODY.

Although actually increasing in size and weight until towards puberty,
the thymus body is essentially an organ of very early childhood, attaining
its highest development about the second year. At that time it stretches
from the root of the neck downwards into the thorax, behind the sternum and
over and in front of the pericardium, to about the line of the fourth costal
cartilage. It is thickest above and descends as two flattened irregular lobes,
separated by fibrous tissue, of which the left one is more often the larger.
Subsequently more or less extensive atrophy and replacement of the thymus-
tissue occurs, variable islands of the latter surrounded and invaded by fat-
cells being the usual condition of adolescence. Notwithstanding this replace-
ment by adipose and connective tissue, the thymus never entirely disappears,
remains of its tissue being present even in extreme old age.

The thymus body develops from paired epithelial outgrowths from the
ventral wall of the third pharyngeal furrows. From these result long cylin-
drical masses of closely packed epithelial cells, which grow downwards and
for a time enclose a lumen that later disappears. The masses increase by
solid outgrowths, resembling those of an immature tubo-alveolar gland, so
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that by the middle of fcetal life the organ has acquired a lobulated structure,
a condition intensified by the ingrowth of vascular mesodermic tissue.
Meanwhile, the original closely packed epithelial elements undergo marked
change, most being converted into stellate cells that form a reticulum.
From other cells arise by repeated division a profusion of very small cells
that fill the meshes of the reticulum produced by the transformation just
mentioned. The genetic relation of the small cells to the original ento-
dermic epithelium is still disputed. According to Stohr, Bell and others,
they arise from the epithelial elements; according to Hammar and others,
they are mesodermic cells that early enter the thymus and correspond to

FIG. 249.—Section of developing thymus from human fcetus of third month ; among the stellate reticulum-
cells are seen the small thymic lymphocytes. X 6go. (Hammar.)

true lymphocytes. All are agreed, however, that the ‘‘small cells’’—
the thymic lymphocytes—closely resemble morphologically the ordinary
lymphocytes. ’

The thymus is invested by a loose fibro-elastic capsule, from which
septa, rich in blood-vessels and lymphatics, pass inwards and subdivide the
organ into a number of indefinite Jobes. The latter are broken up by partial
partitions into Jobules, in which a denser peripheral tract, the corfex, and a
lighter central one, the medulla, can be distinguished, although these divi-
sions are often not sharply defined. The thymus possesses no duct-system
and, hence, is often classed as a ‘‘ductless gland.”’

The cortex consists of closely packed small cells (7-10 p in diameter),
whose cytoplasm is so meagre that the deeply staining nuclei are their most
evident parts. The small cells are supported by a delicate meshwork formed
by the stellate reficulum-cells. Numerous capillary blood-vessels, with
accompanying scanty strands of fibrous tissue, are intermingled with the
cortical elements. The medulla is of looser texture and contains, in addi-
tion to the small and reticulum-cells, much larger epithelial cells, either
singly or in limited groups and cords. _

The most distinctive feature of the medulla—and, indeed, of the entire
organ, which otherwise bears a general resemblance to lymphoid tissue—is
the presence of the irregularly spherical or elongated thymic bodies, or
corpuscles of Hassall, which appear as small lighter areas scattered through-
out the medulla. They first appear about the middle of feetal life and
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increase in number and size until, at the end of the first year, they are plentitul
and may attain a diameter of from .2-.3 mm., although usually they measure

Corticr

Capsuic
Fi1G. 250.—Transverse section of lobe of thymus body of child, showing general arrangement of
lobules. X 20.

much less (40-60 2). These bodies, present only in the medulla, are com-
posed of large concentrically disposed epithelial elements, which, flattened

1 medulla

F1G. 251.~Section of thymus, showing details of cortical and medullary substance. X 200.

and connected with the reticulum-cells at the periphery of the corpuscle, at
its centre exhibit evidences of degeneration, such as nuclei poor in chromatin
or disappearing, breaking down of cytoplasm or invasion of the cells by
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leucocytes. The centres of the bodies may enclose vacuoles containing fat,
or mucus-reacting or colloid substance—the latter by some being regarded
as representing thespecial production of the organ.

The significance and genetic relations of the thymic bodies have long been the
subject of discussion. Formerly they were regarded as the remains of the original
epithelial elements of the organ, all other parts being the products of the invading
mesoderm. In the light of present embryological data, it is probable that the cor-
puscles result from the aggregation of hypertrophied and otherwise modified reticulum-
cells and, therefore, that they are new and special formations, distinctive of the organ,
and not merely the atrophic remains of the original epithelial elements. It is evident,
however, that they are indirectly, through the reticulum-cells, derivatives of the primary
epithelium. Since new corpuscles are being continually formed and those existing
increase in size, during the active period of the thymus, it is possible that they are
concerned in producing a substance serving some particular purpose during early life.

F1G. 252.—Section of thymus body of man of twetl;ty}eight. showing invasion and replacement of thymus-
tissue by fat.

The assumed importance of the thymus as the producer of the first lymphocytes,
credited to the organ by some, is doubtful. There is no convincing evidence that the
thymus is the seat of red blood-cell formation after birth.

In addition to numerous capillaries, leucocytes and eosinophiles are present
among the constituents of the medulla. As age advances, the small cells become
less numerous and the cortex markedly diminishes in thickness, so that the medullary
substance comes into relation with the surrounding vascular interlobular connective
tissue with increasing frequency and extent. At a variable time, in some cases before
- the second year and in others not until much later, an active general regression and
atrophy of the thymus becomes established. The general process, however, is often
antedated by reduction in the thymus, probably associated with impaired nutrition,
whereby the number of the small lymphoid cells is greatly decreased and the distinction
between cortex and medulla disappears. The medulla is the seat of occasional small
cysts, of uncertain form and size, lined with epithelial elements that often bear groups
of cilia-like processes.

Coincident with the atrophy of the thymus-tissue, fat-cells progressively
appear in the interlobular tracts, which latter, in consequence, become in-
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creasingly more voluminous, with separation of and encroachment upon the
diminishing thymic tissue. Gradually the latter is replaced by the adipose
tissue, until only isolated islands of the characteristic thymus-tissue remain
(Fig. 252). Complete disappearance of this structure, however, is very
exceptional, even in advanced age a certain amount of it being recognizable
upon microscopical examination.

The blood-vessels distributed to the thymus send their twigs into the
organ in such manner, that these lie at the junction of the cortex and medulla
(Fig. 250). Capillaries thence proceed to the cortex and medulla, those
within the former being more abundant than those distributed to the medulla.
The venous radicles begin in the thymus-stroma, some passing through the
medulla while others become more directly tributaries of the interlobular
veins. The lymphatics are numerous and represented by networks of
lymph-spaces close to the periphery of the lobules, from which are formed
the more definite interlobular lymphatic vessels, that in turn drain into the
large efferent trunks. The existence of intralobular passages, corresponding
to lymph-sinuses, has not been established. The nerves are small and are
derived from the sympathetic and the vagus. The fibres are traceable along
the interlobular septa, in company with the blood-vessels, to whose walls
they are chiefly distributed. A very meagre number of nonmedullated fibres
have been described as terminating within the medulla as free endings.




THE URINARY ORGANS.

THESE organs include the £idneys, the glands which secrete the urine,
the ureters, the canals which collect the urine and convey it from the kidneys
to the éladder, the receptacle in which the uriné is temporarily stored, and
the urethra, the passage through which the urine is discharged.

THE KIDNEYS.

The kidneys are two flattened ovoid glands, of peculiar bean-shaped
form, deeply placed within the abdominal cavity against its posterior walls,
one on each side of the lumbar spine. They are invested by a thin fibrous
capsule, which is distinct from the renal tissue that it covers and is exposed only
after its removal. The mesial border of each kidney is interrupted by a slit-
like opening, the Ailum, which leads into a more extended but flattened
space, the sinus, enclosed by the surrounding substance of the kidney. In
addition to the blood-vessels, lymphatics, and nerves passing to and from
the kidney through the hilum, the sinus contains_the upper expanded end
of the ureter, which also emerges at the hilum. The interspaces between
these structures are filled with loose fatty areolar tissue.

