Elements of histology / by E. Klein and J.S. Edkins ; with 296 illustrations.

Contributors

Klein, E. 1844-1925.
Edkins, John Sydney, 1865-
Augustus Long Health Sciences Library

Publication/Creation
Philadelphia : Lea Brothers, [1898]

Persistent URL

https://wellcomecollection.org/works/aj3cwyax

License and attribution

This material has been provided by This material has been provided by the
Augustus C. Long Health Sciences Library at Columbia University and
Columbia University Libraries/Information Services, through the Medical
Heritage Library. The original may be consulted at the the Augustus C. Long
Health Sciences Library at Columbia University and Columbia University.
where the originals may be consulted.

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/

INIIIMMIIWIW RO T < 5 o e

L

LIBRAK

OF THE ]

OF THE

“PJALUMNlFfﬂ;?

OF THE

OLLEGE

OF

BRREN| C| ANS AND
fiemsURGEONS

IN THE

_ .F NEW YORK
2 ;"_1: .. f*n‘1 .
HOOL OF MEDICINE OF COLUMBIA UNIVERSITY

v Tl
> A g (25
5 iy | = =
A
B % e
4 W = s
B = |, T

e E— e ——



QMoss)
THE
LIBRARY

OF THE

&

COLLEGE

OF

PHYSICIANS AND
SURGEONS

IN THE

CITY OF NEW YORK

- SCHOOL OF MEDICINE OF COLUMBIA UNIVERSITY






















&5

LEMENY

J!umni of the
@ollege o Mhos. & Surgs. Remy Hork

TS TOLOGY.

BY
¥, KLEIN, MD. EFRS
LECTOURER ON GENERAL ANATOMY AND PHYSIOLOGY
AND

J. 5. EDKINS, M.A., M.B.

JOINT LECTURER AND DEMONSTRATOR OF FHYSIOLOGY IN THE MEDICAL
SCHOOL OF ST. BARTHOLOMEW'S HOSPITAL, LONDNON

WITH 286 ILLUSTRATIONS

REVISED AND ENLARGED EDITION

LEA BROTHERS & CO,
PHILADELPHIA AND NEW YORK.












PREFACE TO THE
REVISED AND ENLARGED EDITION.

Wl

SINCE the last edition of this book in 1889, consider-
able additions have been made to the knowledge of
minute structural anatomy. The progress in the
knowledge of the structure and life of the cell and
nucleus, the remarkable discoveries in the structure
of the central nervous system and sense organs
—introduced by the method of Golgi, and followed
up by the brilliant work of Ramén y U:l,]a] Killiker,
Lenhossek, Retzius, and others—have made it neces-
sary to revise and to make considerable additions
to the chapters dealing with these organs. While
care has been taken to correct and amplify other
parts of the book, the chapters on the central nervous
system have been practically rewritten.

The task of rewriting and re-editing the chapters
on the brain and medulla and on the alimentary
canal has devolved upon my colleague Dr. Edkins,
who is now associated with me as ]mllt -author.

While a large number of the illustrations of the
former edition have been retained, a considerable
number has been added ; these are either original
photograms prepared by Mr. Norman from Dr.
Edkins’s and my own specithens, or they are copied
from Kolliker's “ Handbuch,” from Ramén y Cajal,
from Schifer (Quain’s “Atmtﬂm} ), from Halli-
burton (Kirke’s “ Physiology ”), and from Klein and
Noble Smith’s ©“ Atlas of Histology.” To our colleague
Dr. Tooth our special thanks are due for the loan of
some of the lantern slides illustrating the medulla,

E. KLEIN.

ST, BARTHOLOMEW'S HOSPITAL,
Loxnox.—1598,
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ELEMENTS OF HISTOLOGY.

CHAPTER 1.
CELLS.

1. TuE ripe ovam (Fig. 1) of man and mammals
is a minute spherical mass of a soft, gelatinous, trans-
parent, granular-looking substance, containing nume-
rous minute particles—yolk
globules. It is invested by
a radially striated delicate
membrane called the zona
pellueida. Inside this mass,
and situated more or less
excentrically, is a vesicle—
the germinal wesicle — and
inside this, one or more
solid spots —the germinal *
spot or spots. The gela, Fig. 1.—RipE‘E Ovum of Ca_t.
tinous transparent substance & o0& pellucidas b Eeme nal
of the ovum, containing a
very large percentage of proteid material, is called
protoplasm. Before and immediately after fertilisa-
tion, the protoplasm of the ovum shows distinct
movement, consisting in contraction and expansion.
These movements are spontaneous—i.e. not caused
by any directly visible external influence.

The diameter of the ripe ovum in man and do-
mestic animals varies between ;}; and l; of an
inch. But before it ripens the ovum is considerably

B
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smaller—in fact, its size 1s 1In proportion to its
state of development.

2. Fertilisation causes marked changes in the
contractions of the protoplasm of the ovum ; these

Fig. 2.—From a Section through the Blastoderm of Chick, unincubated.

¢, Cellg forming the ectoderm ; I, cells forming the endoderm ; ¢, [arge
formative cells; f, segmentation caviny. (Handboolk.)

lead to eleavage or division of its body into two parts,
the germinal vesicle having previously split up into
two bodies or nuclei ; so that we now find the ovum

'*'a
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AR n |{E} l’gﬂ'ﬂ-’ o= _.F.-'F-
fo ; _—

Fig. 3.—From a Section through the Rudiment of the Embryo Chick.

¢, Primitive groove; £, dorsal laming of epiblast ; d, mesoblast. The
thin layer of spindle-shaped cells is the hypoblast. (Handbook.)

has originated two new elements, each of which
consists of protoplasm, of the same substance as thav
of the original ovum, and each contains one nucleus
or kernel., The investment of the ovum takes no
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part in this process of division. Not long afterwards,
each of the two daughter elements undergoes cleavage
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Fig. 4.—Vertieal Section through the Ovum of Bufo Cinereus, in the early
stage of the Embryo Development.

a, Tegmental layer of epiblast ; b, dorsal groove ; ¢, rudiment of central nervous
system ; d, notochord ; e, deep layer of epiblast; f, mesoblast ; g, hypoblast ;
h, cavity of alimentary eanal—Rusconi’s cavity ; H, central yolk ; &, remainder
of von Baer's or gegmentation cavity., (Hoandboolk)

or division into two new elements, the nucleus having
previously divided into two, so that each new
offspring possesses its own nucleus. This process
of division is continued in the same manner for
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many generations (Figs. 2, 3, 4), so that after a
few days we find within the original investment of
the ovum a large number of minute elements, each
consisting of protoplasm, and each containing a
nucleus.

3. From these elements, which become smaller as
the process of cleavage progresses, all parts and organs
of the embryo and its membranes are formed. It can
be easily shown that the individual elements possess
the power of contractility. Either spontaneously or
under the influence of moderate heat, electricity,
mechanical or chemical stimulation, they throw out
processes and withdraw them again, their substance
flowing slowly but perceptibly along. Hence they
can change their position. In this respect they com-
pletely resemble those lowest organisms which are
known as amehbe, each of these being likewise a
nucleated mass of protoplasm. Wherefore this move-
ment is termed ameboid movement. 1t can be further
shown that they, like amebee, grow in size and divide
—that is to say, the individuals of a generation grow
in size before each gives rise to two new daughter
individuals.

4. Although for some time during embryoniec life
the elements constituting the organs of the embryo are
possessed of these characters, a time arrives when
only a limited number of them retain the power of
contractility in any marked degree. At birth only the
white corpuscles of the blood and lymph, many of the
elements of the lymphatic organs, and the muscular
tissues, possess this power; while the others lose it,
or at any rate do not show it except when dividing
into two new elements. Some of these elements
retain their protoplasmic basis: as a rule, each con-
tains one nucleus (but some two or more), and is
capable of giving origin by division to a new genera-
tion. Others, however, change their nature altogether,
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their protoplasm and nucleus disappear, and they
vive origin to material other than protoplasm—e.g.
collagenous, osscous, elastic, and other substances.
As development proceeds, and after birth of the
feetus, different cells assume different functions, which
for each kind are of a special character and constitute
its specific character or its specific function.

5. Beginning with the ovum, and ending with the
protoplasmic nucleated elements found constituting
the organs and tissues of the embryo and adult, we
have, then, one uninterrupted series of generations of

Fig. 5. —Amaeeboid movement of a White Blood Corpuscle of Man ; various
phases of movewent, (Handbook.,)

elements, which with Schwann we call cells and with
Briicke elementary organisms. Of these it can be said
that not only is each of them derived from a cell
(Virchow : ommnis cellula a cellula), but each consists
of the protoplasm of Max Schultze (sarcode of Dujar-
din), is without any investing membrane, and includes
generally one nucleus, but may contain two or more.
We can further say that each of these cells shows the
phenomenon of growth, which presupposes nutrition
and reproduction. All of them in an early stage of
their life-history, and some of them throughout it, show
the phenomenon of contractility, or ameboid move-
ment (Fig. 5).

In a recent work, and following the procedure of
v. Sachs on the life and activity of vegetable cells, v.
Kolliker systematises and summarises those of animal
cells thus : The protoplasm and nucleus constituting
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a vegetable cell is called by v. Sachs an energid ; in
the animal body it is represented by a nucleated
protoplasmic cell without a cellulose membrane, and
is called by v. Kolliker a protoblast (germinal matter
of Beale). All protoblasts, as also all energids, are
always derived from pavent protoblasts; they always
propagate by division, and in this manner carry on
the race from generation to generation ; they are the
instruments of heredity,

All growth of the protoblasts takes place by
iternal processes—that is, by intussusception.

The active work of protoblasts consists in: (a)
formation of the typical organs; (b) special move-
ments of the protoplasm—e.y. amweboid movement ;
(¢) the formation of alloplasmatic organs (A. Meyer).
These latter are derived from the living protoplasm,
are organised, and are participating themselves in the
living functions, but they are not capable of multipli-
cation by division. Such alloplasmatic organs are :
cilia, muscular fibres, nerve cells and nerve fibres, and
the terminal cells in the sense organs. (d) The pro-
duction of passive, partly non-organised, ergastic
structures (A. Meyer), or formed matter (L. Beale);
such are the cellulose membranes of vegetable cells,
cuticular formations, fluids, and intercellular and
other substances (collagenous, chondrinous, osseous,
elastic, dental, etc.), celljuices and granules of all
kinds.

Cells differ in shape according to kind, locality,
and function, being spherical, irregular, polygonal,
squamous, branched, spindle-shaped, eylindrical, pris-
matic, or conical. These various shapes will be more
fully described when dealing in detail with the various
kinds of cells. Cells in man and mammals differ in
size within considerable limits: from the size of a
small white blood corpuscle of about ;.';; of an inch
to that of a large ganglion cell in the anterior horns of
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the spinal cord of about !, of an inch, or to that of
multinucleated cells of the bone marrow—myeloplax—
some of which surpass in size even the ganglion cells.
The same holds good of the nuclens. Between the
nucleus of a ganglion cell of about (1, to 4+, of an
inch in diameter and the nucleus of a white blood
corpuscle of about - %5 to 14455 of an inch and less
there are all intermediate sizes,

6. Protoplasm or eytoplasm is a transparent
homogeneous or granular-looking substance. On very
careful examin-
ation with good
and high powers,
and  especially
when examined
with certain
reagents, in
many, but not
in all, instances
it shows a more
or less definite
structure {Elg Fiz. 6.—Amaboid pale leucoeyte of the newt,
G}, EOII]}_}DEELI of showing the nucler embedded in the cell proto-

THm . “= plasin—this latter consisting of spongioplasm
fiby ﬂs‘-‘ L and hyaloplasm. (Affer Schafer.) E

less regular, and
in some instances grouped into a honeycombed re-
ticulum, spongioplasm, in the meshes of which is
a homogeneous substance, /lyaloplasm (Leydig).
The closer the meshes of the reticulum, the less
there is of this interstitial substance, and the
more regularly granular does the reticulum appear.
In the meshes of the reticulum, however, may be
included larger or smaller granules of fat, pigment,
or other material. Water makes protoplasm swell
up and ultimately this becomes disintegrated ; so also
act dilute acids and alkalies. All substances that
coagulate proteids have the same effect on protoplasm.
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In arrangement of its elements the spongioplasm
differs in different cells ; while in some—e.g. spheroidal
or cubical epithelial cells—it is as a rule uniform ; in
columnar cells it is elongated in the direction of the
long axis of the cell, hence the reticulum appears as
an eminently longitudinally fibrillated substance ; in
ganglion cells it is concentrically arranged. In some

3 e
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Fig, 7.—Cell with radially disposed reticuluin from the intestinal epithelinm
of a worm. (After Carnoy, from Quain’'s ** Anatomy.”)

me, Cell membrane ; pe, cell protoplasm ; min, nuclear membrane ; pa, nuclear
achromatin surronnding the convoluted chromatin Alaments b,

cells in the outer portion the spongioplasm possesses a
different arrangement from that in the middle portion,
and then a division is made between ecfoplasm and
endoplasm (Fig. 7). The hyaloplasm differs in amount
in different cells, and in the same kind of cells it
varies according to different states of cell activity.
Thus in gland cells during activity the amount of
hyaloplasm is increased, containing in these instances
more or less of granular matter.
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In ameboid cells, such as the white corpuscles of
the blood, the hyaloplasm is the substance in which
the spontaneous or amaboid changes and movement
are principally lodged, as has been shown by instan-
taneous electric illumination by Stricker.

In the protoplasm of many cells are lodged
aranules of various kinds, wiicrosomes ; they difier in
size, shape, colour, and chemical nature, and are, as a
rule, the result of cell activity. Such are the zymo-
gen granules in secreting gland cells ; eosinophile,
basophile, and neutrophile or amphophile granules
in leucocytes ; glycogen granules in the liver cells,
cartilage cells, and leucocytes ; pigment granules in
various kinds of pigmented cells; fat granules and
fat globules in wandering cells, in connective-tissue
cells, in liver cells, in
the epithelial cells of T
the milk gland, etc. It ’
is not justifiable to as-
sume with Altmann that
these microsomes or bio-
blasts are living entities
in the sense that the
whole cell is.

In the cell proto-
plasm of leucocytes, of
epithelial and other cells,
certain granules and
fibrils have been de-

Fig. 8.—Lencocyte of Salamandra con-

scribed 1*3’ Flﬂlmniﬂgz taining two nuelei, and showing the
Bﬂ‘fﬂri, HEidGlﬂlﬂil’l, and attractionsphere : the centrosome is

5 E ; already divided into two, (Afier Dr.
others, which being of  Martin Heidenhain.)

a constant and definite

nature play an important part in the division of the
cell and its nucleus. This is the cenfrosome, and with
its radiating fibrillze forms the attractionsphere (Fig. 8).
The centrosome 1s a granule surrounded by a hyaline



[o Erements or Hisrorogcy.

spherical space ; through this pass the fibrillze radi-
ating from the former, and connect it with the
spongioplasm of the cell body. The whole —i.e

Fig, 9.—Blastomeres of Bi-sezmented Ovum of Asearis megalocephala
(djter Boveri, from Kolliker, I1.)

A: @, Attractionsphere; =, nucleus 1n resting state ; B: nucleus in stage

of convolution : ¢, attractionsphere nearly divided; D, attractionsphere

divided ; E, attractionspheres arranged at the poles, chromosomes forming
tue equatorial plate.

centrosome and radiating fibrille—represents the
attractionsphere.  Preceding the division of the -
cell nucleus, the centrosome divides into two,
each daughter centrosome, with its own hyaline
areola and system of radiating fibrille, forming
by - and - by a separate attractionsphere, which
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migrating towards opposite poles of the cell-
body become separate points of attraction for the
divided nuclear mitoma. (See division of nucleus.) So
that the division of the attractionsphere would be
the first, the division of the nucleus the second, and
the division of the cell protoplasm the third and final
stage in the division of a cell (Fig. 9).

7. The mueleus, the size of which is generally in
proportion to that of the cell, is usually spherical or
oval. Tt is composed of a more or less distinct invest-
ing cuticle and the nuclear contents ; the former is
the membrane, the latter the nuclear substance, karyo-
plasm, or nucleoplasm. This, again, is composed, in
adult nuclei, of a stroma or network, mitoma, and the
inter-fibrillar substance, The network consists of
fibrils of various thickness, and trabecule or septa
more or less irregular in thickness and length. In-
timately connected with and lodged in the network
are angular or rounded masses called nucleoli. The
number and size of these vary considerably ; 1in
young nuclei they may be large and numerous, in
adult or resting nuclei they are few, and in those
about to divide they are altogether absent. Also the
network is subject to great variation: while in adult
or resting nuclei, and particularly those about to
divide, the network is of great uniformity and well
developed ; it may be very imperfect in young nuclei,
in which it is sometimes represented by a number of
irregular masses joined by short bridges. The more
perfect the nuclear network, the fewer are the nucleol.
Owing to the ready manner in which the fibrils of the
nuclear network, .c. the mitoma, take up certain dyes,
their substance is called chromatin, and the fibrils
are the chromosomes; while the inter-fibrillar sub-
stance not possessed of this character is called
achromatin.  Occasionally, also, the achromatin ap-
pears composed of fibrils, and these are then called
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secondary fibrils, as distinet from the chromosomes or
primary fibrils. tabl and with him Heidenhain
maintain, however, that the achromatin in typical
adult nuclei is always composed of fine fibrils, and
that both the chromatin and achromatin fibrils possess
a definite unipolar arrangement and convergence,
while Carnoy and van Gehuchten assume a bipolar
arrangement. But this distinetion holds good only
for adult nuclei; in young nuclei the whole nuclear
contents may possess this affinity for the same dyes,
and in this case the whole nucleus becomes uniformly
stained. The nuclear membrane is a condensed outer
stratum of the nuclear network. At the commence-
ment of the division of the nuclens the membrane
disappears.

In some instances it can be shown that the
nuclear fibrils are in continuity with the fibrils of the
cell substance. In the moving white blood corpuscles
Stricker and Unger have seen the nucleus becoming
one with the cell substance, and again afterwards
differentiated by the appearance of a membrane.

8. During divisiom of the cell the nucleus
cenerally divides before the cell protoplasm.  This
division of the nucleus was formerly supposed to
occur in the same manner as that of the cell proto-
plasm—z.e. by simple cleavage. This mode is called
the direct or amitotic division, or Remak’s mode of
division. In this division the nucleus is supposed to
become constricted, kidney-shaped and hourglass-
shaped and, if the division is into more than two,
lobed. Nuclei of these shapes are not uncommon ;
but they need not necessarily indicate direct division,
because, being very soft structures, pressure exerted
from outside, or the motion of the cell protoplasm,
may produce these shapes; and, further, the contrac-
tility of the nucleus may, and occasionally has been
observed to, cause these changes of shape. From the
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observations of Schneider, Biitschli, Fohl, Strass-
burger, Mayzel, van Beneden, Schleicher, Flemming,
Rabl, and others, it is known that in the embryo and
adult, in vertebrates and invertebrates, in all kinds of
cells, both in the normal as well as morbid condition, the
division of the cell protoplasm is preceded by complex
changes of the nuclear mitoma, leading to the division
of the nucleus (Fig. 10). The sum-total of these

Fig. 10.—Karyomitosis.

A, Drdinary nuelens of a columnar epithelial cell: B, ¢, the same nuelens in the
stage of convolution ; D. the wreath, or rosette form; E, the aster, or single
star; ¥, a nuclear spindle from the Descemet's endothelium of the frog's
cornea; G, H, I, diaster ; K, two danghter nuclei.

changes is ecalled indirect division, karyokinesis
(Schleicher) or karyomitosis* (Flemming). Where
this process occurs in its complete and typical form,
the mitoma passes through the following phases
(Flemming, Rabl) :—

i.—Convolution or spireme or skein ; disappearance
of the nucleoli, increase of the fibrils constituting the

* Schleicher noticed that the fibrils during this process show

movement ; hence the name Karyokinesis, Mitosis indicates the
. grouping and changes of the fibrils (uiros =fibril).
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chromatic substance, at the same time the fibrils
become free, as it were, and bent and twisted at first
into a dense, atterwards into a loose convolution.
The fibrils of the loose convolution are thicker than
before, less twisted, and more like masses of loops.

Fig. 11.—Epithelinm of moath of embryo salamander, showing nuelei in
various stages of karyomitosis (Flemming).

These latter by cross division along the periphery of
the mass increase in number, and thereby are con-
verted into simple loops, arranged more or less like a
wreath or rosette. The whole nucleus is larger than
before, its membrane has disappeared, and it is sur-
rounded by a more or less clear halo of cell proto-
plasm (Fig. 11).

il.—Longitudinal division of the loops, each loop
giving origin to a pair of sister loops,; the whole,
viewed from the surface, looks like a star of numerous
fine fibrils, joined centrally so as to form single loops.
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iii.—The wwuclear spindle, a spindleshaped ar-
rangement of fine threads of (possibly) achromatin
extending between two opposite points of the cell
protoplasm ; these points are the poles, and the
transverse line midway between them-—ze. at the

Fig. 12.-—Karyomitosis, (Ajter Killiker.)
A, Spireme ; B, diaster; o, the nucleus has divided, che protoplasm of the cell
in the act of dividing,

broadest part of the spindle—is called the equator.
At each pole the threads of the spindle are connected
with a granule of the cell protoplasm, the pole cor-
puscle or centrosome, mentioned on a previous page ;
from the centrosome radiate numerous fine fibrillwe,
connecting the centrosome or pole corpusele with the
cell protoplasm, thus forming ““ the suns” or attraction-
spheres, one at each pole (van Beneden).

The above-named sister loops so arrange themselves
about the equator of the spindle as to form a star—
the mother-star, monaster, or aster. In this arrange-
ment the vertex of the loops is directed inwards, the
open limbs outwards. Seen in profile the aster would
appear like a narrow granular - looking plate of
chromosomes—the nuclear plate.

iv.—Metakinesis : Of each pair of sister loops form-
ing the aster one loop is attracted by—i.e. migrates
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towards one, the other towards the other pole of the
spindle: that is, towards the attractionspheres, the
vertex of the loops always leading,.

v.—Diaster : arrived at the pole, the loops form
again an aster or daughter star for each pole (Fig. 12).

vi.—Dispireme : the threads of each star become
convoluted.

Now follows usually the division of the cell proto-
plasm in the line of the equator of the spindle.

vil.—In the last phase all traces of the spindle are
lost ; a membrane appears around each of the two
new nuclei, and the threads of the dispireme become
branched and connected into a network.

From the foregoing it is clear that during division
an intimate fusion between cell protoplasm and
nucleus takes place : («) by the fusion of the nuclear
interstitial substance with the cell protoplasm after
the disappearance of the nuclear membrane ; and (%)
by the connection of the nuclear spindle with the
centrosomes and attractionspheres, the fibrils of the
latter being part of the cell protoplasm.

It ought to be mentioned, however, that some
histologists do not regard the fibrils of the nuclear
spindle as part of and derived from the original
nuclear substance (achromatin). Boveri regards the
fibrils of the spindle as derived from the cell proto-
plasm and as forming part of the attractionspheres
—i.e. those fibrils which remain connecting the two
attractionspheres, and which finally, after the nuclear
division has been completed, by their transverse
division, mark off and initiate the final stage—that is,
the division of the cell body.
~ While these wvarious details and phases in the
changes and division of the centrosome and attrac-
tmnsphere are well enough marked in the ovum, as is
also their relation to the chromosomes of the dJV]dmﬂ'
ovum nucleus, it is not sufficiently established that
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the above are of general occurrence in the division of
adult cells; the attractionsphere and its division have
been observed only in a few such instances—e.g. In
the leucocytes of salamander and man.

In some cases the process of karyomitosis has been
found to be atypical, inasmuch as some of the above
phases are left out, as it were ; while in other cases
the nuclear division takes place already during the
earlier phases—e.g. in the phase of the spireme.
When the nucleus divides into two or three or more
nuclei without the cell protoplasm also undergoing
division, a cell with two, three, or more nuclei is the
result.

Multiplication of the nucleus by budding and
direct fission has also been observed, but it is quite
possible that this process is only as a sort of imper-
fect and abnormal karyomitosis.

This mode probably plays a more important part
than the typical karyomitosis, whenever rapid multi-
plication and reproduction are necessary. Thus, for
instance, while in the epithelium cells covering the
anterior smrface of the normal cornea of the newt and
frog here and there a nucleus can be seen which
shows the process of typical karyomitosis, such forms
cannot be found in cases of rapid regeneration of
that epithelium. For example, after removing the
whole thickness of the anterior epithelium from the
middle part of the cornea, rapid multiplication of the
epithelium cells takes place, starting from those
immediately around the defect; in consequence of
this, in two or three days the defect becomes again
quite covered with the new epithelium. Now, ex-
amining the epithelium cells at the margin of the
defect, as well as those gradually pushed over and
covering the defect, none of the nuclei are found in
any of the phases of typical karyomitosis ; while a
few days later, after the defect is covered by the new

C
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epithelium, there is no difliculty in finding nuelei in
one or another phase of the typical karyomitosis.

Paranuclei and cell enclosures,  [{ was
mentioned above that cells may and do include in
their protoplasm formed substances like granules
of various kinds, fat globules, pigment, ete. ; but in
addition to these, and distinet from the attraction-
spheres mentioned on a former page, occasionally the
cell substance includes corpuscles of an altogether
different nature. These corpuscles, in size and staining
power, resemble the cell nucleus or parts thereof, and
as a matter of fact are derived from the cell nucleus.
Balbiani has called such bodies in the ovum cell
paranucler, and Gritzner has applied the same term
to those that occur in the gland cells of the pancreas.
Now it is a fact that preceding the segmentation
of the ovum, and preceding the fusion of the sperm-
and ovum-pronucleus, part of this latter is eliminated,
and the same occasionally is observed to take place
in other cells prior to the division of the nucleus,
as also under various pathological conditions. The
eliminated body or bodies, known as polar bodies,
are part of the original nuclear substance, principally
the chromatin. The paranucleus is as a rule smaller
than the cell nucleus, lies close to this, and has
similar affinity to the dyes which stain the nucleus
itself.
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CHAPTER II.
BLOOD,

9. Unxper the microscope blood appears as a
transparent Huid, the liguor sanguinis or plasma, in
which float vast numbers of formed bodies, the blood
corpuscles. The great majority of these are coloured ;
a few of them are colourless. The latter are called
white or colowrless blood corpuscles, or leucocytes ; the
former are called red or coloured blood corpuscles, or
blood-dises.  They appear red only when seen in a
thick layer; when in a single layer they appear of
a yellow-greenish colour, more yellow if of arterial,
more green if of venous, blood. The proportions of
plasma and blood corpuscles are sixty-four of the
former and thirty-six of the latter in one hundred
volumes of blood. By measurement it has been found
that there are a little over five milliom of blood cor-
puscles in each cubic millimetre (;.%.5 of a cubic
inch) of human blood. There appears to be in heal thy
human blood, on an average, one white corpuscle for
600-1200 red ones., In man and mammals the re-
lative number of blood corpuscles is greater than
in birds, and in birds greater than in lower verte-
brates.

The number of red, and also of white, corpuscles
is subject to variation, both in health and disease.
After profuse hmmorrhage, the number of red cor-
puscles is temporarily greatly reduced, but in a short
time, it may be even in twenty-four to forty-eight
hours, they may approach again the normal number ;
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in constitutional chronic diseases the number of red
corpuscles is, as a rule, decreased ; so also in anwemia,
spontaneous or following acute infectious diseases,
tevers, etc. The number of white corpuscles is always
greater after a copious meal than during fasting.
Certain diseases are associated with a decrease, others
with an increase, of the white corpuscles of the eir-
culating blood ; the decrease when pronounced is
spoken of as lewcopenia, the increase as leucocy-

theemia, leweeemia, or lewcoeytosis.
and mammals are homogeneous bi-concave dises (ex-
cept in the camelide, where they are elliptical), and
Being bi-concave in shape, they are thinner and
more transparent in the centre than at the periphery.
less flattened from
@ side to side, and each
:A | oval nucleus,
% 2 _ The diameter of
Fig. 13.—Various kinds of Red Blood
A, Two human, one seen flat, the other Eﬂl‘lluﬂﬂle 18 about
edgeways; B, a reéd corpuzcle of the
frog, one seen f be broad, the .
ulI I:t-r lsll'l:iu Iri:;:“u:ur'irﬂl:\' ;iu-u, s s br E-Eldth 1.E. El.h'ﬂ'llt
8 5 and its thick-
corpuscles present which are much smaller by about
one-third to one-half than the others—inicrocytes. In
certain abnormal conditions, especially in pernicious
anzemia, they are conspicuous by their number.
following are the average diameters of the red blood
cnrpuscl&s of various vertebrates : Man, %5 ; dog,

10. The red blood corpuscles (Fig. 13) of man

do not POSSESS any 5111‘l'ﬂ1111{1i11g IHE‘]]]IJI'H.HE or 1111(31&115.
In other vertebrates they are oval, and more or
possesses a  central

Corpuscles, the human red blood

camel; ¢, two red corpuscles of the “.}u" {'lf a1l iIl(:ll ill
ness about ;;1l,, of an inch. But there are always
normal blood these microcytes are scarce; but in
According to Gulliver, Welcker, and others, the
53005 cat, 355, sheep, oo ; elephant, 7.+ ;
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horse, ... ; musk deer --ﬂ-.‘-.-—; l}iwvun, M‘]-?-; toad,

G500 2
a3 newt, <1.; proteus, ; pike, 3555 ; shark,

10 51¢% 2
TT1‘

ll In a microscopic specimen of fresh unaltered
blood (Fig. 14) the red blood corpuscles form peculiar
short or long rolls, like
SO many coins, from be-
coming adherent to one
another by their broad
surfaces. Under various
conditions — such as
when isolated, or when
blood 1s diluted with a
i '2-1 p.c. saline solution
or solutions of other salts
(sulphate of sodium or
nmguesium) — the cor- Fig. 14.—Human Blood, fresh,
puscles lose their smooth & Roulewx of red corpuscies; %, fso-
circular outline, shrink- ncialed o coriiaol Seok IRt T,
ing and becoming erenate
(Blg. 15, a). In a further stage of shrinking they
lose their discoid form, and become smltllu and
spherical, but beset all over their sur-
face with minute processes. This shape
is called the horse-chestnut shape (Fig. 15, SRS
b, ¢). 1t is probably due to the cor-
puscles losing carbonic acid, as the & &
addition of the acid brings back their b ¢
discoid shape and smooth circular out- iz 15.—Human
line. On abstracting the carbonic acid Eg;‘puqeﬁ}f“d
they return to the horse-chestnut shape. , conate: o,
Water, acid, alcohol, ether, the electrie *_‘,',’]'“fﬁt,ﬁ“'}-”'*““"
current, and many other reagents,
produce decoloration of the red blood corpuscles,
the coloured matter—generally the combination of
the blood-colouring matter with globulin, known
as hwmoglobin—becoming dissolved in the plasma.

I w|
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What is left of the corpuscles is called the
stroma. In newt’s and frog’s blood a separation

of the stroma from the nucleus and hwzmoglobin can
be effected by means of

O3 a o boracic acid (Fig. 16, B) ;
a2 O& Y 7% e the former is called by
Yo 2 B8 PBricke the abeid it

latter zooid. This stroma
contains amongst other
things much paraglobu-
lin. The stroma of the

A lfg)d B

Fig. 16.—Red Blood Corpuscles of
Man and Newt.

A, Human red corpuscles after the action

of tannic acid ; &, three red corpuscles,
from which the hemoglohin is pass-
nz out; b, Roberts's corpuscles. |,
Newt's red eorpuzelez after the action
of boracic acid; a, corpuscle show-
ing Briicke’s zooid and ekoid; b,
corpiascle showing the reticulated
gtroma: ¢, corpuscle showing the
reticunlum in the nucleus; d, the nu-

corpuscles of amphibians
1s seen, under certain
reagents, to be of a re-
ticulated structure, but
in the fresh state appears

cleus passing out.
homogeneous and pale.

Decoloration of the blood corpuscles can also be
observed to take place in blood spontaneously without
the addition of any reagents or with that of indifferent
fluids, such as the aqueous humour of the eye, hydro-
cele fluid, etc. The number of corpuscles undergoing
decoloration under these conditions is, however, small.

When blood is dried on a glass in a thin film,
the corpuscles, forming a single layer only, dry on
before they shrink, and thus retain their natural size
and outline ; their stroma can then be easily stained
with aniline dyes.

12. The hsmoglobin of the red blood cor-
puscles forms erystals (Fig. 17), which differ in shape
in various mammals. They are always of microscopic
size, and of a bright red colour. In man and most
mammals they are of the shape of prismatic needles
or rhombic plates: in the squirrel they are hexagonal
plates, and in the guinea-pig they are tetrahedral or
octahedral.

The blood pigment itself is an amorphous dark-
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brown or black powder—the Ahwmatin ; but it can be
obtained in a crystalline form, as hydrochlorate of
haematin (Fig. 18). These crystals also are of micro-
scopic size, of a
nut-brown colour,
of the shape of
narrow  rhombic
plates, and are
called hewinin cry-
stals, or Tewch-
mani's erystals, In
extravasated hu-
man blood, erystals
of a bright yellow
or orange colour
are  occasionally
met with ; they are called by Virchow, their dis-
coverer, hematoidin, They are supposed to be iden-
tical with bilirubin, obtainable from
human bile. /*
13. The white or colourless cor- ’/
puscles, or lencoceytes, are in human
Bloed 'ef about - to 2 _ofanineh = -
in diameter—ie. about 10 p—and are e 18y
spherical in the circulating blood or in *
blood that has just been removed from the vessels. Their
substance is transparent granular-looking protoplasm,
some containing larger or smaller distinct granules.
These granules are not all of the same nature, as
will presently appear. In some kinds of blood, notably
horse’s, they are of a reddish colour, and these
corpuscles were supposed by some observers (Semmer
and Alexander Schmidt) to be intermediate between
red and white corpuscles. The protoplasm of the
colourless corpuscles contains occasionally glycogen
(Ranvier, Schiifer). In the blood of the lower verte-
brates the colourless corpuscles are much larger than

Fig. 17.—H:iemoglobin crystals.