Architecture of the Kidney.—Before describing its histological
details, it will be of advantage to consider the general plan upon which the
kidney is built—its architecture as contrasted with its structure. The entire
organ—a conspicuous example of a compound tubular gland—ls made up of
a number of divisions which in the mature condition are
so closely blended as to give little evidence of the striking
subdivision or lobulation of the fcetal kidney. The exter-
nal surface of the latter (Fig. 253) is broken up by
furrows into a number of polygonal areas, each of which
represents the base of a pyramidal mass of renal sub-
stance, the Aidney lobe, separated from its neighbors
by connective tissue. It includes the entire thickness
of the organ, between the exterior and the sinus, and
ends internally in a conical apical projection, the renal
papilla.  Shortly after birth, the lobulation gradually _FiG. 253.—Kidney of

; . new-born child, show-
disappears on the surface, which becomes smooth, the ing areas on 'surface

interlobar connective tissue septa within the organ likewise mary | ponding to  pri-
disappearing, while the papilla alone remain as indications

of the original subdivisions. ~Although the outlines of the lobes occasionally
persist on the surface of the adult human kidney, in many of the lower
animals (reptiles, birds, ruminants, cetaceans and certain carnivora) the
subdivisions are normally retained. In some mammals (rodents and insec-
tivora) the entire kidney corresponds to a single papilla, while in others
(elephant and horse) no distinct papille exist.

On examining the cut surface of the kidney, opened by a longitudinal
section passing from the convex border through the sinus {Fig. 254), the
papillze are seen to form the free apices of conical areas, the rena/ pyramids,
whose bases lie embedded within the surrounding kidney-substance compos-
ing the outer third of the organ. This peripheral zone, which in the fresh
kidney appears darker and granular when compared with the lighter and

205
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striated renal pyramid, is the corfex. The medulla includes the conical

areas of the pyramids and partially occupies the inner two thirds of the

thickness of the organ. The cortex constitutes the bulk of the kidney,

forming the entire surface, including the lips of the hilum, and receiving

and surrounding the bases of the pyramids. The cortical tissue, further,

penetrates between the pyramids, separating them and in places gaining the

sinus. These interpyramidal extensions are the renal columns, or columns

of Bertin, and consist of typical cortical substance.  Since the branches of the

renal blood-vessels lie within the interlobar connective tissue separating

the primary subdivisions of the feetal organ, these vessels never enter the

kidney-substance by passing into the papille, but always at the side of and

between these. They sink

into the renal substance,

therefore, through the areas

occupied by the renal col-

" umns, the free surfaces of

ssel  which are pitted by the
vascular foramina.

On inspection with a
hand-glass, it will be seen
ut that the cortex is not uni-

form, but subdivided into

willa  radially disposed darker

and lighter tracts. The lat-

ter, longitudinally striated

and wedge-shaped, are the

) medullary ravs, or pars

nus  yadiata, since they are ap-

Wil parently  continuations  of

the medullary tissue. The

darker tracts, between the

medullary rays, constitute

the labyrinth, or pars con-

voluta, and appear granular

F1G. 254.—Longitudinal section of kidney, showing divisions of owing to the tortuouscqu'rse

' ?énal sugslance and relations of ;)el)\:ié and c;flyces. of the COlnponent urinife-

rous tubules. The labyrinth

is studded with bright red points marking the position of minute vascular

tufts or glomeruli; these are limited to the labyrinth and, therefore, never

present within the medullary rays or the renal pyramids, although found
within the columns of Bertin.

On sectioning minutely injected organs, it will be observed that the’
larger interlobar arteries, on gaining the boundary zone between the
cortex and the medulla, break up into smaller branches, some of which pass
towards the surface, while others change their direction and assume a more
horizontal course. The terminal twigs—*‘end-arteries,”’ since anastomoses
are wanting—run generally perpendicular to the exterior of the kidney and
occupy the centres of the tracts separating the medullary rays. The latter
are, therefore, the axes of minute conical masses of renal substance, the
cortical lobules, whose bases lie at the surface of the kidney and the apices
within the pyramids of the medulla. From the foregoing it is evident that
each renal pyramid receives a group of cortical lobules, the component
tubules of which, on entering the pyramid, become progressively less

of

Avis
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numerous but larger, in consequence of repeated union, until, as the wide
papillary ducts, they end at the summit of the renal papilla.

The Kidney-Substance.—The fundamental components of the ver-
tebrate excretory organ, both in the fcetal and mature condition, include:
(1) a tuft of arterial capillaries derived more or less directly from the aorta;
(2) tubules lined with secretory epithelium; and (3) a duct for conveying
the excretory products.

These constituents are Labyrinth Med. ray Labyrinth
represented in the kidney counecting o TS

of man and the higher an- tubule ol AN S

imals by: (1) the glomer- ¢ N . A G
ulus, (2) the convoluted £ - BRIEY 4 K ] tubae
uriniferous tubules, and b TR R o - | Intermediate
(3) the collecting tubules | * = & [ convoluted)
and the ureter composing | ofconve i‘{i

the duct-system. Since, \ e
in a general way, to the A —t Ve
epithelium may be as- Collecting_ . Bl 2 £ Nferent
cribed the function of tak- ' AN [ Capeute
ing from the circulation - W/ KN MR
the more solid constitu- s s

ents of the urine, and to 4 ! @ | Descending
the glomerulus the secre- Ay . fimb
tion of the watery parts, e o {
obviously the most favor- tubule o . Ascending
able arrangement to se- b | imb
cure the removal of the l LRl

excretory products is one | *E | Loopot
insuring flushing of the = J 0 | Hewte
entire tubule with the fluid T N :

secreted by the glomeru- = / i

lus. Suchan arrangement g

implies the location of the ;

vascular tuft at the very

beginning of the tubule—
a disposition which in fact
is found in the kidneys of
all higher animals. The
number of the glomeru-
li, therefore, corresponds
with that of the urinifer- Papilla
ous tubules, each of which
begins in close relation
with a vascular tuft. The kidney-substance consists of an intricate, although
definitely arranged, complex of uriniferous tubules, supported by an inter-
stitial connective tissue stroma, which have their commencement in the cortex
and their termination at the apices of the papillee, their intervening course
being marked by many and conspicuous variations in the character, size, and
direction of the tubules.

The uriniferous tubule begins as a greatly expanded blind extremity,
the capsule (1), which surrounds the vascular tuft or glomerulus, the two
together constituting the Malpighian body or remal corpuscle, which lies
within the labyrinth.  On leaving the Malpighian body, the tubule becomes

Papillary duct

F1G. 285.—Diagram illustrating the course of a uriniferous tubule.
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very tortuous and arches towards the free surface as the proximal convoluted
tubule (2); this, after a course of considerable length, usually leaves the
labyrinth and enters the medullary ray, which it traverses, somewhat reduced
in diameter and slightly winding in course, and passes into the medulla.
Immediately upon gaining the latter, the tubule becomes markedly nar-
rowed, penetrates the re-
nal pyramid for a variable
distance towards the pa-
pilla, then bends sharply
upon itself and retraces its
course to enter once more
the labyrinth. Its excur-
sion into the medulla in-
cludes the descending limb
(3) and ascending limb
(4) of the loop of Henle.
The ascending limb—the
longer and wider of the
parallel limbs of the loop
—rises within the labyrinth
to the immediate vicinity
of the corresponding Mal-
pighian body and then,
after arching over or
around the body, gives
place to the distal convo-
luted tubule (5), a segment
which, marked by in-
creased diameter and tor-
tuosity, crosses the general
path of the proximal con-
voluted tubule and is suc-
ceeded by the narrower
arching connecting tubule
(6). The latter soon en-
ters the medullary ray and
joining with similar canals,
takes part in forming the
straight collecting  tubule
(7), which, progressively
increasing in size by junc-
F16. 256.—Section o:n gg;}f;ys?:gfngxg?lion of labyrinth to :;10: :;:]I:ai?:i};gs’l;;girszsf
the medullary ray and en-
ters the pyramid. Within the deeper part of the latter, the collecting
tubules fuse into larger and larger canals until, as the relatively wide papitiary
ducts (8), they terminate at the apex of the papilla at the orifices, the papi/-
lary foramina, which open into the calyces, as the subdivisions of the
expanded beginning of the renal duct are called.

Although as a matter of convenience the entire canal, from its com-
mencement at the Malpighian body to its termination on the papilla, has
been described as the uriniferous tubule, both genetically and functionally two
distinct parts should be recognized. These are (a) the uriniferous tubule
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proper, which includes all the conventional subdivisions from the Malpighian
body to the termination of the distal convoluted tubule; and (&) the duct-tube,
which, when traced from the papilla towards the cortex, undergoes repeated
division until, from the single main

stem, the number of connecting tu-

bules is sufficient to provide each

uriniferous tubule proper with an

excretory canal.

Details of the Uriniferous Tubule.
—The general course and relations of
the tubule having been sketched, a brief
account of its more important structural
details may here find anappropriate place.
1. The Malpighian body, irregularly
spherical and from .12-.20 mm. in diam-
eter, consists of the glomerulus and the
capsule. The glomerulus is an aggrega-
tion of tortuous capillary blood-vessels
derived from thelateral terminal branches
givenoff from the cortical arteries as these .
pass between the lobules towards the free /%25 -Iniected glomerulus, showing afrent
surface of the kidney. One of the lat- into the intertubular capillary network. X 180.
eral branches, very short and often arched,
enters the adjacent Malpighian body as the vas afferens, where it divides into from four
to six twigs, each of which breaksup into capillaries. These may anastomose and form
a vascular complex, or each terminal twig may give rise to an isolated capillary territory,

tubule

arteriole

Convolute

FI1G. 258.—Section of cortex, showing details of a renal corpuscle or Malpighian body ; the glomerulus is
surrounded by capsule which passes into obliquely cut neck of tubule. X 200.

the entire glomerulus then consisting of a group of vascular lobules. The channels of
exit unite to form the single vas ¢fferens, through which the blood from the glomerulus
escapes. As the efferent emerges from the body;, it is close to the afferent vessel, both
usually lying on the side opposite to that from which the tubule springs. The capsule,
the dilated beginning of the uriniferous tubule, almost completely invests the glomerulus
with a double layer, the prolonged wall of the tubule. The outer and inner layers are

14



210 NORMAL HISTOLOGY.

continuous around the narrow stalk, through which the vessels pass and at which the
reflection of the capsule is incomplete. The inner (*‘ visceral ’’) layer is firmly attached
to the glomerulus by delicate strands of connective tissue which likewise hold together
the capillaries. The capsule consists of a membrana propria lined with a single layer

F1G. 259.—Convoluted tubules, cut
transversely and obliquely, showmg F1G. 260.—Portion of medullary ray, showing “splral" part
character of epithelial lining. X 280 of convoluted and collecting tubules. X 280

of flat polyhedral epithelial cells, directly continuous with the epithelium of the tubule.

2. The proximal convoluted tubule begins at the constriction, the meck, of the
capsule and abruptly widens into the tortuous segment that forms approximately
one fifth of the entire length of the tubule. Its diameter varies from go-60 pu.

Ascendin
lim

Blood-vessel—f

Descendin
lim

Ascendin
lim

F1G. 261.—Longitudinal section of
medulla, showing parts of limbs of F1G. 262.—Longitudinal section of medulla
Henle's loop. X 280, passing through Henle’s loop. X 280.

In common with other parts of the renal tubule, its wall consists of a homogeneous
basement membrane lined with a single layer of epithelial cells. The latter, in the
convoluted tubule, are not defined by sharp outlines, but more or less blended into
a continuous protoplasmic sheet, a form of syncytium, in which the spherical nuclei,
which lie near the basement membrane, indicate the approximate extent of the
individual low columnar cells. Although subject to much and inconstant variation,
their cytoplasm exhibits a differentiation into a broad darker oufer and a narrow
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lighter inner zone. The former is marked by coarse radial striations, the so-called
rods, produced by parallel rows of granules along the protoplasmic threads. The
narrow inner zone, next the lumen, is relatively clear, containing few granules- and
showing a faint striation, due probably to the arrangement of the protoplasmic threads.
This *'bristle border,” as it is sometimes called, is seen only in very well preserved
tissue; since it is prone to disintegrate, the partially destroyed border may give rise to
appearances mistaken for cilia. During active secretion, the epithelial cells are
relatively low and the lumen

of the tubule is wide, these

relations being reversed dur-

ing periods of functional inac-

tivity.

3. The loop of Henle be-
gins in the boundary zone
between the cortex and me-
dulla by the passage of the
end-segment of the convoluted
tubule into the descending limb,
which is distinguished not only
by. the conspicuous reduction
in its diameter (12-15 x), being
the narrowest part of the entire
renal tubule, but also by the
character of its epithelium.

The latter consists of low flat-

tened elements, in which the

ellipsoidal nuclei equal or sur-

pass the thickness of the cells,

whose cytoplasm is clear or

slightly granular. The ascend-

ing limb differs from the de-

scending in its increased diam-

eter (24-28 p), thicker epitheli-

um, which is dark and striated,

and extension into the cortex.

Since the cuboidal cells are

often irregular in height, the

lumen correspondingly varies,

in places being almost oblite-

rated. The length of Henle's

loop is influenced by the level

of the corresponding Malpighi-

an body within the cortex—the

nearer the medulla the body

lies the greater the descent of F1G. 263. —Longitudinal section of renal pyramid, showing
the loop towards the papilla, {z:{)l:{aml st;(uitsure of medulla with Henle's loops and collecung
and wvice versa. On entering

the cortex the ascending limb rises to the immediate vicinity of its Malpighian body,
around or over which it curves to end in the succeeding distal convoluted tubule. The
usual position of the sudden transition from the narrow into the wider part of Henle’s
loop is in the descending limb a short distance above the loop, although the change
may occur beyond the turn, or éven within the bend itself.

4. The distal convoluted or intermediate tubule, from 40-45 ¢ in diameter, pur-
sues a moderately tortuous path, marked by a number of abrupt changes in direction,
but in a general way is enclosed by the arch of the proximal convoluted segment
which it finally crosses. Its epithelium, which at first resembles that of the ascending
limb, becomes clearer and less distinctly striated, the cells having a more definitely
defined low cylindrical or pyramidal form, although presenting local variations in
height,
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5. The connecting or junctional tubule effects the union of the uriniferous tubule
proper with the duct-system. It is narrower (23-25 ) than the preceding segment and
lined with well defined cuboidal cells, which being lower afford an increased lumen.

After an usually short and somewhat
arched course, the connecting tubule
enters the medullary ray and, uniting
with similar canals, joins in forming
the collecting tubule.

6. The collecting tubule at first
lies within the medullary ray, where
it represents the beginning of the
system of straight duct-tubes opening
on the papilla, and then passes into the
renal pyramid. During their course
through the medullary ray, the collect-
ing tubules repeatedly unite to produce
stems, which, while increasing four- or
five-fold in diameter, diminish in num-

. ber as they descend in the medulla.
O A e o el &y In consequence of this fusion, within the
uriniferous tubules. X so. . pyramid the collecting tubules are dis-

posed in groups, each of which corre-
sponds to the tubules prolonged from a single medullary ray, surrounded by the
limbs of the loops of Henle. The groups are further separated by the bundles of straight
blood-vessels (wasa recte) of the medulla. The epithelium lining the collecting

FiG. 265.—Section of medulla across renal pyramid, showing large collecting tubules, limbs of Henle's
loops, blood-vessels and intertubular stroma. - 130.

tubules consists of clear, distinctly defined, cuboidal cells, whose height gradually
increases as the medulla is traversed. After converging to within about 5 mm. of the
apex of the papilla, the now large collecting tubules undergo repeated junction,
increasing in diameter (50-60 #) but rapidly diminishing in number, to form the wide
papillary ducts.
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7. The papillary ducts, the final segment of the renal tubule, number from ten to
eighteen for each papilla, at the apex of which they open into the calyx. Each is
formed by the junction of from ten to thirty of the larger collecting tubules and attains
a diameter from 200-300 . The lining epithelium is composed of conspicuous clear
columnar cells, about 20 # in height and one-third as much in width, which rest upon
a basement membrane almost as far as the end of the canal. At this point the simple
columnar epithelium of the duct becomes continuous with the stratified squamous
epithelium that covers the free surface of the papilla and lines the calyx.

The Supporting Tissue.—The uriniferous tubules and the blood-vessels are held
in place by a delicate interstitial stroma of reticular connective tissue, elastic fibres
being relatively very few, At the surface of the kidney this tissue is condensed into
a compact fibrous stratum, the funica albuginea, containing scattered bundles of
unstriped muscle and an increasing number of elastic fibres, not to be confounded
with the fibrous tunic that envelops the organ and may be stripped off without dis-
turbing the renal substance. Although forming a continuous framework throughout
the kidney, the interstitial stroma is not uniformly distributed, being most abundant
along the path of the interlobar and the larger blood-vessels, from whose adventitia
delicate trabecule extend in all directions to form the meshes lodging the tubules, the
smaller vessels and the capillaries. Within the cortex the supporting tissue is meagre,
being best developed along the interlobular vessels and around the Malpighian
bodies. The interstitial tissue is much more plentiful within the medulla than the
cortex, its amount increasing towards the apex of the papilla, where considerable
tracts of stroma-tissue separate the papillary ducts. Not only the blood-vessels, but
also the nerve-trunks are provided with sheaths of renal stroma.