A, Of guinena-pig ; B, of equirrel ; c, n, human,
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in mammals. DBut in all cases they consist of proto-
plasm (spongioplasm and hyaloplasm), include one,
two, or more nuclei, and show amceboid movement.
This may be observed in corpuscles without any
addition to a fresh microscopic specimen of blood,
but it always becomes much more pronounced on

Fig. 19.—Phagocyte (with three nuelei) from the peritoneal fluid of a
guinea-pig, previously injected intraperitoneally with cholera culture.
The interior of the phagoeyte contains numerous degenerated comina
bacilli. (Photo. highly magnified.)

applying artificial heat of about the degree of
mammals’ blood. It is then seen that either they
throw out longer or shorter filamentous processes,
which may gradually lengthen or be withdrawn,
or the corpuscle changes its position either by a
flowing movement, or it pushes out a filamentous pro-
cess and shifts its body into it. During this move-
ment the corpuscle may take up granules from the
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surrounding fluid. Leucocytes, be they in the blood
or in connective tissue or lymph glands (see below),
that can, and in certain circumstances do, take up
granules or similar matter are spoken of as phagocytes
(eating cells) (Figs. 19, 20). Division by simple

Fig. 20.—Hyaline Leucocytes (pus cells) from purnlent matter ; the leuco-
cytes contain in their hyaline protoplasm two, three, or more nuelei
two of the cells contain in their protoplasin a number of cocei, these
cells acting as phagocytes. (Photo, highly mognified.)

cleavage of leucocytes of the blood of lower verte-
brates has been directly observed by Klein and
Ranvier.

4. The white corpuscles or leucocytes in the
same sample of blood differ in size and aspect. They
may be classed into three groups: (@) The lymphocyte,
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a small eell possessed of a relatively large single nucleus
surrounded by a narrow zone of protoplasm. (b) The
typrcal lewcoeyte or hyaline lewcoeyte is larger than the
former, contains two, three, or even four relatively
small nuclei; its cell protoplasm appears hyaline,
but includes a spongy network. This leucocyte is

Fig. 21,—Frog's Blood, showing red blood dises and one oxyphile white
cell. (Photo. highly magiified,)

as regards numbers by far the predominating white
corpuscle, and its amwboid movement is very striking.
(¢) The granular leucocyte forms a small minority, it
contains a single large nucleus, occasionally two, and
its cell protoplasm contains conspicuous granules.

The lymphocytes are identical with similar cor-
puscles of the adenoid tissue of lymph glands, from
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which in all probability they are derived. Tt ishighly
probable that they are young forms of the typiecal
leucocytes. The granwular leucocytes—i.e. the white
corpuscles that contain real granules—behave dif-
ferently when subjected to staining with aniline dyes.
In some the granules stain readily with acid aniline
dyes—e.g. eosin—so that they become bright red—
eosinophile (Ehrlich) or oxyphile cells (Fig. 21) ; in
others the granules stain only in basic aniline dyes
—basophile cells ; ; in still others they stain both with
acid aml alkaline aniline dyes—uneutrophile or ampho-
phile.  What the exact relation of these different
aranule-cells amongst themselves and to the non-
granular or hyaline cells is, is not definitely established,
But it appears from the researches of Kanthack and
Hardy that in the frog, at any rate, and probably also
in the mammal, the oxyphile or eosinophile leucocyte
does not act as a phagocyte, and that thisfunection is mo-
nopolised by the other or hyaline variety of leucocytes.
15. In every microscopic specimen of the blood
of man and mammals are found a variable number
of large granules, more or less angular,
singly or in groups. According to O
Max Schultze they are derivatives of ,
broken-up white corpuscles; but ac- () I

cording to Bizzozero, they are present L
already in the living and fresh blood, & 0®
as pale, circular, or slightly oval g i Frommm

dises (Fig. 22, b). Their size is only Blood.

s to 1 of that of the red blood cor- a Red binod cor
puscles. They are called by him blood  platelets of Biz-
platelets, and he supposes them to be of

essential importance in the coagulation of the blood,
originating the fibrin ferment. Hayem described them
previously as being intermediate forms in the de-
velopment of red blood corpuscles, and called them

hmmat()p]asts,
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16. Development of blood corpuscles., —
At an early stage of embryonic life, when blood makes
its appearance it is a colourless fluid, containing only
white corpuscles (each with a nucleus), which are de-
rived from certain cells of the mesoblast. These white
corpuscles change into red ones; the protoplasm
becomes homogeneous and yellow ; then it assumes a
flattened shape, and is in reality a eoloured blood
corpuscle containing a pale nuclens.  All through
embryonic life new white corpuscles are transformed
into red ones. In the embryo of man and mammals
these red corpuscles contain their nuclei for some
time, but ultimately lose them. New red blood cor-
puscles may, however, be formed also by division of
nucleated red corpuscles. Such division has been
observed even in adult blood of lower vertebrates
(Peremeschko) as well as in the feetus of mammals.

The cells of the mesoblast which give origin to
vessels (cysts and strands) are capable of producing -
by budding and cleavage new white cells, which ulti-
mately change into red corpuscles. (See formation of
blood-vessels. )

An 1mportant source for the new formation of red
corpuscles in the embryo and adult is the red marrow
of bones (Neumann, Bizzozero, Rindfleisch), in which
numerous nucleated protoplasmic cells (marrow cells)
are converted into nucleated red blood corpuscles—
erythroblasts.  The protoplasm of the -corpuscle
becomes homogeneous and tinged with yellow, the
nuclens being ultimately lost. The spleen is also
assumed to be a place for the formation of red blood
corpuscles, Again, it is assumed that ordinary white
blood corpuscles are transformed into red ones, but of
this there 1s no conclusive evidence. In all these
instances the protoplasm becomes homogeneous and
filled with heemoglobin, while the cell grows flattened,
discoid, and the nucleus in the end disappears.






CHAPTER 111.

EPITHELIUM.

17. Epithelial cells (Fig. 23)are nucleated proto-
plasmie cells forming continuous masses on the surface
of the skin, of the lining membrane of the alimentary
canal, the respiratory organs, the urinary and genital
organs, the free surface of the conjunctiva, and the
anterior surface of the cornea. The lining of the
tubes and alveoll of secreting and excreting glands,
such as the kidney, liver, mammary gland, testis and
ovary, the salivary glands, mucous, peptic, and
Lieberkuhn’s glands, the sweat and sebaceous glands,
the hair follicles, etc., consists of epithelial cells.
Such 1s the case also with the sensory or terminal
parts of the organs of the special senses. And,
finally, epithelial cells occur in other organs, such as
the thyroid, the pituitary body, ete.

The hairs and nails, the cuticle of the skin,
certain parts of the rods and cones of the retina, and
the rodsof Corti in the organ of hearing, are modified
epithelial structures.

Epithelial cells are grouped together by ex-
ceedmrrh thin layers of an albuminous inferstitial
cement substance, which during life is of a semi-
fluid nature, and belongs to the group of bodies
known as ﬂlﬂbulins

18. rEﬂards shape, we distinguish two kinds
of ep 1thella,l " cells—columnar and squamous. The
mfummr cells are short or long, cylindrical or pris-

matic, pyramidal, conical, club-shaped, pear-shaped,



EPITHELIUM. 31

or spindle-shaped ; their nucleus is always more or
less oval, their protoplasm more or less longitudinally
striated, being a spongy reticulum with predominantly
longitudinal arrange-
ment. On the free
surface of the cells
—a.¢. the part facing
a cavity, canal, or
general surface —in
many instances a
bright thinner or
thicker  cuticular
structure 1s seen,
with more or less
distinet vertical stri-
ation. The conical
or spindle - shaped,
club - shaped, and

PEE.I'-ShEL]JEd cells are  Fig- 23.—Various kinds of Epithelial Cells,
5 A, Colummar cells of intestine; ®, polyhedral

drawn out 1into cells of the conjunctiva; ¢, eiliated eonical
cells of the trachea; b, ciliated cell of

lﬂnger or shorter frog’s mouth; E, inverted conical cell of
: trachea; F, squamous cell of the cavity of

Slﬂgl& Oor b[‘ﬂnﬂhﬂd mouth, seen from itg broad surface; G,

squamons cell, seen edgeways.

extremities.

The squamous ov pavement cells are cubical,
polyhedral or scaly. The nucleus of the former is
almost spherical, that of the latter flattened in pro-
portion to the thinness of the scales. In polyhedral
cells it can be shown that the uniform granulation is
due to the regular honeycombed nature of the cell
protoplasm.

19. As regards size, the epithelial cells differ
considerably from one another in different parts, and
even in the same part. Thus, the columnar cells,
covering the surface of the villi of the small intestine,
are considerably longer than those lining the mucous
membrane of the uterus: the columnar cells lining
the larger ducts of the kidney are considerably longer
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than those lining the small ducts; the polyhedral
cells covering the anterior surface of the cornea are
considerably smaller than those on the surface of the
lining me :mbrane of the urinary bladder ; the secales
lmmg the ultimate recesses of the bronchial tubes—
the air cells —are con-
b b R =+ siderably smaller than
Lo ] ' those on the surface of
the membrane lining the

) human oral cavity and
4 : g S
E wsophagus (Fig. 24).
20. As regards ar-
Fig. 24. — Three Mucus-secreting I'ﬂllgﬂlllﬂllt, the Epit}lﬂ- -
Bobiice Collx lial cells are arranged

A Mabous sland; o, from the sur. 88 a single layer \OEUAFS
e imeatne icous membrane of - cepatified, forming several
superposed layers ; in the

former case we have a single-layered, in the latter a
stratified epithelium. The '-.l!]IIJ]t‘ {,plthohum may be
composed of squamous cells, stmple squamous or simple
pavement epithelivm ; or itmay be composed of columnar
cells, simple colwmnar epithelivm. The stratified epithe-
lium may be stratified pavement or stratified colwmmnar ;
in the former case all or the majority of the layers
consist of squamous or polyhedral cells: in the latter
all cells belong to the columnar kind. Simple
squamous epithelivm is that which lines the air cells,
certain urinary tubules of the kidney (the looped
tubes of Henle, the cortical parts of the collecting
tubes), the acini of the milk-gland, the inner surface
of the iris and choroid membrane of the eyeball.
Simple columnar epithelinm is that on the inner
surface of the stomach, small and large intestine,
uterus, small bronchi, duets and acini of mucous and
salivary glands, of some kidney tubules, ete. Stratified
pavement epithelium 1is that on the epidermis, the

epithelium lining the cavity of the mouth, pharynx,
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and cesophagus in man and mammals, the anterior
surface of the cornea, ete.

Functionally, epithelium can be classified as : (a)
tegmental —e.g. the epidermis of the skin, the epithe-
linm of mucous membrane ; () as secretory—e.g. the
epithelium lining the alveoli and tubes of secreting
alands, the liver, the kidney, ete.; (¢) sensory—e.g. the
Eplthellalhke cells forming the terminal organs of
nerve fibres—e.g. in the retina, in the organ of hearmg
(cochlea, vestibule, and semicircular canals of the
internal ear), in the taste buds, in the olfactory
membrane, and in the skin ; () forming special horny
organs—e.g. hairs, nails, the horny papillae on the tongue
of feline animals ; (2) some specifie, not well-understood
function—e.g. the epithelium covering the glomeruli
of the Malpighian corpuscles of the kidney, the
epithelium (or endothelium) forming the wall of blood-
capillaries and lymph vessels.

21. The epidermis (Fig. 25) consists of the
following lavers :—(a) Stratuin cornewm : this is the
superhma,l ]mrny layer, and it consists of several
layers of horny scales, without any nucleus. Tts
layers are separated from one another by narrow
clefts containing air, and they are in process of des-
quamation.  This stratum is thickest on the palm
of the hand and fingers and the sole of the foot.
(b) The stratum lucidum, composed of several dense
layers of horny scales, in which traces of an ex-
ceedingly flattened nucleus may be perceived.
(¢) Then follow many layers of nucleated cells,
forming the stratum or rete Malpighic or rete
mucosum. The most superficial layer or layers of it
are flattened scales, which are characterised by the
presence around the nucleus of globular or elliptical
granules of the nature intermediate between pro-
toplasm and keratin. Their substance is called
eleidin by Ranvier, keratohyalin by Waldeyer ; these

D
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cells form the stratwm granvlosum of Langer-
hans.  Deeper down, the cells arve less flattened
and more
polyhedral,
and thedeepest
form a layer of
more or less
columnar cells,
placed  verti-
cally on the
surface of the
subjacent co-
rium.

The sub-
Fig. 25.—From a Vertical Section through the stance ".]f the

Epidermis. (dtlas.) hairs nails
k. , L] ,

@, The stratum Malpighii; b the stratum granulo=um; Jawr
¢, the stratum ltlt'i{iﬂl]l‘: fd, the stratum cormenn. L LL“ S!' hﬂﬂfs!

consists of
horny scales.  (See chapter on Skin.)

22, The stratified
pavement epithe-
limmm (Fig. 26) lining
the cavity of the mouth,
the surtace of the tongue,
the pharynx and ceso-
phagus of man and mam-
mals, and the anterior
surface of the cornea,
ete.,, is, as regards the
style and arrangement
of the ecells, identical
with the stratum Mal-
Fig, 26.—From a Vertical Section Plgl’lll of the Epldermlﬁ‘

through the anterior layers of the The cell protoplasm is
APtk more transparent in the
o The pntited pvement etheliun former, and the granular

ShElonl corpuscies hetween 1t8 la-  agflg  of  fhe Siratin
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granulosum are not always present, but they generally
are in the epithelium of the tongue and of the rest
of the oral cavity. The most superficial scales show
more or less horny transformation.

235, Stratified columnar epithelinm is met
with on the lining membrane of the respiratory
organs : in the larynx, trachea, and large bronchi.
It consists of several layers of columnar cells: a
superficial layer of conical or prismatic cells, with a
more or less pointed extremity directed towards the
depth ; between these are inserted spindle-shaped
cells, and finally inverted conical cells.

The epithelium of the ureter and bladder is called
transitional epitheliwm. 1t is stratified, and the most
superficial layer consists of polyhedral cells.  Under-
neath this 1s a layer of club-shaped cells, between
which extend one or more layers of small spindle-
shaped cells.

Amongst the columnar epithelial cells occurring in
man and mammals the ciliated cells and the goblet
cells, and amongst the squamous cells the prickle cells,
deserve special notice.

24. Ciliated cells are characterised by possess-
ing a bundle of very fine longer or shorter hairs or
cilia on their free surface. These cilia are direct
prolongations of the cell protoplasm. More correctly
speaking, the cilia are continuous with the filaments
or striw of the cell protoplasm. The superficial
layer of conical cells of the epithelium in the respira-
tory organs, the columnar cells lining the uterus and
oviduct, and the colummar cells lining the tubes of
the epididymis, possess such cilia. In lower verte-
brates the ciliated cells are much more frequently
observed ; in Batrachia the epithelial cells lining the
mouth, pharynx, and wsophagus are ciliated.

While fresh in contact with the membrane which
they line, or even after removal from it, provided the



16 Erewenrs oF Hisrorocy.

cells are still alive, the ciliated cells show a rapid
synchronous whip-like movement of their cilia, the
cilia of all cells moving in the same direction. The
movement ceases on the death of the cell, but may
become slower and may cease owing to other causes
than death, such as coagulation of mucus on the
surface, want of sufficient oxygen, presence of car-
bhonic acid, low temperature, etc. In these circum-
stances, removal of the impediment, as by dilute
alkalies, will generally restore the activity of the
cilia. Moderate electric currents and heat stimu-
late the muuuwnt strong electric currents and cold
retard it. Reagents iat.tlh affecting cell protoplasm
also stop punmneut]v the L‘III:H'T action.

25 Goblet or chalice cells (Figs. 24, 27) are
cells of the shape of a conical cup. The pomtpd part
is directed away from the free surface, and contains a
compressed tmmrru]m nucleus *:lllll’JlHIl]El’l by a trace

of protoplasm. The ]H}d} of the
*-“r‘g*'% goblet contains mucus. This latter
rf" may be in various states of for-
mation, and may at any time be
I*"l':-',_-_ﬂT:-P_'l'mu aVer- poured out of the cell. Goblet
Hﬁlﬂ?;ffffﬁﬁ,!,!:,',Tuﬁ}: cells are most commonly +n1f-::t with
the surface of the amongst the epithelium lining the
of the large intes- Trespiratory organs, the surface of
Ti;l-]'iel-:ﬁguhl{:[ BEL 1T the &_‘».tmmu."h and intestines, m}d
?ﬁﬂgﬁgm']i‘l;;'l‘li*;:h::.ll'i: HEPEG]&“}’ ]Il. 1[]11(30115. glitﬂd:ﬁ, 11
:;:E‘illlsl.m”- columnar \\']](}HE SE(:]'E!'tll‘lg plfll'tl{}n ﬂl] CE]]H
are goblet cells.

The protoplasm of colummar cells facing a free
surface, no matter whether in simple or stratified
epithelium, ciliated or mnon-cihated, may undergo
such alteration as will lead to the transformation of
the cell into a mucus-secreting goblet cell.  This
takes place during life, and corresponds to an im-
portant function of columnar epithelial cells—viz.
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the formation of mucus. In mucus-secreting glands
all the epithelial cells have this function permanently,
but in ordinary colummnar epithelium only a compara-
tively small number of the cells, as a rule, undergo
this change, and then only temporarily; for a cell
subject to it at one time may shortly afterwards
resume the original shape and aspect of an ordinary
pr{}tﬂplasnuc c:vlln{hl-;al or conical epithelial cell,
and wice versd. If cilisted cells undergo this clnugu
the cilia are generally first detached.

It can be shown that in this change of an
ordinary columnar epithelial cell into a goblet cell
the interstitial substance of the cell reticulum swells
up and increases in amount, the meshes enlarging and
distending the body of the cell. The middle and
upper part of the cells then change, first into
mucigen, and finally into mucin, which is ev entually
discharged, leaving in the deepe:t part the compressed
nucleus surrounded by a trace of protoplasm behind
(see Fig. 34).