The blood-vessels supplying the kidney, branches of the renal artery,
enter the renal substance through the vascular foramina surrounding the
papillze on the wall of the sinus. As they pass along the sides of the papillz,
their positions correspond to the primary interlobar tracts of connective
tissue of the fcetal kidney. On reaching the level of the bases of the renal
pyramids, each Znterlobar artery breaks up into twigs, some of which pursue
an irregularly arched course across the bases of the pyramids, thereby pro-
ducing in places the impression of ‘‘arcades’’ at the junction of the medulla
and cortex. From these arcuate arteries or their divisions arise the terminal
branches which supply the cortex. The cortical twigs radiate generally per-
pendicular to the free surface, towards which, as the 7nferlobular arterioles,
they pass, giving off the short lateral twigs that end in the vasa afferentia
of the glomeruli. These are arranged in columnar groups along the path of
the interlobular cortical arterioles. Some of the latter continue to the free
surface where, in conjunction with direct capsular branches from the renal
artery, they supply the capsule of the kidney. After traversing the capillary
complex of the glomerulus, the blood is carried off by the vas efferens, which
on its exit immediately resolves into the cortical capillaries, whose meshes
about the convoluted tubules are round and about the tubules of the medul-
lary rays are elongated. In addition to the usual path through the glomer-
ulus, the kidney substance is supplied also by terminal vessels that pass
directly into the intertubular network. The course of the medullary twigs
is influenced by the radial disposition of the tubules between which they run;
they are, therefore, relatively straight and, hence, known as arferiole recice.
They arise only exceptionally from the arcuate arteries, and chiefly from the
afferent branches of low lying, perhaps atrophic (Huber), Malpighian
bodies. The supply of the medulla is, therefore, less independent than
formerly believed.

The veins of the kidney are also disposed as cortical and medullary
branches, which empty into larger stems, the so-called vene arciformes, that
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cross the bases of the pyramids and become tributary to the large intralobar
trunks. The blood within the cortical capillaries escapes by three paths:
(1) through small veins that pass from the outer third of the cortex towards
the capsule, beneath which they empty into stems running parallel to the

I

Fi1G. 266.—Longitudinal section of injected kidney of dog, showing general arrangement of blood-vessels
of cortex and adjoining medulla. X 40.

free surface of the kidney; from three to five of these horizontal vessels con-
verge to form a star-like channel, the vena stellata, which is the beginning of
the interlobular vein that passes through the cortex with the corresponding
arteriole to the arcuate veins at the base of the pyramid; (2) through
small veins that empty directly into the interlobular veins at various levels;

Py
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(3) through the deep cortical veins that traverse the inner third of the cortex
and are direct tributaries of the vene arciformes. The medulla is drained by
“the venule recte, straight vessels that begin in the medullary capillary net-
work and empty, for the most part indirectly, in the arcuate veins. The
latter terminate in the larger interlobar veins, which accompany the corre-
sponding arteries along the sides of the pyramids and emerge into the sinus
around the papillze to become tributary to the renal vein. This vessel and
_ its branches are without valves.

The lymphatics of the kidney occur as deeper and superficial networks.
The deep lymphatics arise as networks of capillaries within the cortex and
medulla, the general path of the more definite lymph-channels being that of
the blood-vessels, from four to seven large trunks emerging at the hilum,
The superficial lymphatics include two networks, one situated within or
beneath the fibrous capsule and the other within the perirenal fatty areolar
tissue (capsula adiposa). The subcapsular channels communicate with the
peripheral parts of the cortical network, as well as with the vessels outside
the fibrous capsule.

The nerves supplying the kidney are derived from the renal sympathetic
plexus and consist, therefore, principally of nonmedullated fibres.. These
accompany the blood-vessels, around which they form plexuses containing
ganglion-cells, and to which they send filaments for the walls.  The smaller
arteries are accompamed by the nerves as far as the glomeruli and capillaries.
The relation between the nerve-fibres and the tubules is intimate, delicate
filaments enclosing the convoluted canals with a network outside the base-
ment membrane (epilemmar plexus), from- which filaments pass to the inner
side of the membrane (hypolemmar) and end partly between the epithelial
cells.

THE RENAL DUCTS.

Each canal consists of the greatly expanded upper end, the rena/ pelvis
with its subdivisions, the calyces, and the main part of the duct, the urefer,
the whole serving for the collection of the urine as it escapes from the kidney
and its transmission to the bladder.

The wall of all parts of the renal duct is the same in its general structure
and consists of three layers: (1) the mucous membrane, (2) the muscular
tunic, and (3) the fibrous coat; the mucous and muscular layers are more or
less blended, so that a distinct submucosa is wanting. The mucous mem-
brane is clothed with transitional epithelium consisting of several strata of
cells, the deepest elements being irregularly columnar and the superficial
ones to a varying degree flattened. The tunica propria is made up of
bundles of fibrous tissue, intermingled with comparatively few elastic fibres,
and is often directly attached to the muscular coat, a meagre amount of
loose fibro-elastic tissue in places suggesting a submucous layer. Within
the ureter, the mucous membrane is usually thrown into longitudinal folds
and, hence, the lumen appears stellate in transverse sections. Neither well
marked papillee nor true glands are present, although in places the tunica
propria encroaches upon the epithelium and subdivides the latter into nest-
like groups of cells. 'Numerous scattered colorless blood-cells are ordinarily
encountered within the tunica propria; sometimes, particularly in the vicinity
of the calyces, they are aggregated into distinct minute lymph-nodules.
On the papille, the epithelium lining the calyces is continuous with that of
the papillary canals, while the tunica propria blends with the intertubular
renal stroma.
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The muscular tunic consists of loosely connected bundles of unstriped
tissue whose continuity as definite sheets is interrupted by often considerable
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FiG. 267.—Longitudinal section through sinus of child’s kidney, show-
ing lower part of pelvis and commencement of ureter. X 10.

well developed layer of longitudinal fibres, which

F1G. 268.—Transverse section of ureter.

intervening fibrous tissue.
The muscle-bundles are
arranged as a thin and im-
perfect /longitudinal and
a thicker and chief exter-
nal czrcularlayer. With-
in the renal pelvis and its
larger subdivisions, the
infundibula, both layers
are well represented, but
are reduced on the caly-
ces, except at the junction
of the latter with the renal
papille where the circular
muscle is augmented and
surrounds each papilla
with a minute sphincter-
like bundle. Inthelower
half of the ureter, an addi-
tional but incomplete ex-
ternal longitudinal layer
is found outside the cir-
cular one. At its end,
where the ureter meets
and traverses the wall
of the bladder, the mus-
cular tissue is represented
almost exclusively by a
retain their independence

rous coat

Outer
longitudinal
muscular
bundles

nuscular

X 25.

and do not blend with the vesical muscle but end in the mucosa of the
Contraction of these fibres tends to dilate the ureteral orifices.

bladder.

. apee
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The fibrous coat, or funica adventitia, composed of bundles of fibro-
elastic tissue, invests the entire renal duct as its outermost tunic and connects
it, through the surrounding areolar tissue, with the adjacent structures.
Within the sinus'of the kidney, the outer coat of the renal duct blends with
the tunica fibrosa that invests the renal substance where the latter is not
embraced within the calyces. Just above the bladder the fibrous coat of the
ureter becomes thicker and, in conjunction with the longitudinal muscle,
forms the ureleral skeath, giving independence to the duct as it passes
through the wall of the bladder.

The blood-vessels supplying the renal duct, derived from several
sources during its long course through the abdomen and pelvis, break up
into capillaries which are especially numerous within the tunica propria
immediately beneath the epithelium. The veins begin within the mucosa,
beneath which they form an inner plexus that communicates with a wider
meshed outer plexus, lying within the fibrous coat and giving rise to the
larger emergent venous trunks. The lymphatics within the mucous mem-
brane are indefinite lymph-channels, but within the muscular coat and on the
surface are present as distinct networks, from which afferent vessels pass to
various groups of lymph-nodes. The nerves distributed to the renal duct
are brought by branches from the neighboring sympathetic plexuses. While
consisting chiefly of nonmedullated fibres destined for the muscular tissue
and blood-vessels, many sensory fibres find their way into the mucous mem-
brane, where some end within the tunica propria in free arborescent endings
and others between the epithelial cells.

THE BLADDER.

The bladder, the reservoir in which the urine is received from the renal
ducts and retained until discharged through the urethra, is essentially a
muscular sac, lined with mucous membrane and partly covered with perito-
neum, a layer of connective tissue loosely uniting the mucous and muscular
coats. From within outwards, four coats are distinguishable—the mucous,
the submucous, the muscular and the fibrous.

The mucous coat closely resembles that of the renal duct, consisting
of a fibro-elastic tunica propria covered by transitional epithelium. The
details of the latter are materially affected by the degree of contraction or
distention to which the mucosa is subjected, since it is probable that the
impression of a many-layered epithelium is based on the examination of sec-
tions of the strongly contracted organ. As ordinarily seen, the deepest cells
are irregularly columnar, the ones of the middle layers polyhedral or club-
shaped, and the surface cells somewhat flattened, with their deeper aspect
modelled by the subjacent elements, over and between which fit depressions
and projections.  Although definite glands can hardly be said to exist, in
the vicinity of the vesical trigone and of the urethral orifice the tunica
propria contains small epithelial pockets or crypts, from the bottom of which
short branched tubules, lined with low columnar cells, extend into the sur-
rounding stroma. These rudimentary glands have been interpreted as
representing abortive prostatic tubules, which have become displaced during
the development of the lower segment of the bladder from the uro-genital sinus.

The submucous coat, loose and elastic, permits free ghding of the
mucous membrane over the muscular tunic when readjustment becomes
necessary during contraction and the mucosa is strongly wrinkled. It is
composed of bundles of fibrous tissue, interwoven with numerous elastic

.



218 NORMAL HISTOLOGY.

fibres, and supports the blood-vessels and nerve-plexuses, and occasionally
contains small lymph-nodules. The submucosa is not sharply defined from
the adjacent coats, but blends with the tunica propria on the one side and
penetrates between the tracts of muscle-bundles on the other. Beneath the
trigonum a distinct submucous layer is wanting, or replaced by a sheet of
muscular tissue.

The muscular coat, thicker than the mucous and comparatively
robust, varies according to the condition of the bladder, being thin during
distention and very thick during strong contraction, when it may measure
as much as 1.5 cm.  The bundles of involuntary muscle are arranged as two
fairly distinct chief layers—a thick circular and a thin outer longitudinal.
Inside the circular, virtually within the mucosa, lies an incomplete additional

F1G. 269.—Section of wall of bladder, showing general disposition of coats. X 12.

layer of mostly oblique bundles. The longitudinal bundles, best developed
on the upper and lower surfaces of the bladder, do not form a continuous
sheet but interlace, leaving intervals occupied by connective tissue. The
circular layer, although more robust and uniform than the outer one, is
weak and imperfect over the trigonal region and is well developed only
above the level of the orifices of the ureters, towards the apex of the
bladder becoming oblique and less regular. The innermost layer, largely
represented by isolated and indefinite bundles intermingled with connective
tissue, is condensed over the trigone, where it exists as a compact muscular
sheet closely united with the overlying mucous membrane, and surrounds
the orifices of the ureters and of the urethra with sphincter-like bands.

The fibrous coat, composed of fibro-elastic bundles, is blended over
the upper and lateral surfaces of the bladder with the serous (peritoneal)
covering; where this is wanting, it is continuous with the areolar tissue con-
necting the bladder with the surrounding pelvic wall and organs. It is
strongest over the inferior surface, where it receives additions from the
pelvic fascia, while towards the apex and beneath the peritoneum it is less
definite and intermingled with adipose tissue.
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The blood-vessels enclose the bladder with an arterial network within
the fibrous coat, from which twigs enter the muscular coat and break up into
capillaries, while others gain the submucous layer and form a network of the
larger stems; from this branches pass into the mucous membrane and give
rise to a rich capillary meshwork immediately beneath the epithelium. The
veins form a submucous plexus that drains the mucosa and empties into a
muscular plexus which, in turn, is tributary to the external subperitoneal
plexus. With the exception of the smaller ones on the inferior surface, the
vesical veins possess valves. The lymphatics begin as a close-meshed
plexus within the muscular coat, distinct lymph-channels being absent within
the mucous membrane. Outside the muscular coat they form a loose plexus
within the fibrous tissue (subperitoneal), the lymphatics from the apex and
body of the bladder coursing downwards and laterally and those from the
fundus upwards.

The nerves include both spinal and sympathetic fibres, medullated and
nonmedullated, and within the fibrous coat are connected with ganglia, par-
ticularly in the vicinity of the ureters, from which twigs enter the muscular
coat and break up into smaller ones bearing microscopic ganglia. Other
branches gain the submucous layer, where they form plexiform enlarge-
ments, containing numerous groups of ganglion-cells; in addition to sympa-
thetic filaments to the blood-vessels, fine bundles of fibres proceed to the
mucous membrane to end in free terminations partly within the tunica
propria and, probably, to some extent between the epithelial cells. The
general sensibility of the normal bladder is comparatively slight, being
greatest in the trigonal region, especially at the ureteral openings.

THE URETHRA.

The urethra—the canal through which the urine is conveyed from the
bladder to the exterior of the body—differs in the two sexes, since in the
male, in addition to its common function of conducting the urine, it serves
for the escape of the secretions of the sexual glands.

The Male Urethra.—Considered with regard to the regions of the
body in which it lies, the male urethra may be divided into a pelvic, a peri-
neal and a penile portion. It is more usual, however, to describe the canal
as consisting of the prostatic, the memébranous and the spongy portions—a
division based on the anatomical relations to the structures through which
it passes.

The wall of the urethra consists of a mucous membrane containing a
rich venous plexus and supplemented, in the prostatic and membranous
portions, by considerable tracts of muscular tissue. The tunica propria
possesses an unusual number of fine elastic fibres and is covered with an
epithelium that varies in different parts of the canal. Throughout the upper
two-thirds of the prostatic portion, the epithelium resembles that of the
bladder, being of the transitional variety; on approaching the membranous
portion, the epithelium becomes stratified columnar in type, small reserve
cells lying between the outer ends of the superficial elements, which are
often goblet-cells. Except within the beginning of the spongy portion (pars
cavernosa), where the lining is reduced to practically a single stratum of
cells, the columnar epithelium retains its stratified character as far as the
navicular fossa, the dilated distal end of the urethra. Here the epithelium
becomes stratified squamous and at the external urethral orifice is directly
continuous with the epidermis covering the glans penis. Within the
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urethral crest, the fusiform ridge modelling the posterior wall of the prostatic
portion of the canal, the mucous membrane acquires the character of erectiie
tissue on account of the abundance of the venous channels occupying the
deeper layer of the tunica propria.

The muscular tissue associated with the male urethra includes in-
trinsic and extrinsic fibres, the former being involuntary and directly incor-
porated with the wall of the canal and the latter being accessory strands of
striped muscle derived from structures surrounding the urethra. The in-
trinsic muscle is arranged as an inner longitudinal and an outer circular
layer, of which the longitudinal is thinner but more widely distributed,
extending from the internal urethral orifice at the bladder as far forwards
as the openings of the bulbo-urethral glands in the pars cavernosa. The
circular fibres, outside the longitudinal ones, are best developed at the
internal urethral orifice, where they are three or four times as thick as those
running lengthwise. They gradually diminish and just beyond the mem-
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FIG. 270.—Section of mucous membrane of prostatic urethra, showing gland-like crypts in mucosa. X 4s.

branous urethra disappear, first on the lower and last on the upper wall of
the dilatation, the fossa bulbi. In advance of the posterior third of the
spongy portioh, the intrinsic muscle is wanting, the unstriped muscular
tissue surrounding the remainder of the canal belonging to the ercctile tissue
of the corpus spongiosum which the urethra traverses.  The infernal vesical
sphincter, encircling the commencement of the urethra, is derived from the
muscular sheet of the trigonum of the bladder. At the apex of the prostate
gland, the urethra is surrounded by bundles of striped muscle, known as the
external vesical sphincter, prolonged upwards from the compressor urethre
muscle.