26. Prickle cells (Fig. 25).—Amongst the
middle and deeper layers of the stratified pavement
epithelium, such as is present in the epidermis and
on the surface of the oral cav ity and pharynx, we
meet with a close, more or less distinet and regular
striation, extending from the margin of one cell to
that of each of its neighbours, by means of fine
transverse short fibrils which, passing from proto-
plasm to protoplasm, connect the surfaces of the cells.

27. Pigmented epithelial cells—7.e. epithelial cells
filled \‘r‘lt]l black pigment particles (crystals) —are
found on the internal surface of the choroid and
iris of the eyeball.

In coloured skins, and in coloured patches of skin
and mucous membrane, such as oceur In man and
animals, pigment in the shape of dark granules is found
in the pratoplasm of the deeper eplthelml cells, as well
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as in branched cells situated between the epithelial
cells of the deeper lavers. Minute branched non-
pigmented nucleated cells are met with in the
wnterstitial or cement substance of various kinds of
epithelium, simple and stratified—e.gq. epidermis,
epithelium of oral cavity, cornea, ete.

28. Epithelial eells undergo division, and by this
means a constant regeneration takes place. In those
parts where the loss of the superficial layers of cells is
conspicuous, such as the epidermis, the stratified epi-
thelinm of the tongue and oral cavity, the sebaceous
follicles of hairs, the regeneration goes on more
copiously than at places where no such conspicuous
loss oceurs —as, for instance, in the stomach and in-
testines, the secreting glands, or sense organs.

[n the stratified pavement epithelium it is the
cells of the deepest layers which chiefly divide. As
a rule, this division takes place transversely in the
evlindrical cells, but may also occur longitudinally (A.
Kollmann). The epithelial cells next to the deepest
layer of columnar cells are to a great extent the result
of the division of the latter, and as this proceeds there
is a gradual shifting of the older cells towards the
surface and a simultaneous flattening of the cell
protoplasm as well as the nucleus,

29, The interstitial substance between, and the
protoplasm of, the epithelial cells being a soft flexible
material, the cells can change their shape and arrange-
ment owing to pressure exerted on them by the con-
traction or distension of the subjacent membrane.
Thus the epithelium lining a middle-sized brounchus
at one time appears composed of thin columnar cells
in two layers ; at another, as a single layer ; or again,
as a single layer of short columnar cells: in the first
case the bronchus i3 contracted, in the second in a
medium state of distension, in the third much dis-
tended.  Similar “changes may be noticed in the



LoPITHELIUM. 39

epithelium lining the bladder and the stratum
Malpighii.

The anterstitial substance, being a soft, semi-fluid
substance, represents the paths through which granules
and formed particles may find their way from the free
surface into the membrane beneath, or wice versd.
Also leucocytes pass out in certain localities from the
membrane underneath, between and into the substance
of epithelial cells, and may finally be discharged on to
the free surface —e.g. in the tonsils, in the fauces and
pharynx and larynx. Epithelial cells may in this way
include in their substance various formed particles :
granules, fat globules, leucocytes, nuclei of leucocytes,
etec. Besides these cell enciosures and the paranuclei
and chromatin granules mentioned in a former para-
graph, in some localities (e.g. stratum Malpighii of the
epidermis, epithelium of the oral cavity, pharynx and
esophagus) the epithelial cell substance undergoes
a partial or total change into keratinous substance,
keratohyalin, forming a mantle around the unchanged
cell protoplasm like a capsule.
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CHAPTER 1V.
ENDOTHELIUM,

30. TrE free surfaces of the serous and synovial
membranes, and of those of the brain and spinal
cord, the posterior surface of the cornea and anterior
surface of the iris, the surfaces of tendon and tendon-
sheaths, the lymph sinuses or lyvmph sacs of amphibian
animals, the cavity of the heart, of blood-vessels
and of lymphatic vessels, are lined with a continuous
P e L endothelial membrane, composed of
{ =l Eafﬁ___ﬂfk a single layer of flattened trans-
@&j ) parent .za*qrun.a.-emc.s:'ﬂr:eh's, Cfl.lled endo-
= 7T e) iY thelial  cells (Fig. 28).  Each
| Al contains an oval nuclews, situated
as a rule excentrically. ‘Just as in
Fi:‘-ii 28—Endothelium - the case of epithelium, the endo-

) 1 Mesentery of | Z L

Cat. thelial cell plates are joined by a
Theoutlines of theendo-  fluld or semi-fluid homogeneous -

thelial cellz and the s =

nuclens of the latter ferstitinl or cenment substance of the

are well shown, . - -

nature of globulin. When examin-

ing any of the above structures fresh, the endothelial
cells are not, as a rule, visible, owing to their great
transparency; but by staining the structures with a
dilute solution of nitrate of silver, and then exposing
them to the influence of the light, the cement sub-
stance appears stained black, whereby the shape and
size of the cell plates become evident. By various
dyes also the nucleus of each cell plate may be brought
into view.

On careful examination, and with suitable re-
agents, it can be shown that each endothelial cell
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consists of a homogeneous ground plate. In it lies
the nucleus, and around it is a substance which ap-
pears granular, but which is of a fibrillar nature, the
fibrillae being arranged in a network, and extending

Fig. 20.—Network of Lymphaties in the Central Tendon of the Diaphragm
of Rabbit, prepared with nitrate of silver, so as to show the outlines of
the Endothelial Cells forming the wall of the Lymphaties. (Handbook.)

G, Large Ivmphatic vessela: b, lymphatic capillaries ; ¢, apparent ends of the
capillaries.

in many places up to the margin of the ground
plate. The nucleus is limited by a membrane, and
contains a well-developed reticulum. The fibrille of
the cell substance appear to be connected with the
nuclear reticulum.

31. As regards shape, endothelial cells differ
considerably. Those of the pleura, pericardium, peri-
toneum, and endocardium of man and mammals are
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more or less polygonal, or slightly elongated. Their
outlines vary ; in the lining of the lymph sacs ot the
frog they are much larger, and of very sinuous out-
line ; while those of the posterior surface of the cornea

Fig. 30.—Omentum of Rabbit, stained with Nitrate of Silver.. (Atlas.)

it. Ordinary flat endothelial cell= ; b, germinating cells.

are very regular, pentagonal, or hexagonal, having
straight outlines in the perfectly ncrmal and well-pre-
served condition, but serrated and sinuous after they
have been prepared with various reagents and in the
abnormal state ; the endothelial plates lining the blood-
vessels and lymphatic vessels (Fig. 29) are narrow
and elongated, with more or less sinuous outlines. In
the lymphatic capillaries the endothelial plates are
polygonal, but their outline is serrated.

32. As a rule, the endothelial cells are flattened—
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i.e. scaly—but in some places they are polyhedral,
or even short columnar. Such cells occur isolated or
in small groups, or covering large and small patches,
nodular, villous, or cord-like structures of the pleura
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Fig. 31.—Part of Peritoneal Surface of the Central Tendon of Diaphrggzm of
Rabbit, prepared with Nitrate of Silver. (Handbook.)

&, Stomata ; I, lymph-channe!s ; ¢, tendon bundles, The surface is covered with
endothelium. The stomata are surrounded by germinating endothelial cells.

and omentum, on the synovial membranes, tunica
vaginalis, testis, ete. They are especially observable
in considerable numbers in the pleura and omentum
(Fig. 30) of all normal subjects (in man, ape, dog, cat,
and rodent animals) ; their number and frequency of
occurrence are increased in pathological conditions
(chronic inflammations, tuberculosis, cancer, ete.).
These endothelial cells are the germinating endo-
thelial cells, and they can be shown to be in an
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active state of division. They thus produce small
spherical lymphoid (ameboid) cells, which ultimately
are absorbed by the lymphatics, and carried into the
blood system as white blood corpuscles. On the

i

Fig. 52,—Part of Omentum of Cat, stained with Nitrate of Silver.

i, Fenestrae or holes ; b, cracecu b covercd with endothelnm,.  Onily the outlines
(silver lines) of the endothelial cells are shown.

surface of the serous membranes, especially the
dlﬂ]‘lllld"‘l[l (Fig. 31) and pleura, there exist minute
openings, \tmu-ﬂ:frr, leading from the serous cavity into
a lymphatic vessel of t-he serous membrane. These
stomata are often lined by germinatinw cells.

33. In the frog, germinating cells occur in great
abundance on the mesogastrium and the part of the
peritoneum which separates the peritoneal cavity

from the cisterna lymphatica magna. This part of
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the peritoneum is called the septum cisterne lym-
phaticee magnze, and on it oceur numerous holes or
stomata, by which a free communication is established
between the two cavities. On the peritoneal surface
of this septum the stomata are often bordered by
germinating cells. In the female frog, these and
other germinating endothelial cells of the peritoneum
(mesogastrium, mesenterinm, septum cisterna) are
ciliated.

34. The omentum and parts of the pleura are, in
the adult human subject, ape, dog, cat, guinea-pig, rat,
etc., of the nature of a fenestrated membrane (Fig. 32),
bands of fibrous tissue of various sizes dividing and
reuniting, and leaving between them larger or smaller
holes, in shape oblong or circular. These holes or
fenestrse are not covered with anything, the endo-
thelial cells adhering only to the surfaces of the
bands without bridging over the fenestre. On the
peritoneal surface of the diaphragm the endothelial
cells possess a different arrangement from that on
the pleural side ; on the former surface a number of
lymph channels (that is, clefts between the bundles
of tendon and muscle) radiate towards the middle of
the central tendon. The endothelium of the free
surface over these lymph channels is composed of
much smaller cells than at the places between, so
that the endothelium of the peritoneal surface of the
diaphragm shows numbers of radiating streaks of
small endothelial cells. Many of these small cells
are not flattened, but polyhedral, and of the nature
of germinating cells (Fig. 31). The above-mentioned
stomata occur amongst these small endothelial cells.



CHAPTER V.
FIBROUS CONNECTIVE TISSUES,

By the name of *“connective tissues” we
designate a variety of tissues which have in common
with one another, that they are developed from the
same embryonic elements ; that they all serve as sup-
porting tissue or connecting substance, for nervous,
muscular, glandular, and v ascular tissues; that they
are capable of taking one another’s place in the
different classes of animals; that in the embryo and
in the growing normal and morbid condition one may
be lenﬂr{-d into the other ; that in the adult they
f*lddutill} shade off one into the other ; and that tllE}f
yield allied chemical products,

Connective tissues are divided into the three great
groups of (1) fibrous connective tissue; (2) Leutlhwe
(3) bone, to which may be added dentine. Kach of
these is subdivided into several varieties, as will
appear farther on; but in all instances the grownd
substance, ov matrixz, or witercellular substance, is to
be distinguished from the cells. 1In the fibrous con-
nective tissue the matrix yields collagen or gelatin,
and the cells are called connective-tissue cells, or con-
nective-tissue corpuscles. In the cartilage the ground
substance yields chondrin, and the cells are called
cartilage cells. In the third group the ground sub-
stance contains inorganic lime salts 111t:1111£a|,imeljr con-
nected with a fibrous matrix, and the cells are called
bone cells.

36. The fibrous conmnective tissue, or white
fibrous tissuwe, occurs in the skin and mucous
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membranes, in the serous and synovial membranes,
in the membranes of the brain and spinal cord, in
tendons and tendon sheaths, in fascize and apoueuroses,
in the intermuscular tissue, and in the tissue con-
necting neighbouring organs, ete. It consists of
microscopic band-like or eylindrical bundles or fasciculi
of exceedingly fine homogencous fibrils (Fig. 33), which

Fig. 33. —Plexus of Bundles of Fibrous Tissue from the Omentum of Rat.

a, Capillary blood-vessel ; b, bindles of Hbrons bissue 3 ¢ Dhe connectiVe-Tiss e
corpnscies; o, plasmoy ceils. (Afluns)

are known as the elementary connective-tissue fibrils,
According to the number of these the bundles differ
in size. The bundles, and also their constituent
fibrils, may le of very great length-—several inches.
Where the fibrous tissue forms continuous masses—
as in tendon, fascia, aponeurosis, skin, and mucous
membrane—the microscopic bundles are aggregated
into smaller or larger groups, the trabecule, and these
are again associated into groups. The fibrils are held
together by an albuminous (globulin), semi-fluid,
homogeneous cement substance, which is also present
between the bundles forming a trabecula,
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The groups of bundles, and even the individual
bundles, are in some localities invested with an elastic
sheath—e.g. in the trabeculee of bundles in the
subcutaneous tissue.

On adding an acid or an alkali to a bundle of
fibrous tissue, it 1s seen to swell up and to become
glassy-looking, homogeneous, and gelatinous. Sub-
jected to boiling in water, or to dwvstmn by dilute
acids, the bundles of fibrous tissue }1@1[1 collagen or
gelat-m.

37. According to the arrangement of the bundles,
the fibrous connective tissue varies in different locali-
ties. (1) In tendons and fascie the bundles are
arranged parallel to one another. (2) In the true
skin aml mucous, serous, and synovial membranes, in
the dura mater and tendon sheaths, the trabecule of
bundles divide repeatedly, cross and interlace very
intimately with one another, so that thereby a dense
felt-work is produced. (3) In the subcutaneous, sub-
mucous, or subserous tissue, in the intermuscular
tissue, in the tissue connecting with one another
different organs or parts of the same organ—i.e. inter-
stitial connective tissue—the texture of the tibrous
tissue is more or less loose, the trabeculw dividing and
reuniting and crossing one another, but leaving between
them larger or smaller spaces, cellule or areole, so
that the tissue assumes the character of a loose
plexus, which is sometimes called * areolar ” or * cel-
lular tissue.” Such tissue can be more or less easily
separated into larger or smaller lamell®, or plates of
trabecule. (4) In the omentum and parts of the
pleura of man, ape, dog, cat, and some rodents, and
in the subarachnoidal tissue of the spinal cord and
brain, the trabecule form a fenestrated membrane, with
larger or smaller oval or circular holes or fenestrz.

38. The commective-tissue cells or corpuscles
occurring in white fibrous tissue are of several
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varieties. (@) In tendon and fascize the cells are called
tendon cells or tendon corpuscles ; they are flattened

P

_—— R i = _%
= = Ty == - e =
= - ,::.F..--"":.: \::' -_'__.?"‘-.-_,__,,_ Lh;‘gﬂ:’%‘; }-'.'. ""'-"'rrf::}—.'_—.-.a—_

e e e ey Sl Fas T, TT)

= " mﬂ“-ﬂf-::-%a DGO .

- T Q fixfﬁ_

=
i

E

Fig. 34.—Tendon of Mouse’s Tail, (E. A. Schifer.)
a, Chains of tendon-cells seen broadways; b, the same in profile,

nucleated protoplasmic cells of a square or oblong
shape (Fig. 34), forming continuous rows (single files),
situated on the
surface of groups
of bundles of
fibrous  tissue,
Between  these
groups are wider
or  narrower
channels, the in-
terfascicular
lymph  spaces,

running parallel A 3
: : 1g. 35.—From a Transverse Seetion through the
with the 1011g Tendons of the Tail of a Mouse, stained with

axis of the ten-  sold chloride. (Handbook,)

ol Fie, 35), 3Several fine tendons are shown here. The dark
[ﬂ' 1 { 1-:: *}) branched corpuscies correspond to albuminous
The cells in each cement substance stained with gold chloride :
they are the channels between the bundles of
row are separ- fibrous tissue, constitnting the tendon, and seen
here as the clear spaces in cross-zection. In each
ﬂ"ted fr,nl'n one of these channels is a row of tendon eells—not
discernible here, the long axiz of these rows
another b}' a nar- being parallel with the long axis of the tendon.

row line of albu-
minous cement substance, and the round nucleus of

the cell is generally situated at one end, in such a
E
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way that in two adjacent cells of the growing tendon
the nuclei face each other. This indicates that the
individual cells undergo division. Corresponding to
the margin of each
row, the cells possess

il minute processes. The
m cell plate is not quite
@ flat, but possessed of

;’ o one, two, or even

-~

three membranous pro-
Fig. 36.—From the Tailuf'tT:u]pn]u jE‘C‘tiUHS ]_,}r which 1t

e, Brunehed comective tissye celis: w5 wedged in_between

the individual bundles
of the group to which the row of cells belongs.

39. (b) In the serous membranes, cornea, subecu-
taneous tissue, and loose connective tissues, the cells
are flattened transparent cor-
puscles, each with an oblong
flattened nucleus, and more or
less branched and connected by
their processes. In the cornea
they are spoken of as the
corneal corpuscles, and are very
richly branched (Fig. 37). They
are sitnated between the lamellse
of fibrous bundles of which the
ground substance of the cornea
. consists.

Fig. 37.—From the Cornea These corpuscles are also
of Kitten, showinz the gjtnated in the interfascicular
Networks of the Branched
Corneal Corpuscles. lymph spaces, or spaces left

a, The network of their pro- hetween t.he bundles of t—hE
ces=es ; b, noclens of the : - .
corpuscle. (Atlas.) fibrous matrix, which are cavi-

ties in the interstitial cement,
cementing the bundles and trabecul® together (von

Recklinghausen). In the cornea and serous mem-

branes these spaces possess the shape of branched
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lacunze, each lacuna being the home of the body of
the cell, while the branches or ecanaliculi contain
its processes. These canaliculi form the channels
by which neighbouring lacunz anastomose with one
another (Fig, .5‘%). The cell and its processes do not
fill up the lacuna and its canaliculi, but are bathed
in the paraplasma or fluid contained in the lymph
canal system. In
loose connective tis-
sue the lacuna may
be of considerable
size, and may contain
several  connective
cells, which make as
it were a lining for
it.  These in some
places are very little
branched, and almost
form a continuous
endotheloid mem-
brane of flattened
cells. Such 1s the

Suﬁep'i:.ﬁftefiaf endotle- Fig. 38.—From the Cornea of Kitten,
: “stained with Nitrate of Silver, show-
livm of Debove, occur- ing the Lymph-canal System.
rimg wunderneath the a, The lacun®, each containing the nucleated
- . cell-body just indicated here; b, the
Eplt!lE]lqu on t!'w canaliculi f‘ur the cell proceszes, (Atlas)

surface of the mucous
membrane of the bronchi, bladder, and intestines.
40. (¢) In the true skin and mucous membranes
the connective-tissue cells are also branched flattened
corpuscles, and by their longer or shorter processes
are connected into a network (Fig. 36). Each
cell has a flattened oblong nucleus. As a rule,
some of the processes are membranous prolongations
coming off under an angle from the body of the cell,
which is then called the chief plate, the processes
being the secondary plates. By the latter the cell is
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wedged in between the bundles of the trabecula to
which it belongs.

This character of the cells (ie. possession of
secondary plates) is well shown by the cells of the
skin and mucous membranes, but only In a very
limited degree by those of the cornea and serous mem-
branes, and somewhat better by some of those of the
subcutaneous and other loose connective tissues,

In the skin and mucous membranes also the cells
and their processes are bathed in the paraplasma
contained in the interfascicular lymph spaces.

4]1. The connective- tissue corpuscles hitherto
mentioned are fixed corpuscles; they do not show
movement. Kiihne and Rollett aseribe to the corneal
corpuscles a certain amount of contractility, inasmuch
as they are said to be capable of withdrawing their
processes on stimulation. When this ceases they
are said again to protrude them. According to
Stricker and Norris, they acquire contractility when
the corneal tissue is the seat of inflammatory
irritation. It can be shown that the connective-
tissue cells consist, like the endothelial plates,
of a ground plate dnd a fibrillar reticulated (crrcmular-
lumklng) substance around the nucleus, and extending
beyond the ground plate into the processes of the
cell.
old-blooded verte-
brates, fishes, reptiles, and amphibian animals, we
find certain branched nucleated connective-tissue cor-
puscles, distinguished by their size and by the proto-
plasm both of the cell-body and processes (but not of
the nucleus) being filled with pigment granules. The
pigment is either grey or yellow, or more commonly
dark brown, or even black. These cells are called pig-
mented connective-tissue cells, or simply pigment cells.
They are very numerous in the skin of fishes, reptiles,
and amphibian animals, and also around and between
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the blood-vessels of the serous membranes, They are
also present in man and mammals, but then they are
chiefly limited to the eye-ball, where they occur in the

Fig. 30.—Pigment Cells of the Tail of Tadpole.

A, B, ¢, D reprcsent various states; A heing a cell in an uncoatracted or passive
ElALr. DIN A comtracted or active state,

proper tissue of the iris of all but albino and bright
blue eyes, and in the tissue of the choroid membrane.
In dark eyes of mammals a large number of these
cells are found in the tissne between the sclerotic and
choroid, as the lamina fusca, and also, but to a more
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limited degree, in the sclerotic. As a rule, they appear
to be of various kinds: such as are flattened, large
plates perforated by a number of small and large holes
and minute clefts: such as possess a more spindle-
shaped body, and long, thin, not very richly branched
processes ; and intermediate forms between the two.
But on careful examination it will be seen that these
appearances are due to different states of contraction
of the same kind of cells (Fig. 39).

43. In the lower vertebrates the dark pigment
cells show marked contractility, inasmuch as they are
capable of altogether withdrawing into their body the
pigmented processes. In the passive state these are
exceedingly numerous, and form a network so dense
that the whole mass of the cells and their paraplasma
resembles an extremely close network of pigment.
In the maximum of activity the pigmented processes
disappear, being withdrawn into the cell-body, which
now looks like a spherical or oblong mass of black
pigment. Between the states of passiveness and
maximum activity there are various intermediate
arades, in which the pigmented processes are of
various numbers and lengths,

44. Owing to the great number of the pigment
cells in the skin of fishes and amphibians, the state
of contraction of these cells materially affects the
colour of the skin. If the dark pigment cells of a
particular part contract, the skin of this particular
part will become lighter and brighter, the degree of
lightness and brightness depending on the deurpe of
contraction of the pigmented processes by the cells.
Briicke has shown that darkness is a stimulus to the
pigmented cells ; they contract and the skin becomes
light. Sunlight leaves the pigmented cells in the
passive state, their pigmented processes numerous
and well bta.nched and the skin appears therefore
of a darker colour. If previously they have heen



Fierovs CoNNECTIVE TISSUES. 55

contracted by darkness, on being exposed to sunlight
they again return to the passive state. The contrac-
tion of the pigment cells is under the direct influence
of the nervous system (Lister). Pouchet proved that
the contractility of the pigment cells of the skin of
certain fishes is influenced as a veflex action by the
stimulation of the retina by light.

15. Fat cells. Fat cells in the ripe and
fully-formed state are spherical, large vesicles, each

Fig. 40.—From a Preparation of the Omentum of Guinea-pig. (Atlas,)

it, Artery ; ¥, vein ; g, young capillary blood-vesz=el ; d, fat cells.

consisting («) of a thin protoplasmic membrane, which
at one point includes an oval nucleus flattened from side
to side, and (4) of a substance, which is a fat globule
filling the cavity of the vesicle (Fig. 40). These fat
cells are collected together by fibrous connective
tissue into smaller or larger growups, which in their
turn form /Jobules ; these again form by means of
thicker masses of fibrous connective-tissue lobes, and
these are finally arranged as continuous masses. Each
group and lobule has its afferent arteriole, one or two
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efferent wveins, and a dense network of capillaries
between ; each mesh of the capillary network holding
one, two, or three fat cells (se¢ below). Such are the
nature and arrangement of fat or adipose tissue in
the subcutaneous and submucous tissue, in the serous

Fig. 41.—From a Seetion through the adipose layer of the Skin ; showing
Lobules of Fat-cells, Magnifying power, 40. (From a Photograph by
Mr. A. Pringle.)

and synovial membranes, in the intermuscular tissue,
in the loose tissne connecting organs or parts of
organs.

It can be shown that fat cells are derived from
ordinary connective tissue cells. In some places—
both in the embryo and adult—the protoplasm of the
connective-tissue corpuscles, growing in size, becomes
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filled with small fat globules, which, increasing in
number, become fused with one another to larger
globules ; as their size thus increases the cell nucleus
becomes shifted to the periphery: ultimately one
large fat globule fills the cell, and what is left of the

Fig. 42.—From a Seetion of Lobules of Foetal Fat, showing connective-tissue
septa with vessels (surrounding the lobules) ; the spheroidal young
uefl:;, many of them containing globules of fat. (Photograph, moderately
magnified. )

cell protoplasm surrounds this fat globule like a mem-
branous envelope. The cell as a whole has become in
this process many times its original size (Fig. 41).

46. It can also be shown that where at one time
only few isolated connective-tissue corpuscles are
present, at another time, in the natural state of
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growth, and especially under very favourable con-
ditions of nutrition, the connective-tissue cells become
increased by cell-multiplication so as to form groups ;
these groups continue to increase in size and to be
gradually furnished with their own system of blood-
vessels; the individual cells constituting the group
become then converted into fat cells, and their pro-
cesses are thereby lost (Fig. 42).

Isolated connective - tissue cells situated in the
neighbourhood of small blood-vessels are converted
into fat cells under favourable conditions of nutrition.

In starvation the fat cells lose their fat globule,
they become smaller and contain a serous fluid, which
may ultimately also disappear. Finally, the fat cell
may be reduced to a small, solid, protoplasmie, slightly
branched cell.

47. In many places the fibrous connective tissue
mcludes, besides the fixed cells, others which show
ameeboid movement, wandering cells, These are of
various kinds, like those of the blood : (1) A majority
are identical with the typical hyaline leucoecytes of
the blood, as regards size, shape, aspect, and
general naturve (Fig. 36, m). They wander about
through the spaces of the fibrous tissue. They con-
tain two or three nuclei. (2) Those of the second
variety possess a small amount of protoplasm, and one
comparatively large nucleus : they correspond to the
lymphocytes mentioned in connection with the white
blood corpuscles. The amceboid movement of these
cells is not so distinct as in the first variety. (3)
Plasma cells of Waldeyer. They are larger than the
former, less prone to migrating, being possessed of
only slight ameboid movement, which is, however,
sufficiently pronounced to be detected. They always
contain granules, and correspond to the granular cells
mentioned of the blood ; also in regard to their predi-
lection for acid and basic aniline dyes they may be
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distinguished as eosinophile or oxyphile, basophile
or neutrophile cells. The “granules” in some of
the plasma cells may change into fat globules, and
thus the plasma cell becomes converted into a fat
cell.

48, The wandering cells oceur almost in all loose
fibrous tissues, chiefly around or near blood-vessels ;
they are not nmnewuah’ met with in the health}
state, but increase greatly in the state l}f inflamma-
tion of the part. Those of the larger k .
granular wandering cells or plasma cells, are , met with
in certain localities only ; in the sub-lingual gland of
the dog and guinea-pig they oceur in numbers between
the gland tubes or acini. They are also found in the
mucous membrane of the intestine, in the trabeculswe
of the lymphatic glands, and in the omentum. The
‘““granules 7 of these cells under many conditions
chatlge into fat globules. Just like the hyaline
leucocytes of the blood so also those of the connective
tissues are capable of swallowing minute particles of
extraneous matter—granules of living (bacteria) and
non-living matter that accidentally find entrance into
the connective tissue. These cells, when acting in
this capacity, are called plagocytes.

49, Development of fibrous tissue.—Fibrous
connective tissue is developed from embryonic connec-
tive-tissue cells—i.e. from spindle-shaped or branched
nucleated protoplasmic cells of the mesoblast. The
spindle-shaped cells are met with isolated or in
bundles, as in the umbilical cord or embryonic tendon.
The branched cells form a network, as in the fetal
skin and mucous membrane. In both instances the
protoplasm of the embryonic connective-tissue cells
increases rapidly in amount, and becomes gradually
transformed into a bundle of elementary fibrils, with
a granular-looking interstitial substance. The nucleus
of the original cell finally disappears. A modification
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of this is when only part—generally unilateral—of
the cell substance is converted into a bundle of con-
nective tissue fibrils and inter-fibrillar cement sub-
stance. A remmnant of the protoplasm persists with
the nuecleus as a connective-tissue cell.

The same modes of formation of connective tissue
may be also observed in the adult under normal and
pathological conditions.

50. Fibrous connective tissue is in most places
assoclated with
elastic fibres or
yellow  elastic
tissue, These
are of bright
aspect, of varl-
able thickness
and length,
branching and
anastomosing so
as to form net-
works (Fig. 43).
They are some-
times straight,
but more often
twisted and
coiled. The
it, Bundlez of fibrouz tiszune; b, networks of elastic lﬂ.ttﬂl‘ ﬂﬂndltlﬂn

fibres. (Atlas,) may be observed

when the tissue

is shrunk, the former when it is stretched. They do

not swell up in acids or alkalies, nor yield gelatin

on boiling, but contain a chemically different sub-

stance—viz.  elastin. When broken their ends
generally curl up.

51. Elastic fibres occur in great numbers as net-
works extending on and between the bundles of fibrous
tissue in the skin and mucous membranes, in the

Fig. 43.—From a Preparation of the Mesentery.
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serous and synovial membranes, and in the loose n-
terstitial connective tissues. 'They are not very com-
monly met with in tendons and fasciz ; in the former
they are seen as single fibres often twisting round the
tendon bundles.

Elastic fibres forming bundles, but branched and
connected into networks within the bundle, are to be
found in large numbers in the walls of the trachea,
bronehi, infundibula, and alveoli of the lung, in the
ligamenta flava, in the ligamentum nuchz of the ox
(in which the fibres are exceedingly thick cylinders),
in yellow elastic cartilage (see below), in the mem-
brane lining the cavity of the heart, and in the
vascular system, particularly the arterial division.
In the latter organs the intima, and also to a great
extent the media, consist of elastic fibrils densely
connected into a network.

52. The following are special morphological modi-
fications of the elastic fibves: (a) elastic fenestrated
membranes of Henle, as met with in the intima of
the big arteries; these are in reality networks of
fibres with very small meshes, and the fibres unusually
broad and flat. (b)) Homogyeneous elastic membranes,
which surround, as a delicate sheath, the connective-
tissue trabecul® in some localities —e.g. subcutaneous
tissue. (¢) Homogeneous-looking elastic membranes
in the cornea, behind the anterior epithelinum as Bow-
man’s anterior elastic membrane, and at the back of
the cornea as elastica posterior, or Descemet’s mem-
brane ; in the latter bundles of minute fibrils have
been observed.  Between the mucosa and submucosa
of the stomach of the cat occurs an elastic membrane
of considerable thickness. (d) Elastic trabeculz form-
ing a network, as in the ligamentum pectinatum iridis.
In the embryonic state the elastic fibres are nucleated,
the nuclei being the last remnants of the cells from
which the fibres develop, one cell generally giving
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origin to one fibre, These nucleated fibres are called
Henle's nucleated fibres.

53. Special varieties of fibrous connective tissue
are these : —

(1) Adenoid reticulum. This is a network of fine
fibrils, or plates, forming the matrix of lymphatic or
adenoid tissue. (See Lnnphatm glands.) The reti-
culum is not fibrous connective tissue nor elastic
tissue ; 1t contains nuclei in the young state, and is
derived from a network of branched ce]]s but in the
adult state the reticulum itself pDnSFS.‘:ES no nuclei.
Those found on it do not form an essential part of it.

(2) The mneuroglia of Virchow is a dense network
of very fine homogeneous fibrils which form the sup-
porting tissue for the nervous elements in the central
nervous system. These fibrils are supposed to be
elastic fibres (Gerlach). Embedded in, and inti-
mately connected with, the network of these fibres
are found branched, nucleated, flattened cell plates,
which correspond to the fixed connective-tissue cells.

(3) Gelatinous tissue. This occurs chiefly in the
embryo, being the unripe state of fibrous connective
tissue (see above). It consists of spindle-shaped or
branched connective-tissue cells, separated from one
another by a homogeneous transparent mucoid sub-
stance. It is met with in the umbilical cord and
in the cavity of the middle ear of the embryo, and 1n
all places where fibrous connective tissue is to be
developed. After birth it is found in the tissue of
the pulp of the teeth, where it persists through life ;
in some places it is the precursor of fat tissue, its cells
becoming transformed into fat cells.



CHAPTER VI
CARTILAGE.

54. Cartilage consists of a firm ground sub-
stance which yields chondrin, and of cells embedded
in it. Most cartilages (except on the articulating
surface) are covered on their free surface with a
membrane of fibrous connective tissue with a few
elastic fibrils, This membrane is supplied with
blood-vessels, lymphatics, and nerves, and 1is of
essential 1mportance for the life and '“'lU‘I.‘.th of the
cartilage. This is the peﬂrwfumtfﬂafm There are
three varieties of cartilage.

55. (1) Hyaline cartilage(Fig. 44).—This occurs
on the articular surfaces of all bones ; on the borders
of many short bones ; in the sternal part of the ribs,
as costal cartilages; at the margin of the sternum,
scapula, and os ileum : in the rings of the trachea,
the cartilages of the bronchi, the septum and la,tf:m.l
cartilages of the nose : and in the thyroid and cricoid
cartilages of the larynx. The ground substance is
hyaline—i.e. transparent, like ground glass, and firm.
The cells are spherical or oval protoplasmic corpuscles,
each with one or two nuclei. They undergo division,
and although the two offsprings are at first clese
tozether (half moon-like in optical section), they
gradually grow wider apart by the deposit of hyaline
ground substance between them. The cells are con-
tained in cavities, called the cartilage lacunce. Each
cell generally occupies one lacuna, but, according to
the progress of division, a lacuna may contain two,
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four, six, or eight cartilage cells ; the latter are those
cases In which division proceeds at a more rapid rate
than the deposition or formation of hyaline ground
substance between the cells.

The part of the cartilage next to the perichon-
drium shows most active growth; hence the cells are
here smaller, closer together, and there is less ground
substance.

Each lacuna is lined by a delicate membrane, and,
according to the state of the cell, is either complete]v
or pcutm]h filled out by
it.  This membrane is
called the capsule(Fig. 44).
In many cartilages, espe-
cially in growing cartilage,
it is thickened by the ad-
dition of a layer or layers
of hyaline ground sub-
stance, This is the most
A ; _ recently-formed part of

o “H_“flr}l;l’]':d E%;lﬁ:;‘_”“é-“-‘ ox !.:hemut‘rix; 1t stains differ-
B G s e s
i g tinct from the older part
of the ground substance.

56. In some places, especially in articular carti-
lage (Tillmanns Baber), bundles of fine connective-
tissue fibrils may be noticed in the hyaline ground
substance,

57. In some cartilages the protoplasm of the cell
becomes filled with fat globules (Fig. 46). This fact
may be observed in many normal cartilages; some-
times the fat globules become confluent into one large
drop, and then the cell has the appearance of a fat
cell. In old age, disease, and deficient nutrition lime
salts are deposited in the ground substance, beginning
from the circumference of the cell. The earthy matter
appears in the shape of opaque granules, or irregular
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or angular granules. The ground substance thereby
loses its transparency, becomes opaque in transmitted,
white in re-
flected, light,
and, of course,
very hard and
brittle.  This
process 1s the
caleification of
cartilage. It is
also met with
in cartilage
that 1s to be
replaced by
hone, being the
precursor of the
formation  of
bone, as in the
B obe. P o From s Bommon of e Sl
]_:j‘w'), .ﬁﬂd ﬂft the The lacung containing the cartilage cells anastomose
growing ends of by fine channels,

long bones.