The urethral glands, or glands of Liltré, embrace two groups, those
within the mucous membrane and those immediately outside, whose ducts
are seen with a magnifying glass as minute openings on the mucous surface.
The former, the /ntramucosal glands, are small and simple, consisting usually
of a single alveolus, less frequently of two or three. They are lined with
columnar epithelium and occur in all parts of the urethra, but are most
numerous in the spongy portion. The cxtramucosal glands, although small,
are larger than the preceding but less widely distributed, since they are
absent in the distal half of the membranous and the proximal third of the
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spongy portion. They are most abundant and best developed in the upper
wall of the spongy portion distal to the openings of the ducts of the bulbo-
urethral (Cowper’s) glands. Their ducts often extend several millimeters
obliquely backwards, more or less parallel to the urethra, and divide into
several slightly expanded alveoli, lined with columnar epithelium. In addi-
tion to the foregoing true, although small glands, the urethral mucosa is
beset, along its upper wall, with small diverticula, the lacune urethrales,
which are little more than tubular depressions, or crypfs, within the mucous
membrane and can not be regarded as glands, although they often receive
the ducts of the extramucosal glandules. One crypt of exceptional size
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F1G. 271.—Section of wall of urethra, spongy portion, showing crypts and blood-spaces in mucosa. ~ 3s.

(4-12 mm. in depth) is commonly found on the roof of the navicular fossa,
its orifice being guarded by a fold of mucous membrane.

The Female Urethra.—The wall of this canal, much shorter than
the urethra in the male, consists essentially of a mucous membrane supple-
mented by a robust outer muscular tunic. The mucous membrane,
thrown into longitudinal folds, is composed of a tunica propria, rich in elastic
fibres, wandering cells and plexiform veins, and a layer of epithelium. The
latter resembles that of the bladder above and that of the vestibule, into
which the canal opens, below, but in places the stratified squamous epithe-
lium gives way to one approaching the simple columnar in type. In the
female the urethral glands are represented by small tubular alveoli that open
by minute ducts on the mucous surface and correspond to Littré’s glands in
the male. They are most plentiful in the upper part of the urethra and in
aged subjects may contain concretions. The mucosa is also pitted with
small crypts, similar to those in the male canal, into which the ducts of the
glands often open.

The intrinsic muscular tissue of the female urethra is disposed as an
inner layer of longitudinal and an outer one of circular fibres, the two being
separated by a thin connective tissue stratum with many elastic fibres. At
the internal urethral orifice, in conjunction with fibres from the trigonum ot
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the bladder, the circular fibres aid in forming the internal vesical sphincter.
The lower end of the urethra is embraced by the anterior fibres of the
sphincter vaginz muscle, and higher, between the layers of -the triangular
ligament, the canal is surrounded by the bundles of the compressor urethrz.
The deepest part of the mucosa and the adjacent portion of the longitudinal

Lon;

Fia. 272.—Longitudinal section of wall of female urethra. X s0.

muscle layer in places contain such a rich venous plexus that the tissue
resembles a cavernous structure.

The blood-vessels supplying the urethra provide a generous capillary
network beneath the epithelium; it is, however, the unusual abundance of
the venous channels that confers the exceptional cavernous character to the
wall of the canal. The lymphatics are also numerous within the deeper
parts of the mucosa in the male, especially in the region of the glans penis;
towards the upper end of the urethra they diminish, those from the prostatic
portion communicating with the intramuscular network at the neck of the
bladder. The lymphatics of the female urethra correspond with those of
the membranous and prostatic portions of the male duct. The nerves
include branches from the pudic (sensory fibres to the mucous membrane
and motor fibres to the associated striped muscle) and from the hypogastric
plexus of the sympathetic by way of the prostatic and cavernous plexus.
The plexiform sympathetic fibres, associated with numerous ganglion-cells
along their course, supply the involuntary muscle and the walls of the blood-
vessels. The sensory fibres are distributed to the mucous membrane in
which they end mostly as free, but to some extent as special terminations
within the tunica propria, although some filaments penetrate between the
epithelial cells.

THE SUPRARENAL BODIES.

These are a pair of cocked-hat-shaped organs, about 6.5 cm. long and
half as broad, situated at the back of the abdominal cavity, on the inner
aspect of the upper ends of the kidney. This proximity suggests, as a
matter of convenience, the description of the suprarenal body in connection
with the urinary organs; it must be understood, however, that the supra-
renal has neither morphological nor functional relations to the kidney which
warrant such association.
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The suprarenal body is invested by a distinct fibrous capsule, from which
delicate septa pass into the organ, forming a framework of connective tissue
for the support of the blood-vessels and the cellular constituents. Section
across the thicker parts of the body displays an outer zone, the corfex, from
.25-1.25 mm. in thickness, which encloses a central area, the medulla.
Towards the borders of the organ, the medulla is reduced to a narrow zone,
or may be entirely wanting; where best developed, as in the middle, it may
attain a thickness of over 3 mm. The cortex is usually of a dirty yellow color,
next the medulla presenting a
narrow band of varying shades
of brown. The medullais of
a grayish tint and generally
lighter than the cortex. Its
exact color, however, varies
with theamountand condition
of the contained blood, when
engorged with venous blood
being dark. Embryology and
comparative anatomy indicate
that the mammalian supra-
renal body includes two en-
tirely distinct organs, which,
although intimately united
as the cortex and medulla,
possess different origins and
functions. The cortex arises
in close relation with the
Wolffian body, the feetal ex-
cretory gland, and later
migrates into secondary rela-
tion with the kidney. The
medulla is derived from the
adjacent embryonic sympa-
thetic ganglia, the medullary
cells closely corresponding
with the chromaffin elements
elsewhere originating from
the Syn)pathetic' F1G. 273.—Section of suprarenal body including entire thick-

The cortical substance nessof the organ, showing the general arrangement of cortex

. . and medulla, X 27.
consists of a delicate frame-
work of connective tissue, prolonged from the capsule, in whose meshes lie
the tracts of the distinctive epithelial cells. The cortex is not always uniform,
but often subdivided into indistinct subcapsular lobules by thicker septa con-
tinued from the overlying fibrous investment. The arrangement of the cortical
cells, although in a general way columnar or slightly radial in the peripheral
lobular areas, varies at different levels, three zones being distinguished within
the cortex (Fig. 274). The narrow zona glomerulosa lies next the capsule and
consists of rounded masses of somewhat tortuous groups of cells. The zona
JSasciculata forms the major part of the cortex and is made up of parallel or
slightly radially disposed cell-columns. The zona reticularis, next the medulla
and narrow, includes the networks of epithelial elements formed by the union
of the inner ends of the columns of the preceding zone. The cells through-
out the cortical strands are fairly similar, being rounded polygonal elements,
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15-20 2 in diameter, whose cytoplasm lodges a variable, but usually large
number of fat granules. The latter are very abundant in the cells of the
zona fasciculata, but few or entirely absent in those of the zona reticularis.
Within the last named region, however, the cells are more or less pigmented,
a peculiarity accounting for the darker tint of this part of the cortex (Fig.
274). The cells composing
the cords and columns are
in direct contact with one
another; neither are they, as
groups, surrounded by a base-
ment membrane, but come
-into close relation with the
capillary blood-vessels that
enclose the cell-islands, a few
delicate strands of supporting
tissue alone intervening.

The medullary sub-
stance consists chiefly of net-
works of anastomosing cords
of polyhedral cells (20-30 £ in
diameter), so prone to post-
mortem change that, as usu-
ally seen, they are very irreg-
ular and often stellate. They
are distinguished from the cor-
tical elements by the affinity
of their cytoplasm for chromic
acid and its salts, staining
yellow or brown. They are
known, therefore, as chromaf-
Sin cells, and regarded as akin
to sympathctic elements. In
addition to these cells, the me-
dulla contains numerous blood-
vessels, particularly venous
channels, and many bundles
of nerve-fibres and ganglion-
cells. The latter (Fig. 275)
occur singly or in small groups,
are multipolar or stellate, and
resemble the cell-bodies of
sympathetic neurones.

The blood-vessels sup-
plying the suprarenal body

F1G. 274.—Section of suprarenal body, showing details of divide into a dozen or more
superficial and deep poriions of cortex. >\ 225. . .

fine branches which enter by
picrcing the capsule at various points, some penctrating directly as far as the
medulla, but most of them terminating within the cortex. These last form
a superficial network from which the capillaries extend between the cell-
cords, which are thus enclosed within vascular meshes of corresponding form.
Thus, within the cortex the meshes are elongated and within the medulla of
rounded form. In large part the medulla is supplied by arterioles passing
directly to the interior of the organ. These break up into capillaries which
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surround the medullary cords and, in conjunction with the capillaries of the
deeper part of the cortex, pass over into an unusually rich plexus of veins
terminating in the large central vessel, the beginning of the chief suprarenal
vein, Superficial veins claim as tributaries the peripheral portions of the
capillary network.