58. The division of the nucleus of the cartilage
cells has been observed during life by Schleicher and
Flemming. It takes place after the
mode of karyokinesis. The lacun:e
of the cartilage are not isolated
cavities, but are connected with one
another by fine channels (Fig. 45),
so that the ground substance 1is
easily permeable by the current of
nutritive fluid. These channels and
lacunze form an intemummun'}cut-ing Fig. 46._Three Car-
system, and are connected with the  tilage Cells filled
lymphatics of the perichondrium  Jio. Far DIoPius.

From the hyaline

Budee). Formed matter, as pie- cartilage of the
( g) d Plg nasal septum of

ment granules, red and white blood  Guineapig.
.
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corpuscles, and pus corpuscles, may also find its way
into the channels and lacunz of the cartilage from
the perichondrium.

At the borders of articular cartilage, where this
is joined to the synovial membrane and to the capsule
of the joint, the cartilage cells are more or less branched,
and pass insensibly into the branched connective tissue
cells of the membrane. In fetal hyaline cartilage
many of the cells are spindle-shaped or branched.

59. In the cartilage separating the bone of the
apophyses from the end of the diaphysis of tubular
bones there is a peculiar hyaline cartilage, known as
the intermediate or ossifying cartilage., Its cells are
arranged in characteristic vertical rows, owing to
the continued division
of the cells in a trans-
verse direction.

Cartilages, or parts
of cartilages, in which
the cells are very
closely placed, owing
to the absence, or
scanty  deposit and
formation, of ground
substance, are called
parenchymatous or cel-
lular cartilage.

Eage s 60. (2)Fibro-ear-

» Fig. 47.—Fibro-Cartilage of an Inter- tilage, or connective-
vertebral Ligament. (Aflas.) tissue Eartilage, oceurs
N e of torta s ewn amd.  ag the mtcresiahnl
dises, as the inter-

articular cartilages, sesamoid cartilages, and as the
cartilage forming the margin of a fossa glenoidalis.
It consists of fibrous connective tisswe arranged in
bundles, and these again in layers. The ground sub-
stance of this cartilage is said to yield chondrin and

=3
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not gelatin. Between the strata of the fibrous bundles
are rows of more or less flattened oval protoplasmic
nucleated cells, each invested in a deticate capsule
(Fig. 47). They are less flattened than the cells of
tendon, and the capsule dis-
tinguishes the two. Where
fibro-cartilage passes into
tendinous tissue the two
kinds of cells pass insen-
sibly into one another,

61. (3) Yellow, or
elastie eartilage, This
variety is also called reti-
cular ; it occurs in the epi-
glottis, in the pinna of the
external ear, in the Eus-
tachian tube, in the car- _
tilages of Wrisberg and Fie- 45 Trom 8 Section oy rons”
Santorini in the larynx. , perichonarium; b networks of
In the E&l‘l}' Stﬂ.gES this 'E‘iliifkgé‘ﬂﬂléh?,lé surrounding the car-
kind is hyaline. Gradually
numbers of elastic fibrils make their appearance,
growing into the cartilage matrix from the peri-
chondrium in a more or less vertical direction, and
branching and anastomosing with one another. The
final stage is reached when the ground substance is
permeated by dense networks of elastic fibrils (Fig. 48),
so arranged that spherical or oblong spaces are left,
each of which contains one or two cartilage cells,
surrounded by a smaller or larger zone of Ayaline
ground substance.




63

CHAPTER VIIL
BONE.

62. BONE, or osseous substance, is associated with
several other soft tissues to form a bone in the ana-
tomical sense of the word.

(a) The periosteum. —Except at the articular
surfaces, and where bones are joined with one another
by ligaments or cartilage, all bones are covered with a
vascular membrane of fibrous connective tissue. This
is the periosteum. 1t consists in most instances of
an outer fibrous layer, composed of bundles of fibrous
tissue densely aggregated, and an wnner, or osteogenetic
layer, which is of loose texture, consisting of a mesh-
work of thin bundles of fibrous tissue, in which
numerous blood-vessels and many pmtﬂp]asmm cells
arve contained. The blood-vessels form by their capil-
laries a network. The cells are s,pherm(hl or oblong,
each with one spherical or oval nucleus. They have
to form bone-substance, and are therefore called the
osteoblasts (Gegenbaur).

(h) The cartilage is hyaline cartilage, and its
distribution on and connection with bone have been
mentioned on pp. 63 and 64

63. (¢) The marrow of bomne is a soft vascular
tissue, filling up all spaces and cavities. It consists
of a very small amount of fibrous tissue as a matrix,
and in it are embedded snwmerous blood-vessels and
cells. The few afferent arterioles break up into a
dense network of capillaries, and these are continued
as plexuses of veins, characterised by their compara-
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tively large size and exceedingly thin walls. The
cells are of the same size, aspect, and shape as the
osteoblasts of the osteogenetic tissue, and they are
called marrow cells.

In origin and siructure, the tissue of the osteo-
genetic layer of the periostewm and the marrow arve
identical. In the embryo, the marrow is derived
from an ingrowth of the osteogenetic layer of the
periosteum {-:r'e-" below), and also in the adult the two
tissues remain directly continuous. As will be shown
later, the marrow at the growing ends of the bones
is concerned in the new formation of osseous substance
in the same way as the osteogenetic layer of the peri-
osteum 1s in that of the surface ; and in both tissues
the highly vascular condition and the cells (osteo-
blasts of the osteogenetic layer, and marrow cells of
the marrow) are the important elements in this bone
formation. Marrow is of two kinds, according to
the condition of the cells. If many or most of these
are transformed into fat cells, it has a yellowish aspect,
and is called yellow marrow ; if few or none of them
have undergone this change, it looks red, and is called
red marrow. In the central, or marrow, cavity of the
shaft of tubular bones, and in the spaces of some
spongy bones, the marrow is yellow ; at the ends of
the shaft, in the spongy bone substance in general,
and In young growing bones it is red.

Some of the cells, especially those of red marrow,
the erythroblasts, are the elements from which nor-
mally vast numbers of red blood corpuscles are
formed, as has been mentioned on a former page.

In marrow, particularly in red marrow, we meet
with large multinucleated cells, called myeloplaxes of
Robin. They are derived by overgrowth from ordin-
ary marrow cells, and are of importance both for
the absorption as also for the formation of bone
(see below). According to Heitzmann, Malassez, and
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others, they also have to do with the formation of
blood-vessels and blood corpuscles. Numerous eosino-
phile cells are present in the marrow,

(4. The matrix of osseous substance is dense
plexiform fibrous connective tissue, 7.c. a tissue yield-
ing gelatin on boiling. The cement substance between
the fibrils is petrified, owing to a deposit of insoluble
inorganic lime salts, chiefly carbonates and phosphates.
These can be dissolved out by strong acids (hydro-
chloric) and are thereby converted into soluble salts.
Thus the organic matrix of osseous substance—called
ossein—may be obtained as a soft flexible material,
easily cut.

In young bone the matrix or ossein is a plpxus of
trabeculse ﬁf fibrous tissue (v. Ebner), and in it are
also a few elastic fibres to be noticed.

The bhone substance is in the adult state generally
lamellated, the lamellze being of microscopic thinness.
Between every two lamelle are numbers of isolated,
flattened, oblong spaces—the bone lacune (Fig. 49),
which anastomose
by numerous fine
canals with one
another, and also
with those of the
next lamella above
and below (Fig. 50).
The appearances are
very similar to those
presented by the
lacunz and canali-
culi containing the
Fig. 49.—0sseous Lamellie ; oblong branched eprneal EGPPHSG]EE

“bone lacun:e and canaliculi between them. . .
(Atlas.) as desceribed 1n
Chapter V.

The bone lacunwe and their ecanaliculi are the

lymph-canalicular system of osseous substance, for they
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are in open and free communication with the lymphatic
vessels of the marrow spaces and of the Haversian
canals,

65. In the bone matrix, each lacuna contains also
a nucleated protoplasmic cell, called the bone celr,
which, however, does not fill it completely. In the

Fig. 50.—From a Transverse Section through Compact Bone, showing
systems of concentrie lamellse (with bone corpuseles between) around
Haversian eanals. (From a photogram by Mr. Pearce.)

young state the cell is branched, the branches passing
into the canaliculi of the lacunze ; but in the old state
only traces of the original nucleated cell and very few
processes can be detected ; this with its lacuna and
canaliculi is called a bone corpusele.

66. According to the arrangement of the bone
substance, we distinguish compact from spongy sub-
stance. The former occurs in the shaft of tubular
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bones and in the outer layer of flat and short bones.
Its lamellze are arranged as: (a) concentric or Haversian
lamelle, directly surrounding the Hawversion canals
(Fig. 51). These are narrow canals of varying lengths
pervading the compact substance in a longitudinal

|

A
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Fig. 51.—Compact Bone Substance in Cross-section. (Atlas.)
a, Concentric lamell arranged around the Haversian canals, cut across; b, in-

termediate or ground lamellze. The bone lacuna are seen between the bone
lamellm,

direction, and anastomosing with one another by
transverse or oblique branches. The Haversian canals
near the marrow cavity are larger than those near
the periosteum. In fact, those next to the marrow
cavity become gradually enlarged by absorption of
the concentric lamellse, until finally they are fused
with the marrow cavity. Each Haversian canal con-
tains a blood-vessel, one or two lymphatics, and a
variable amount of marrow tissue. These canals open
both into the marrow cavity and on the outer surface
into the osteogenetic layer of the periosteum, and
they form the means by which the latter remains in
continuity with the marrow. Each canal is surrounded
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by a series of concentric bone f’umm'frr, with the boune
corpuse les between them, and this is a system of con-
centric lamelle. Near the external surface of the
compact substance the number of lamell:e in each
system is smaller than in the deeper parts. (b)

Fig. 51a.—Sharpey’s fibres amongst the insterstitial lamellie of a transverse
“section of the human humerus ; the fibres Tun in a vertical direetion,
and surround spaces which contain the bone-cells, (Afier Kalliker, 1.)

Between these systems of concentric lamelle are the
wntermediate m'JmumJ [amelle ; they run in various
directions, and in reality fill the interstices between
the systems of the Haversian or concentric lamellze.
Near the external surface of long bones they have pre-
eminently a direction parallel to the surface. These are
the circumferential lamelle of Tomes and de Morgan.
The ground lamellw arve the earliest to be developed,
being the matrix of the first-formed spongy bone,
and they are the last to disappear where bone is
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melted down in the marrow cavity. The concentric
lamellz, on the other hand, are the last to be formed
where spongy bone is converted into compact bone,
and they are the first to become absorbed where com-
pact bone is reduced again to spongy bone, as near
the central marrow cavity, The lamellee of compact
bone are perforated by perpendicular petrified fibres,
the perforating fibres of Sharpey. They form a con-
tinuity with the fibres of the periosteum, from which
they are developed, through the lamellwe of osseous
substance deposited by the osteogenetic layer of the
periosteum (Fig. 514).

6G7. Spongy bone substance occurs in the end of
the shaft, in the apophyses, in short bones, and in the
diploé of flat bones. The cavities or meshes of the
spongy substance arve called Haversian spaces or can-
celly ; they intercommunicate with one another, and
are filled with marrow, which in the young and grow-
ing state is generally of the red variety. The firm
parts form spicules and septa, called bone trabecule,
of varying length and thickness, and are composed of
lamellz of bone substance,

According to the arrangement of the trabeculz,
the spongy substance is a uniform honeycombed sub-
stance, or appears longitudinally striated, as in the
end of the shaft. In the latter case the marrow
spaces are elongated and the trabecul® more or less
parallel, but anastomosing with one another by
transverse branches,

(2. Development of bone. Bone is developed
in the embryo, and continues to be formed also after
birth as long as bone grows, either in the cartilage
or, independently of this, directly from the osteo-
genetic layer of the periosteum. The former mode
is called endocliondral, or intracartilaginous ; the latter
periosteal, or intermembranons formation,

All the bones of the limbs and of the vertebral
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column, the sternum, and the ribs, and the bones
forming the base of the skull, are preformed in the
early Elll]}}.jD as solid hyaline cartilage, covered with

a membrane identical in structure and function with
the periosteum, which at a later period it represents.
This cartilage is eventually replaced by bone—
endochondral bone, The tegmental bones of the
skull, the bones of the face with the lower jaw,
except the angle, are not preformed as cartilage at
all. Only a membrane identical with the future
periosteum is present, and underneath and from it
the bone is gradually deposited—periosteal bone. The
same deusﬂt of ]JEI[GhtE&I bone takes place on all
bones, no matter what their origin, and this deposi-
tion of layer after layer of bone by the osteogenetic
layer of the periosteum vepresents the growth of the
bone in thickness.

69. Endochondral formation. The stage
next to the one (1) in which we have solid hyaline
cartilage covered with periosteum is the following :
(2) Starting from the *centre, or point, of ossifica-
tion,” and pmc{:emlm" in all dlr&ttluﬂs, the cartilage
hecomes permeated by numbers of channels (carhlaue
channels) containing prolongations (periosteal pro-
cesses of Virchow) of the osteogenetic layer of the
periosteum —i.e. vessels and osteoblasts, or marrow
cells. This is the stage of the vascularisation of the
cartilage. In the next stage (3) the cartilage border-
ing on these channels grows more transparent, the
lacunz becoming enlarged and the cartilage cells
more transparent. The latter gradually break down,
while the intercellular trabecule hecome calcified ;
the lacunw, by absorption of the calcified trabeculze,
fusing with the cartilage channels. These latter
thereby become transformed into irregular cavities,
which are bordered by trabecule of caleified cartilage.
The cavities are the primary marrow ecavities, and
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they ave filled with the primary or cartilage marrow

Fig. 52.—Longitudinal Section through the entire
Feetal Humerus of a Guinea-pig.

o, Periostenm ; b, hyaline cartilage of the epiphysis;
¢, intermediate cartilage at the end of the shaft:
o, zone of caleification ; e, periosteal hone, spongy ;
J, endochondral bone, spungy,

—1.2. blood-ves-
sels and  osteo-
blasts, derived,
as stated above,
from the osteo-
genetic layer of
the periosteum.
(4) The osteo-
blasts  arrange
themselves by
active multiph-
cationin aspecial
layer on the sur-
face of the ecalei-
fied cartilage
trabeculee  pro-
jecting into and
bordering the
primary marrow
cavities. The
osteoblasts  form
hone substance
osseous  matrix
and branched
bone corpuscles
—and as this
proceeds, the cal-
cified  cartilage
trabecule become
gradually e1i-
sheathed aned
covered with a
layer of osseous
substance. Thus
the original car-

tilage gradually assumes the appearance of a spongy
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substance, in which the cavities (primary marrow
cavities) are filled with the primary marrow, and
are of considerable size, while the trabeculw bor-
dering them are calcified cartilage covered with
layers of new bone. The marrow cells, or osteo-
blasts, continue to deposit bone substance on the
free surface of the trabeculwe, while the calcified
cartilage in the centre of the trabecule gradually
becomes absorbed.

70. The nearer to the centre of ossification, the
more advanced 1s the process—i.e. the more bone and
the less calcified cartilage is found constituting the
trabeculse, and the thicker the latter. At the “centre
of ossification,” 7.e. whence it started, the process is
tarthest advanced ; away from it, it is in an earlier
stage. At this period of embryo life, between the
centre of ossification and a point nearver to the ex-
tremity of the shaft of a long bone, all stages described
above may be met with—viz. between the solid
unaltered hyaline cartilage at the end of the shaft
and the spongy bone with the unabsorbed remains of
caleified cartilage in the middle of the shaft all
intermediate stages occur (Fig. 52).

71. After birth, and as long as bone grows, we
find in the end of the shaft, and also in the epiphysis,
a continuation of the process of endochondral forma-
tion described above. In fact, all bones preformed
in the embryo as cartilage grow in length before and
after birth by endochondral formation of new bone.
The hyaline cartilages at their extremities, the carti-
lage of the epiphysis, the intermediate cartilage at
the end of the shaft, are the cartilages at the expense
of which the new bone of the epiphysis and of the
end of the shaft respectively are formed by the marrow
(blood-vessels and marrow cells or osteoblasts) in
contact with the cartilage. As long as this cartilage
continues to grew, so long is there new formation of
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bone by the marrow encroaching on it, or, in other
words, so long is there growth in length of the shaft.
When at a certain period of adult life the growth
of the intermediate cartilage has come to an end, the
cartilage is completely replaced by the spongy bone

Fig. 53.—From a Transverse Section through the Tibia of Feetal Kitten.

a, Fibrous layer of the periosteum; b, osteogenetic layer of the periostenm ;
¢, perio=teal bone ; d, calcified cartilage not covered yet by bone ; below this
layer the trabecul® of calcified cartilage ecovered with plates of hone—
gbuﬂ-ﬂﬂﬂ Eijl:llfz-lg}in the fizure ; e, houndary between periosteal and endochondral

nel -
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of the end of the shaft, and this is not capable of
further lengthening.

72. Following the development of a tubular bone
after the above mentioned stage 4, we find that the
spongy hone once formed is not a permanent structure,

Fig. 5+.—From a Section through the Intermediate Cartilage of Femur of a
Fetus. Low magnifying power. (From a pholograph by Mr. A.
Pringle. )

a, Intermediate cartilage ; b, cartilage of the epiphysis; e, spongy bone of
epiphyzis; d, spongy bone at the end of the shaft.

but becomes gradually absorbed altogether, and this
process also starts from the points of ossification.
Thus a gradual enlargement and ultimate fusion of
the marrow cavities of the spongy endochondral bone
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into one continuous cavity takes place. This repre-
sents the rudiment of the future central marrow
cavity of the shaft. Simultaneously with, or some-
what previous to, this absorption of the endochondral
bone, new bone of the nature of spongy bone is
deposited divectly by the osteogenetic layer of the
periostewmn on the outer surface of the endochondral
hone. This also commences at the centre of ossifica-
tion, and proceeds from here gradually to further
points. This is the first rudiment of the periosteal
hone of the shaft (Figs. 52, 53). It is formed without
the intervention of cartilage divectly by the osteo-
blasts of the osteogenetic layer. And as fresh masses
of osteoblasts become developed by division, new
layers of spongy bone are formed by the change of
the former into bone matrix and bone cells, and the
old trabecul@e become increased in thickness. In the
meshes or Haversian spaces of this new spongy
periosteal bone the same tissue is to be found that
constitutes the osteogenetic layer of the periosteum,
the one being derived from, and continuous with, the
other.

In these Haversian spaces concentric lamelle of
bone substance become subsequently formed by the
osteoblasts, while at the same time the Haversian
spaces, being narrowed in by the deposit of the con-
centriec lamellw, are transformed into the Haversian
canals, The original spongy bone represents, there-
fore, the ground substance (primary,or ground lamellz),
in which, or rather in the spaces of which, the secondary
deposit of the concentric lamelle or Haversian
systems of bone lamellz takes place, by which deposit
the spongy bone becomes transformed into compact
bone. This process is farthest advanced in the
middle of the thickness of the shaft, and least near
the periosteum. When this compact bone is again
absorbed—e.g. that next the medullary cavity of the
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shaft of a long bone—the concentric lamellw are first
absorbed, the Ha- A

versian canal be-
ing in this way
widened out and
again transformed
mto a Haversian
space.

While, then,
the bone first de-
posited by the peri-
osteumm 1s of a
spongy character,
and gradually be-
comes transformed
into compact, the
reverse is going on
at the same time
near the marrow
cavity, inasmuch
as compact bone is
here changed into
spongy bone, and
this ultimately dis-
appears and be-

_HE?:-‘"' “.'-@j = ’-;.! i
T - — -l’ -
(o it

comes absorbed by 7

the marrow. Fig. 55.—From a Longitndinal Section of
i - Femur of Rabbit, through the part in
3. At' birth which the intermediate i:'l,.nzu’i:-ilagu. joins

all the primary en- the end of the shaft. (Atlas.)

a, Intermediate cartilage ; b, zone of calcified
dﬂch{md I’H.-l bﬂne cartilage ; ¢, zone in which the ealcified tra-

L 1 b becul® of cartilage become gradually in-
haﬁ H.IIEE_C]}F (IISEIP vested in osseous substance, shaded light in
peﬁred by E.bS[}I'pm the figure; the spaces between the trabe-
ti ¢ B ﬁ"mti l:,:mt'rllm m:n'rowﬁ and th% f:a]iilllﬂrf

s eent ilood-vessels are =een here to end in loops ;

lon from the centre d, in this zone there is more hone formed;

of the g}mftj and Lllill; greater amount the farther away from
this zone.

the bone present is
all of periosteal origin. At the extremity of the

shaft, however, the spongy bone is all endochondral
G
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bone, and it continues to grow into the interme-
diate cartilage as stated above, so long as the
bone grows as a whole (Fig. 55). Of course the
parts of this spongy bone nearest to the centre

Fig. 56.—Small mass of Bone Substance in the Periostemn of the Lower
Jaw of a Human Feetus. (Aflas.)

a, Osteozenetic layver of periosteam ; b, multinucleated giant cells, myeloplaxes.
The one in the middle of the upper margin is an osteoclast, whereas the
smaller one at the left npper corner appears concerned in the formation of
bone. Above ¢ the osteoblist cells become surrounded by osseous subsiance
and thus become converted into bone cells.

of the shaft are the oldest, and ultimately dis-

appear by absorption into the central medullary

cavity. In the epiphysis the spongy bone is also
endochondral bone, and its formation is connected
with the deep layer of the articular cartilage, but
more so with the hyaline cartilage separating the
epiphysial spongy bone from the intermediate carti-

lage (see ¢ of Fig. 54).

Underneath the periosteum and on the surface of
the spongy endochondral bone at the extremity of the

shaft, the periosteal bone is represented only by a
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thin layer, extending as far as the periosteum reaches
—e.¢. to the margin of the articular cartilage.
4 Inmtermembranous formation.  Al]
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o
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Fig. 57.—From a Longitudinal Section through the Spongy Bone of Shaft
near the intermediary ecartilage, of Fretal Kitten, showing the formation
of osseous substance on the caleified cartilage. (Atlas.)

@, Marrow space, with blood-vessel; b, ealcified cartilage, covered with isolated

or confluent zoues of new osseous substance, consisting o i
matrix, hone lacuna, and in it a bone cell, ' S o
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Fig. 58.—From a Longitudinal Section
of Femur of Rabbit, close to the
intermediate cartilage.

a, Caleified cartilage, next to theinter-
mediate cartilage ; b, calelfied carti-
lage covered with thin layer of
]]lIH.I:.' 3 Oy IMIATTOW E]JHEEE El!lllﬂll]lllg’
osteoblasts, forming bone on the
calcificd cartilage; 4, myeloplaxes
(chondroclasts).

bones not preformed in
the embryo as cartilage
are developed directly
from the osteogenetic
layer of the periosteum in
the manner of the peri-
osteal bone described on
p. 80. Here also the new
bone is at first spongy
bone, which in its deeper
or older layers gradually
becomes converted into
compact bone.

In allinstances during
embryonic life and after
birth the growth of a
bone 1in thickness takes
place after the manner of
periosteal or antermen-
brawnous bone ; this 1s at
first spongy, but is gra-
dually converted into
compact bone.

75. All osseous sub-
stance is formed in the
embryo and after birth by
the osteoblasts, or marrow
cells (Gegenbaur, Wal-
deyer): each osteoblast
giving origin to a zone
of osseous matrix, and re-
maining in the centre of
this as a nucleated pro-
toplasmic remnant, which
gradually becomes
branched and transformed
into a bone cell. The
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osseous matrix is at first a soft fibrillar tissue, but 1s
gradually and uniformly impregnated with lime salts.
This impregnation always starts from the centre of
ossification (Fig. 57).

76. Wherever in the embryo or adult, in health
or disease, absorption of calcified cartilage or of osseous
substance 1s going on, we meet with the multi-
nucleated large protoplasmic cells called the myelo-
plaxes of Robin. Koilliker showed them to be import-
ant for the absorption of bone matrix, and called
them therefore osteoclasts (Fig. 56). For cartilage they
may be called chondroclasts(Fig. 58). When concerned
in the absorption we find these myeloplaxes situated
in smaller or larger pits, which seem to have been
produced by them ; these absorption pits or lacunze on
the surface of bones arve called Howship's lacunce.
They invariably contain numbers of osteoclasts. 1t
can, however, be shown that myeloplaxes are also
concerned in the formation of bone by giving origin
to a number of new osseous zones with their bone
cells. In the earliest stages of development of the
fetal jaw this process is seen with great distinctness
(Fig. 56).

7. Dentine forms the chief part of a tooth. It
consists of a petrified matrix in which are numbers of
perpendicularly arranged canals—the dentinal tubes—
containing the dentinal fibres. 1t 1s in some respects
similar to bone, although differing from it in certain
essentials. It is similar inasmuch as it is developed
in like manner by some peculiarly transformed
embryonic connective tissue—viz. by the tissue of the
embryonic tooth papilla—and inasmuch as cells are
concerned in the production both of the petrified
matrix (impregnated with lime salts) and of the
processes of the cells contained in its canals—the
dentinal fibres. The details of structure and distri-
bution will be described in connection with the teeth.
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CHAPTER VIIL
NON-STRIPED MUSCULAR TISSUE.

78, Tuis tissue consists of nucleated cells, which,
unlike ameboid cells, are contractile in one definite
direction, becoming shorter and thicker during con-
traction.

The cells ave elongated, spindle-shaped, or band-like
(Fig. 59), and drawn out at each extremity into a
longer or shorter, generally single, but occasionally

Fig. 50,—Non-striped Musenlar Fibres, isolated. (Atlos.)

The cross-markings indicate carrugatliirﬁ;;:l’ the elastic sheath of the individual
branched, tapering process. Each cell includes an
oval nucleus, which is flattened if the cell it belongs
to is flattened. The cell substance is a pale, homo-
geneous-looking or longitudinally striated substance.

During extreme contraction the nucleus may be-
come more or less plicated, so that its outline becomes
wavy or zig-zag.

It has been shown by Klein in certain preparations
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—-¢.g. the non-striped muscle cells of the mesentery of
the newt—that each musecle cell consists of a delicate
elastic sheath, inside of which is a bundle of minute
fibrils which cause the longitudinal striation of the cell.
These fibrils are the contractile portion ; and they are
contractile towards the nucleus, with whose intra-
nuclear reticulum they are intimately connected.
When the cell is contracted its sheath becomes trans-
versely corrugated (Fig. 60).

79. The non-striped muscular cells are aggregated
into smaller or larger bundles by an mtemtltml ;'L“HJ_—

Fig. 60.—Non-striped Musenlar Cell of Mesentery of Newt., (Atlas.)

Showing several places where the muscular substance appears contracted,
thickened. At thes= places the corrugations of the sheath are marked,

minous homogeneous cement substance, the cells being
imbricated with their extremities. The bundles may
form a plexus, or they may be aggregated by fibrous
connective tissue into larger or smaller ¢ groups, and
these again into continuous masses or membranes. In
the muscular coat of the bladder of the frog, in the
choroidal portion of the ciliary muscle, in the arrector
pili, in the muscular tissue of the serotum, very well
marked plexuses of bundles of non-striped muscular
cells may be met with. In the muscularis mueosze of the
stomach and intestines, in the outer muscular coat of
the same organs, in the uterus, bladder, etc., occur
continuous membranes of non-striped musecular tissue.

When the muscular cells form larger bundles they
are more or less pressed against one another, and
therefore in a cross-section appear of a polygonal
outline,

80. Non-striped muscular tissue is found in the
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following places : In the muscularis mucose of the
esophagus, stomach, small and large intestine ; in the
outer muscular coat of the lower two-thirds or half
of the human wsophagus ; in that of the stomach, small
and large intestine ; in the tissue of the pelvis and
outer capsule of the kidney : in the muscular coat of

Figz. 61.-From a Transverse
Section throngh Bundles
of Non-striped Muscular
Tissue of the Intestine,

The muscular eells being

the ureter, bladder, and urethra ;
in the tubules of the epididymis,
in the vas deferens, vesicule
seminalis and prostate; in the
corpora cavernosa and spongiosa ;
in the tissue of the ovary and in
the broad ligament ; in the mus-
cular coat of the oviduct, the
uterus and vagina ; in the pos-
terior part of the wall of the
trachea ; in the large and small
bronehi, in the alveolar duects

and infundibula of the lung ; in
the pleura pulmonalis (guinea-
pig); in the peritoneum of the
frog and newt, in the upper part
of the upper eyelid, and 1n the
fissura orbitalis; in the sphincter and dilator
pupillze;, and the ciliary musecle; in the capsule
and trabeculw of the spleen, and the trabecule of
some of the lymphatic glands; in the arrectores
pilorum, and sweat glands of the skin, the tunica
dartos of the scrotum ; in the tissne of the nipple of
the breast ; in the large ducts of the salivary and
pancreatic glands ; and in the muscular coat of the
gall bladder, the hepatic and eystic duct. The aorta
and the arteries have a large amount of non-striped
muscular tissue, the veins and lymphatics less.

81. As regards length, the muscular cells vary
within considerable limits (from .} to 0-5 millimeter),
those of the intestine, stomach, respiratory, urinary,

gpindle-shaped are cut ac
varions heights ; the large
corpnscles of the fizure
correspond to the middle,
the =mall ones to the ex-
tremitiez of the munscle
cellz, (Atlas.)
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and genital organs being very long as compared with
those of the blood-vessels, which are sometimes only
twice or thrice as long as they are broad, and at the
same time branched at their extremities,

Non-striped muscular tissue is richly supplied with
blood-vessels, the capillaries forming oblong meshes,
though their number is not so great as in striped
muscle. The nerves of non-striped muscle are all
derived from the sympathetic ; their distribution and
termination will be described in a future chapter
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CHAPTER 1IX.
STRIPED MUSCULAR TISSUE.

) r % = - =
82, Tue striped muscular tissue is composed of
long eylindrical fibres, some measuring in length as

Fig, 62.—8triped Musenlar Fibres of the Tongue of a Guinea-pig, of which
the blood-vessels have been injected with carmine gelatine. Owing to
the contracted state of the museular fibres the capillaries are much
twisted and wavy ; in several places the ** safety receptacles ™ are well
shown. (From a microphoto, , moderately magnified,)

much as 11-2 inches, others are much shorter ; their

thickness varies between L, to 55, of an inch. The
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fibres are regularly transversely striated, and are
therefore called the striped or striated muscular fibres
By fibrous connective tissue they are grouped together
so as to form larger or smaller bundles ﬂmﬂr"m’m
Sasciculi ; the connective tissue surrounding the
bundles is called the perimysium ; while the delicate
connective tissue pnﬁmn” from the perimysium into
the bundle, and m?lﬂm,tmrr the individual muscular
fibres fmm one another, is called the endomysium.
The perimysium is the carrier of the larger vascular
and nervous branches, while the endomysium contains
the capillaries and the terminal nerves. The capil-
laries form very rich networks with elongated meshes,
and are always situated between the individual
muscle fibres. The capillaries and veins appear very
wavy and twisted in the contracted bundles, and
straighter in the uncontracted bundles (Fig. 62). The
small vessels are provided here and there with peculiar
saccular dilatations, which act as a sort of safety
receptacle for the blood when, during a sudden
intense contraction, it is pressed out from some of
the capillaries.

83. Each muscular fibre during contraction be-
comes shorter and thicker. In the living uninjured
muscular fibres, spontaneously or after the application
of a stimulus, a contraction starts at one point and
passes over the whole muscular fibre like a wave—
contraction wave—the progress of which is noticeable
by the thickening rapidly shifting along the fibre, the
part behind resuming its previous diameter.

84. A striped muscular fibre consists of (1) a
delicate hyaline elastic sheath, the sarcolemima, and
(2) the museular contents. Tt is the structure of the
latter which has given origin to a variety of theories,
owing to optical .difficulties in examining fresh and
living fibres, and owing to the varied changes 1t 1s
liable to undergo when acted upon by many reagents.
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In the following we shall adopt the view enunciated
by Rollett during recent years; we think that his
conclusions are based on extensive observations and
study of muscular fibres in vertebrates and inverte-
brates under the best conditions, and his conclusions
harmonise best with the classical observations of
Bowman, Briicke, Cohnheim, and Engelmann, and

with observations which can

9393299 1””"?_5_1::? be verified by careful study
?‘ C Tt of fresh muscular fibres.

};ii--i'i'i:iiii‘ii;‘ﬁﬁff ha: The {:m.]_iient-ﬂ nf' a mus-
feriintadpntirsingsh”  cular fibre consist of two prin-
Uik e i,‘g cipal parts (Figs. 63, 64): (a)
}ﬂuiff?ﬁﬁfﬂégﬁ the jibrille, or rhabdia of
P } Kiihne ; and (b) the sarco-
4444 ‘ 341 plasm or interfibrillar sub-
I:*: o stance, a hyaline or faintly
Gl 4 granular substance, having
} ?, resemblances to protoplasm,
L Ficha and acting as the matrix for
oe Hataah%@ﬂdiuu the fibrill:e. The fibrillee ex-

Fig. 63.—Part of a Musenlar tend in a longitudinal direc-
bibre o Geotrpes v ion parallel to the long axis
sition of fibrille. (Rollett.)  of the muscular fibre, and they

1 Intermediate disc (Krauses  are grouped together into
ments. bands, strands, or tubes, called

the muscle colwmns ; the latter
are aggregated into larger groups. The sarco-
plasm Tills up all interstices between the groups of
the muscle columns, between the columns of each
group, and between the fibrille of each column. The
amount of sarcoplasm between the groups of columns
is generally greater than between the columns of each
group. ]Jm-mcr growth and regeneration of mus-
cular fibres in tlle adult the cullectmm of nucleated
sarcoplasm on the surface --i.c. underneath the sarco-

lemma—become conspicuously increased in vertebrate
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muscular fibres, both in number and size ; and they arve
the material from which muscular fibrillze are formed.

Special collections of nucleated
sarcoplasm are found at the
termination of the motor nerve
fibre in the muscular fibre (see
below).