The lymphatics are represented by a network within the zona glomer-
ulosa which communicates with the subcapsular plexus, on the one hand,
and, by means of centrally directed stems, with the rich medullary plexus on
the other. The larger trunks from the medullary network follow the veins

dullary

F1G. 275.—Portion of medulla of suprarenal body, from vicinity of central vein. X 280.

and emerge at the hilum of the organ as several efferents that pass to adja-
cent lumbar lymph-nodes.

The nerves are remarkable for their abundance and derived principally
from the solar and renal sympathetic plexuses, fibres from the vagus being
included. They form a plexus within the capsule from which bundles of
chiefly nonmedullated fibres pierce the capsule, along with the arteries, and
give off fibres that pass between the cell-cords of the zona glomerulosa and
fasciculata to end in the walls of the blood-vessels and on the surface of the cell-
groups. Other branches penetrate to the zona reticularis to form a still closer
plexus, but it is for the medulla that the most striking abundance is provided.
Here the numerous nerves join into plexuses from which fibres pass to the
blood-vessels and cords of medullary cells. In contrast to their superficial
relation to the cortical cell-groups, within the medulla the fibrils penetrate
between the cells, so that almost each of the latter comes into direct relation
with a nerve-fibre. Numerous sympathetic ganglion-cells, isolated or in
small groups, are also present.

Accessory Suprarenals.—These are usually very small, rarely sur-
passing a pea in size. They may be found near the suprarenal body, in the
kidney, in the liver, in the solar and renal plexuses, or beside the testis or
the ovary. The accessory suprarenal situated in the broad ligament of the

15
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uterus, in the vicinity of the ovary, is known as Marckand’s organ, and*
regarded as a normal and almost constant organ. These **accessory’’ bodies
include two groups of different origin and morphological significance. Those
associated in position with the chief organ,
as when in the liver or kidney, are derived
from separated and isolated portions of
the principal embryonic area of the supra-
renal and, therefore, are supernumerary.
The bodies situated in the broad ligament,
or in relation with the epididymis, are,
on the contrary, probably developed
from the atrophic tubules of the Wolffian
body and, hence, must be regarded as
structures independent of the main supra-
renal. The independent bodies never,
and the supernumerary ones only in very
exceptional cases, possess more than corti-
cal substance, a medulla being wanting.
The suprarendl bodies are conceded
membership in the group of viscera now
termed organs of internal secretion. The
other members of this group are the thy-
roid, the parathyroids, the anterior lobe of
the pituitary and, perhaps, the thymus.
The specialized areas within the pancreas,
the islands of Langerhans, are also re-
garded as producing a particular sub-
stance and, hence,:are minute organs of
internal secretion. That the substances
elaborated within these viscera are of im-
portance is evident from the fact that re-
FiG. 276.—Section of injected suprarenal mova! of either th‘e §Uprafe"alss the para-
:le;i:‘&; ::if:l':r';'tg'fh';’:f;l;ﬁ';':ig“ ﬁ;g‘;f; thyroids, pr the pituitary results in death.
Although at present the role of the cor-
tical substance of the suprarenal is unknown, the special activity of its
medulla in producing adrenalin seems established.



THE MALE REPRODUCTIVE ORGANS.

THESE include: the sexual glands (the festes), the spermatic ducts (epi-
didymes and vasa deferentia) and their appendages (the seminal vesicles),
the copulative organ (the penis), and certain accessory glands (the pros-
tate and the bulbo-urethral glands). At first situated within the abdomen,
the testes migrate during the last few weeks of fcetal life through the inguinal
canal into the scrotum, gaining the latter usually shortly before birth. In
their descent they are accompanied by blood-vessels, lymphatics, nerves and
their ducts, which structures, with the supporting and investing tissue, con-
stitute the spermatic cord that extends through the abdominal wall to the
scrotum.

THE TESTIS.

As often employed, the term ‘‘testicle’’ includes two essentially differ-
ent parts, the Zestis, the true sexual gland, and the epididymis, the highly
convoluted commencement of the spermatic duct. The testes or testicles
proper, the glands producing the seminal elements, are two ellipsoidal bodies
obliquely suspended within the scro-
tum. Each testis measures about
4 cm. in length, 2.5 cm. in breadth
and 2 cm. in thickness. With the
exception of the posterior border,
where the vessels, nerves and ducts
enter and emerge, the testis is covered
with a serous membrane, the funica
vaginalis.

Architecture of the Testicle.

—The framework of the testicle

proper includes a stout fibro-elastic

capsule, the funica albuginea, .4—.6

mm. in thickness, that gives form to

the organ and protects the enclosed

soft glandular tissue.  Along the pos-

terior border of the testis the capsule

is greatly thickened and projects for-

wards as the mediastinum ftestis, a

wedge—shaped bOdy (2.5_3 cm. long) F1G. 277.—Diagram il:g;:lr;tng architecture of the
from which radiate a number of

membranous sepfa that pass to the inner surface of the tunica albuginea.
In this way the space enclosed by the capsule is subdivided into pyramidal
compartments (Fig. 277), the bases of which lie at the periphery and the
apices at the mediastinum. These spaces contain collectively from 150 to
200 pyriform masses of glandular tissue, more or less separated from one
another, which are the lobules. Each of the latter is made up of from one
to three greatly convoluted seminiferous tubules, held together by delicate
vascular intertubular connective tissue. The seminiferous tubules, from
.15-.25 mm. in diameter and from 25-70 cm. (10-28 inches) in length,
" begin as blind canals which are moderately branched and very tortuous
227
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(tubuli contorti) throughout their course until they converge at the apex
of the lobule. Here they pass over, directly or after union with another
canal, into the straight tubules (fubuli recti) that enter the mediastinum
and join to form a close network, the zefe testis.  The latter extends almost
the entire length of the mediastinum and consists of a system of irregular

Convolutions of duct of epididymis in
globus major

Serous surface of

Testis

Interlobu

Tunic

F1G. 278.—Longitudinal section of testicle of child, showing arrangement of framework and gland-tissue
and of canals connecting testis with epididymis. " 10.

intercommunicating channels lined with cuboidal epithelium. With these
passages the canals of the testicle proper end, the immediate continuation
of the spermatic path being from 15-20 tubules, the ductuli ¢fferentes, that
pierce the tunica albuginca along the posterior border of the testis ncar the
upper pole and, forming the progressively tortuous coni vasculosi, connect
the sexual gland with the beginning of the spermatic duct, the highly con-
voluted ductus cpididymidis.
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In contrast to the dense fibro-elastic tissue of the framework of the testis,
the interstitial connective tissue between the seminiferous tubules is

ssel

F1G. 279.—Transverse section of testis, showing dense fibrous capsule and adjacent seminiferous

loose, consisting of delicate bundles of white fibrous tissue with few elastic
fibres. In addition to plate-like connective tissue cells, leucocytes and eosin-

ophiles. that occur in varying
numbers, the intertubular or in-
terstitial stroma contains groups
or cord-like masses of peculiar
rounded polygonal elements, the
inlerstitial cells. These cells
(15-20 p in diameter) possess
relatively small eccentric nuclci
and finely granular cytoplasm
that usually lodges numerous
brownish droplets, pigment par-
ticles and, often, crystalloid
bodies in the form of minute
needles or rods. The signifi-
cance of these cells is uncertain,
but they are probably modified
connective tissue elements con-
cerned in the production of an
internal secretion.

The Seminiferous Tu-
bules.—The secreting tubules
consist of a tunica propria, or
basement membrane, which en-
closes several layers of epithe-

duct

ing

um

essel

280.—Section of mediastinum, showing irregular

channels of rete testis. X 6o.

lial cells. These vary not only before and after the attainment of sexual
maturity, but subsequent to the latter with functional activity or rest.
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As seen in sections of the mature human testicle (Fig. 281), the epithelial
lining of the seminiferous tubules includes two chief varieties of cells, the sup-
porting and the spermalogenctic. The former, the Sertoli cells, takenoactive
part in the production of the spermatozoa, but serve as temporary supports
for the more essential elements during certain stages of spermatogenesis.
They are elongated irregularly pyramidal in form and rest by expanded
bases upon the membrana propria, projecting between the surrounding sper-
matogenetic cells towards the lumen of the tubule. Their large oval nuclei
are meagre in chromatin and often lie at some distance from the bases.
The outer part of the cytoplasm contains fat-droplets, the inner zone being

Primary spermatocyte

F1G. 281.—Portion of a seminiferous tubule, cut transversely, showing the lining cells in various stages of
spermatogenesis. X 350.

granular or longitudinally striated. Where the convoluted tubules pass into
the straight ones, the Sertoli cells become reduced in height and form a layer
of simple columnar cells continuous with the low cuboidal epithelium that
lines the rete testis in the mediastinum.

The spermatogenetic cells are concerned in the cytological cycle,
known as spermatogenesis, whereby the spermatozoa are produced from
the cells lining the seminiferous tubules. They include four forms that
stand in the relation of succeeding generations to one another, those repre-
senting the oldest lying nearest the membrana propria and the youngest,
fromlwhich the spermatozoa are directly derived, next the lumen of the
tubule.

The first generation, the spermalogones, lie at the periphery between the Sertoli
cells and, although small round elements, possess nuclei exceedingly rich in chromatin,
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The division of the spermatogone results in two cells, of which one retains the
position of the parent cell (which it replaces as a new spermatogone destined for a
succeeding division), while the other passes inwards, enlarges and becomes a mother
cell or primary spermatocyle. This element, conspicuous by reason of its size and
large nucleus, undergoes mitotic division and gives rise to two daughter cells, the
secondary spermalocyles or prespermatids. The latter almost immediately divide and
produce smaller cells, the spermatids, by whose transformation the spermatozoa
directly arise. It is important to note that the spermatids contain only one-half of the
number (probably twenty-four) of chromosomes normal for the ordinary (somatic)
cells of the human body, a like reduction (page g) occurring during the maturation
of the ovum. The spermatids, at first small cells with round nuclei, elongate; their
nuclei coincidently become oval and smaller, but rich in chromatin, and shift to the end

F1G. 282.—Diagram illustrating phases of one complete cycle of spermatogenesis. Sequence of figures
shows in detail growth (1-6) and division (7-8) of spermatogone; growth and division of primary sper-
matocyte (9-19) into secondary spermatocytes; division of latter (20-21) into spermatids (22-24) ; fusion
of these with Sertoli cell to form spermatoblast (25-26); differentiation (27-31) and final liberation (32) of
spermatozoa. (After Ebner.) .

of the cell most removed from the lumen of the tubule. The modified spermatids now
become closely related to a Sertoli cell, with whose cytoplasm they fuse. The struc-
ture thus formed, known as the spermaloblast, consists of an irregular nucleated
conical mass of protoplasm, with the inner end of which the radiating clusters of par-
tially fused spermatids are blended (Fig. 282). The succeeding changes include the
transformation of the elongated nucleus of the spermatid into the head, and of its
double centrosome (diplosome) into the neck-granules and (according to some) the
axial filament of the spermatozoon, while from the cytoplasm of the spermatid its
remaining parts are derived. As the spermatozoa become more and more differ-
entiated, they appear as fan-shaped groups in which the heads are always buried
within the spermatoblast and the tails directed towards the lumen of the canal.
After subsequent separation, the liberated spermatic filaments occupy the centre of
the tubule as masses which often occlude the lumen and in which the spermatozoa
are disposed in peculiar whorl-like groups. Their completed development, however,
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is deferred until they reach the canal of the epididymis, during the passage of which
long and highly tortuous path they attain maturity and lose the cytoplasmic remains
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F16. 283.—Human spermatozoa : one head
is seen in profile. X 560.

of the spermatids that adhere for a time to the
middle-piece. Production of spermatozoa, which
occurs only within the convoluted seminiferous
tubules, does not involve uniformly all parts of the
tubule, but proceeds with wave-like periodicity;
consequently, cross-sections of the same tubule
taken a few millimeters apart exhibit different
stages of the spermatogenetic cycle.

The spermatozoa or spermatic fila-
ments, the essential male reproductive
elements, are, like the ova, direct derivations
of the descendants of the primary indifferent
germ-cells. Unlike the ova, however, which
are relatively large and often absolutely huge

cells, and, apart from size and minor distinctions,
fairly similar in all vertebrates, the spermatozoa
present great diversity in size, form and detail and
exhibit a high degree of specialization. As ordi-
narily seen under moderately high magnification
(Fig. 283), three parts may be recognized—the
head, the neck and the tazl. The head is ovoid,
flattened in front, so that when viewed in profile it
appears pyriform. Although rich in chromatin,
the latter is not arranged as threads or networks
but is distributed uniformly, so that the head ap-
pears homogeneous. Of the 50-60 1 representing
the approximate entire length of the human sper-
matozoon, the head contributes about one-tenth
(5-6 ). The neck, uniting the head and the tail,
is in man slightly constricted and, therefore, not
- easily seen, its position being indicated by the ready
separation of the head from the tail at this point.
It contains the minute anterior and posterior centro-
somes or neck-granules. The fail is regarded as
composed of three segments: the connecting piece
(6r),the chief piece (40 p) and the end piece (101).
The tail is traversed throughout its length by an
extremely delicate axial fibril, which, with the ex-
ception of in the end piece, where the axial fibril is
naked, is invested by an attenuated protoplasmic
sheath. In the connecting piece (middle piece)
the axial fibre is supposed to be surrounded by a
spiral fibre, the posterior limit corresponding with
aminute end-disk. Beyond the recognition of the
chief parts of the spermatozoon—the head, neck
and tail, little can be seen of the above noted details
unless the observer be provided with specially
stained preparationsand lenses of the highest power
and most perfect definition. The living sperma-
tozoa, as seen in fresh semen, display active move-

Head

Neck

Connecting
piece

Neck-gran-
ules

Spiral
filament

Axial
— filament

Chietn q [H]__Sheanof
4—axial
J filament

End piece
of tail

FiG. 284.—Diagram illustrating
structural details of human sper-

matozoon.

(Meves.)

ments, rapidly changing their position in consequence of the vibrations of the
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long motile flagellum, the tail. The actual rate of their unobstructed progress
has been estimated at from 1.5-3.5 mm. per minute. Although less vigorous
than in the semen, the spermatozoa often display motion in the secretion of
the testicle, as taken from the epididymis. Spermatozoa may continue to
exhibit motion for a long time—in the body for several days after death;
in properly guarded microscopical preparations of fresh semen movements
have been observed after the lapse of over eight days. They may remain
active probably for even a longer period within the female generative tract.
Although resisting a'wide range of temperature, spermatozoa immediately
succumb to aqueous solutions containing acids or metallic salts; alkaline
solutions, on the other hand, stimulate their motion. Ejaculated semen is
a composite fluid, consisting of the secretions of the testicle diluted with those
from the seminal vesicles, the prostate and the bulbo-urethral glands. It has
been estimated that each cubic millimeter of semen contains approximately
60,000 spermatozoa.

THE EPIDIDYMIS.

The epididymis, the greatly convoluted beginning of the spermatic duct,
is a crescentic body that covers the posterior border and part of the outer
surface of the testis. Its enlarged upper end or head, the globus major, is
succeeded by the tapering dody, at the lower end of which is a second but
smaller enlargement, the globus minor. The bulk of the globus major
depends upon the aggregation of from twelve to fifteen conical masses, the
lobuli epididymidis, formed by the efferent ducts and their tortuosities, the
coni vasculosi, that pass from the upper end of the testis and connect the rete
testis with the canal of the epididymis. The latter, also called the ductus
epididymidis, begins in the globus major, receives the efferent ducts and be-
comes greatly convoluted, the remarkably wound single tube measuring,
when unravelled, from 5-5.5 meters or from 18-20 fect.

The efferent ducts form the conical lobules of the globus major, which
masses, together with the convolutions of the canal of the epididymis, are
enclosed by a fibrous envelope resembling but less robust than the capsule of
the testis. The individual tubules and convolutions are held together by deli-
cate vascular connective tissue. The transition of the irregular channels of the
rete testis into the efferent duéts (.2—. 5 mm. in diameter) is marked by an
abrupt change in the character of thelining epithelium, the low cuboidal cells of
the former giving place to irregularly ciliated columnar ones within the ef-
ferent ducts. This epithelium, moreover, is composed of cells of unequal
height, some forming groups of tall cylindrical elements, with or without cilia
and variably pigmented, while others occur as groups of low cuboidal cells.
In consequence of this inequality, the lumen of the efferent ducts is irreg-
ular and the surface of the mucous membrane modelled with minute depres-
sions corresponding to the areas covered by the lower cells. In some cells
the border of cilia is replaced by clear caps, which have been interpreted as
secretion. Outside a well defined basement membrane the tubules are sur-
rounded with a layer of circularly disposed unstriped muscle, intermingled
with numerous elasti