On observing a cross section
through fresh or well-preserved
muscular fibres, the sarcoplasm
is seen as transparent lines sub-
dividing the muscular contents,
which appear dim like ground
glass, into small more or less
polyhedral areas, the areas of
Cohnheim. These areas are the
cross-sections of the muscular
columns, and are therefore made
up of a number of granules,
the optical cross-sections of the
constituent fibrillee. The mus-
cular columns appear aggre-
gated by larger accumulations
of sarcoplasm into larger or
smaller groups; and between
the groups the sarcoplasm is
again greater than between the
fibrillee of each column, and in
this respect there exists the
greatest variety between the
different animals. In the per-
tectly fresh condition the
amount of sarcoplasm between
the fibrille of a column is
In  some cases insignificant,

Fig. 64.—Muscular Fibre,
stained with hmematoxy-
lin, of Staphylinus cesa-
reus, (Hollelt.)

I, Intermediate dizc (Krause's
membrane or Dobie's
L‘I{EI’} : L, secondary disc
(placed within the lateral
disc or Flogel's layer);
T, tranverse disc (sarcous
elements); X, nucleus of
muscle corpuscle.

and almost appears absent from place to place.
The sarcoplasm shows also other differences of
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distribution ; in the muscular fibres of many insects
it generally forms a cylindrical accumulation in the
centre of the muscular fibres; containing spherical
nuclei ; from it thinner septa pass between the groups
of muscular columns. In vertebrate muscular fibres
the sarcoplasm forms small plate-like or angular col-
lections on the surface of the muscular contents—i.e.
immediately under the sarcolemma. These collections
include spherical, or more generally oval, nuclei, and
are called the wmusecle corpuseles. The whole sarco-
plasm must be considered as a sort of protoplasmie
basis, and the muscle corpuscles as the nucleated accu-
mulations of it.

86. Each fibrilla shows along the whole length of
the muscular fibre regular alterations, as regards both
aspect and thickness of its substance, and accordingly
«an be considered as consisting of different portions
following each other endwise, and repeating them-
selves uniformly and in rvegular manner throughout
the whole length and thickness of the muscular fibre.
These portions are the sarcous elements of Bowman,
dim, homogeneous rods or prisms forming the chief
parts ; between each two successive sarcous elements
of the same fibrilla, at equal distance, is a dark granule,
sometimes double, to which the end of each sarcous
element is joined by a thin bridge. In the fresh state
the sarcous elements are prisms, and those of con-
tiguous fibrillee, almost touch each other at their sides,
so that little or no sarcoplasm intervenes between
them here; but when the sarcous elements shrink
—e.q. after death or after hardening reagents, or
sometimes even during life and during contraction—
they are more or less hourglass-shaped, and are
separated by thin layers of sarcoplasm from those
of contiguous fibrillee,  The bridge by which each end
of a sarcous element is joined to the granule being
much thinner than the latter, there is more sarco-
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plasm present in the layer containing the bridge;
and since the sarcoplasm is more tlfuhp‘uvnt tlmn
either the sarcous elements or the granules of the
fibrillee,  the
muscular fibre

as a  whole (HI! il ”IHHIIIH) ===
shows a con- T m}
spicuous BN IS

transparent ! l s ——c

layer or disc il ) ——

between each Ifl n T e

layer of the ——

dark granules “l il

and each layer

of the sarcous -

elements. This I ” .
causes the '“'i ikl

transverse
striation. The ““1“””” l
A

layer of the
dark granules

S Fig. 65.—Striped Musecular Fibres of the Water
E?I = EPD sto Beetle (Hydrophilus)., (Atlas,)
the me ”f @, Sarcolemma; b, Krause's membrane, The sarcous

), - elements are well seen. In A the oblong nuelei of
l?ﬂﬁtﬁ-’ 01 t'&ﬁ the muscle corpuscles are Hllllm'-n 1“;' B Hli sarco-
lemma has become nnnaturally ralsed from the mus=
31’”’6 qu:-*ilEﬂt, cular contents. The contractile discs are well
or t_fw anter- shiown : 20 also are the sarcons elements.,
mediate discof

Engelmann, ov the membrane of Krause.  The
layer or disc of sarcoplasm in which the bridges
are placed, which join the sarcous elements to
the granules of the intermediate disc, is the lateral
dise. The layer or disc of sarcous elements corre-
sponds to the transverse dise. In many muscular
fibres of insects, notably in those of the crab (Ruther-
ford), there occurs in each fibrilla within the lateral
disc a short rod-like thickening midway between the
sarcous element and the dark granule; the layer or
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disc of these rods or granules forms
the secondary disc, or the layer of
Flogel.

87. A typical muscular fibre shows
then, owing to the differentiation of
each fibrilla into the above portions,
the following layers in regular
alternation throughout the thickness
of the fibre: (1) Zhe dark inter-
mediate dise, Dobie’'s line, or Krawuse's
membrane ;  (2)  the transparent
lateral disc ; (3) the dimm transverse
disc of sarcous elements. Then fol-
lows another transparent lateral dise,
and then again the intermediate
disc.

As stated above, in some fibres
the line of Dobie is a double row
of granules, and the transparent
lateral disc contains a line of granules,
Fligel's layer.

The intermediate dise appears to
be intimately connected with the
sarcolemma ; hence Krause gave it
the name of a membrane. When a
muscular fibre contracts during life,
or when it shrinks after death, the
sarcolemma shows regular bulgings
between each two Krause’s mem-
branes; at these latter the sarco-

Fig. 66.—Three Fibrille of Crab’s Muscle, showing
the successive stages from complete relaxation
(r) to complete contraction (f). (From Ruther-
Jord’s ' structure and Condraction of Striped
Muscular Fibre,”)

b—b10, The various appearances of the sarcous ele-
ments; d—d 9, the appearances of Dobie’s granules ;
Jf, Fligel's granulez; ¢, clear layver (lateral disc)
between Fligel's granules and end of sarcous
elements.
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lemma is drawn in, The part of a muscular fibre
between two neighbouring Krause's membranes and
the corresponding portion of the sarcolemma is

Fig. 67,—Semi-schematic representation of portions of Fibrils of Cral’s
Muscle, showing the appearances of the fibrillar segments in the
several stages from complete relaxation at A to complete contraction
at ¥.  (After Rutherford.)

A—b, Bowman's sarcous elements; i, intermediate dises, comprising d, granules
of Dobie ; f, granules of Fligel ; ¢, clear layer between it and end of sarcous
element (lateral disc). B, First stage of contraction; the clear layer ba-
tween Dobie's grannles and Fligel's granules on the one side. and Fligel's
granules and the end of the sarcous elements has disappeared. F, complete
contraction, showing sarcous elements completely shortened : accumulation

of chromatic substance at the ends, leaving the intervening shaft clear—
Hensen's median di=e.

H
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spoken of as a muscular compartment of Krause
(See Fig. 69, A).

The lateral dise contains in some muscular fibres
(see above) a layer of granules or rods, the secondary
dise, or Fliogel's layer ; but each of these granules or

rods is joined to a granule of the
3 intermediate dise, or Dobie’s
% layer, on the one hand, and to
‘_ the end of a sarcous element on
v the other ; so that in reality it is
\ “ ‘ a thickening of the bridges con-
‘ necting the ends of a sarcous
element to the granule of the

i intermediate dise.
' The transverse dise, or the
\ laver of sarcous elements, shows
v in muscular fibres during con-
traction (see below) or after
hardening, or after treatment
\' with reagents, a median trans-
\ verse transparency, due to the
\“ substance of the sarcous ele-
s ments being here thinner, as
“\ mentioned above, This corre-
¥io. AR Priinitive Mus- sponds to the median dise of
cular Fibrile from the Hensen. Rutherford, however,
?ﬂ,ﬂ:;‘;fiﬂl (T pointed out that this appear-
ance is due to the stainable or
chromatic substance of each sarcous element accumu-

lating at the ends (Figs. 66 and 67).

In musecular fibres treated with aleohol, the con-
nection between the sarcous elements and the rest of
the fibrillee is not recognisable ; hence the muscular
fibre seems split up into discs, apparently not con-
nected with one another (see Fig. 65).

The reticulation described by Melland, Marshall,
and others is due to coagulation of the sarcoplasma
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brought about by certain hardening reagents; the
sarcoplasma between the granules of the layer of
Dobie or Krause would thus form a veticulated disc
extending transversely across the muscular fibre, and
to it are joined lines of coagulated sarcoplasma ex-
tending longitudinally between the sarcous elements
of the fibrillze (Fig. 69).

88. During contraction the transverse striation of
the fibre becomes much narrower, the different dises
becoming thinner in the
long, broader in the trans-
verse direction of the fibre,
In the naturally contracted
portion of a muscular fibre
—1.e. at the point of the
passage of the contraction
wave—the stripes alter their
character, inasmuch as at
the end of the transverse
and lateral discs the fibres
become darker, while the ,
middle of the dises of sarcous Fig. 69, —Striped Muscular Fibres

. in Cross-section. (Altas.)
ments becomes lichter,
E]E = ts E £3 = Each fibre i= limited by the sarco-

Whether the former G]tﬂﬂg& lemma ; the muscular substance
" 2 : is differentiated into Cohnheim's
—.e. of the lateral dises— areas.

is due to compression, while

the latter—z.e. of the sarcous elements —is due to an
imbibition with water squeezed out of the sarcoplasma
in the lateral discs, as is maintained by Engelmann,
has not been fully established. Rutherford, on the
other hand, points out, what appears a good explana
tion of this phenomenml—n; of the so-called re-
versal of the stripes during contraction—that during
contraction the chromatic substance of the sarcous
elements, together with Fligel's granules and Dobie’s
gmnules, forms one shortened ma ss: hence the darkness

52 of these portions in each fibr illa. We reproduce
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here from Rutherford drawings illustrating these
points (Figs. 66 and 67).

Rollett considers, with Briicke, Kolliker, Engel-
mann, and many -::-t‘nera. that the fibrille are the
contractile parts; while Kithne, Ramon y Cajal, and
others, are inclined to think that the &a.rcoplasma—
which Kiihne calls sarcoglia-—is the contractile part,
while the fibrille—i.e. the rhabdia of Kiihne—or
rather the sarcous elements, are elastic elements.

The differentiation into intermediate, lateral, and
transverse discs, possessing the above-named different
structure and optical properties, produces the trans-
verse striation of the muscular fibres; but it must
be also added that a fibre, though homogeneous but
moniliform (by shrinking or naturally so), would
show a transverse striation (Haycraft).

89. In the embryo the muscular fibres are
developed from spuu]le shaped nucleated cells (Remak,
Weissmann, Kolliker). One spindle-shaped cell with

Fig T0.—Striped Muscular Fibre of the Diaphragm of a
Guinea-pig. (Atlas.)

The muscle corpuscles are much inereased in size and numbers; they are
prabably used here for the new formation of muscular substance.

an oval nucleus grows rapidly in length and thickness,
its nucleus divides repeatedly, and the offspring
become shifted from one another as the cell continues
to grow in length. Thus a long a.pmdle-slmped mass
of aarcup]aanm, with numerous nuclei, is the result.
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This sarcoplasma in the middle of the cell becomes
converted into fibrillee, and this formation continues,
while the sarcoplasma as a whole increases. The
muscle corpuscles of the adult fibres are remains of
this sarcoplasma (Fig. 70).

At all times in adult life, when muscular fibres
increase in thickness, as, for instance, when muscle
is kept at constant work, this increase is due to
increase of sarcoplasma, and part-conversion of this
into fibrillse.

Paneth described in fishes, amphibia, birds, and
mammals a mode of new formation of muscular
fibves which supplements the one above described.
Wihile in the embryo the first muscular fibres develop
from spindle-shaped cells in the manner stated above,
muscular fibres are also newly formed from spherical
or oval cells—sarcoplasts ; in the interior of these
cells, the protoplasm is converted into contractile
substance, which is capable of enlarging and elon-
gating, and becoming converted into striped muscular
fibres,  According to Kolliker and Weissmann,
muscle fibres divide longitudinally also, so that one
fibre is capable of giving origin to a bundle of thin
fibres each of which continues to increase in thickness
(see muscle spindles below).

90. The striped muscular fibres, taken as a whole,
are, as a rule, spindle-shaped, becoming gradually
thinner towards their ends. They are branched in
some exceptional cases—e.g. in the tongue ; here the
extremities of the muscular fibres, passing into the
mucous membrane, become richly branched previous
to their termination amongst the connective-tissue
fibres of the mucosa.

91. Muscular fibres terminate in tendons, either
by the whole fibre passing into a bundle of connective-
tissue fibrils (Fig. 71), or by the fibre ending abruptly

- with a blunt, conical end, and becoming here fixed to
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a bundle of connective-tissue fibrils, The individual
fibres have only, as has been mentioned above, a
limited length; so that, following an anatomical bundle
from one end to the cther, we find at many points

Fig. 71. — Two
Striped Mus-
enlar  Fibres
passing into
Bundles of Fi-
brous Tissue.
{ Handbool. )

(Termination in
Tendon.)

along the fasciculus some muscle tibres
terminating, others originating. This
takes place in the following way : the
contents of a fibre suddenly terminate,
while the sarcolemma, as a fine thread,
becomes interwoven with the fine con-
nective tissue between the muscular
fibres. Many muscles contain peculiar
spindle-shaped enlargements ; these are
the muscle buds of Kolliker or the
muscle spindles of Kithne ; each spindle
is a bundle of fine striped muscular
fibres formed by length division of a
mother fibre, and enclosed within a
thickened connective - tissue sheath,
which sheath is continuous with the
laminated connective - tissue sheath
(Henle's sheath) of nerve fibres—in
tact, the spindles occur at the entrance
of certain nerves into the musele bundle
(see nerve endings).

92. The striped muscular fibres of
the heart (auricles and ventricles) and
of the cardiac ends of the large veins
(the pulmonary veins included) differ
from other striped muscular fibres in
the following respects:—(1) They
possess no distinet sarcolemma. (2)

Their muscle corpuscles are in the centre of the
fibres, and more numerous than in ordinary fibres.
(3) They are very richly branched, each fibre giving
off all along its course short branches, or continually
dividing into smaller fibres and forming a close
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network (Fig. 72). A transverse section through a
bundle of such fibres shows, therefore, their cross-
sections irregular in shape and size. (4) Each nucleus
of a muscle corpuscle occupies the centre of one
prismatic portion ; each fibre and its branches thus
appear composed of a single row of such prismatic
portions, and they seem separated from one another——
at any rate in an
early stage—by a
septum of a trans-
parent substance.
93. Some mus-
cular  fibres are
either  markedly
pale or markedly
red (Ranvier); in
the former (e.g.
quadratus  lumbo-
rum, or adductor
magnus femoris of
rabbit) the trans-
verse striation 1s
more distinet, and
the muscular cor-
puscles less nume-
rous, than in the Fig. 72.—Striped Muscular Fibres of the

i Heart.
]&ttBI‘ (g_y_ Seml- A, Showing the branching of the fibres and their

{endinosns of rabhit,  gasatomonls i usnocks; 3 part f s (i
 phragm). Here Lomesnimine fbilie: o oubl pimisiis
the longitudinal
striation appears very distinct, but these differences
are not constant in the same fibres of other animals
or of man (E. Meyer). '

94. Briicke has shown that striped muscular
fibres are doubly refractive, or anisotropous, like
uniaxial positive crystals (rock crystal), the optical

axis coinciding with the long axis of the fibres. The
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sarcoplasma 1s isotropous, the fibrillee alone being
anisotropous ; of these the sarcous elements were the
first recognised by Briicke to be doubly refractive.
They are, however, not the ultimate optical elements,
but must be considered as composed of disdiaclasts,
the real doubly refractive elements (Briicke).
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CHAPTER X.

THE

HEART AND BLOOD-VESSELS.

95. (o) Tue heart consists of an outer serous
covering, the wvisceral pericardiuwm or erocard, an
inner lining, the endocardium, and between the two

the muscular sub-
stance (Fig. 73).
Underneath the

pericardium is a
thin layer of con-
nective tissue called
the subpericardial
tissue.

The free surface
of both the peri-
cardium and endo-
cardium has an en-
dothelial covering,
like other serous
membranes—i.e. a
single layer of trans-
parent nucleated cell
plates of a more or
less polygonal or
irregular shape, The
groundwork of these
two membranes 1is
fibrous connective
tissue, forming a

p RS § NG :
?ﬁﬁ?@%{’?gﬁ
5% Vo noh B8]

Fig. 73.—Transverse Section through the
Auricle of the Heart of a Child.

¢, Endothelium lining the endocardium ; b, en-
docardium ; ¢, muscular bundies eut trans-
versely ; d, muscular bundles cut longitudi-
nally ; e, pericardial covering ; f,endothelinm.

dense texture, and in addition there are many elastic

fibres arranged as networks.

Capillary blood-vessels,
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Iymphatic vessels and small branches of nerve fibres
are met with in the pericardial layer. The sub-
pericardial tissue consists of trabecule of fibrous
connective tissue, which are continuous with the
intermuscular connective tissue of the muscular wall
of the Leart, The former contains in many places
groups ot fat cells.

96. On the free surface of the papillary muscles,
in some parts of the surface of the trabeculz carnew,
and at the insertion of the valves, the endocardinum is
thickened by tendinous connective tissue. Each valve
is covered with a prolongation of the endocard, but
the main body of the valve is dense fibrous connective
tissue ; on the surface of this connective-tissue matrix
is a somewhat looser connective tissue, contalning
also a few elastic fibres.

All the cordse tendinewe and the valves are of course
covered on their free surfaces with endothelinm,

Special tracts of muscle fibres occur in the sub-
endocardial tissue.

The fibres of Purkinje are peculiar beaded fibres
occurring in the subendocardial tissue in some mam-
mals—e.g. the sheep and the horse—and birds (not in
man). They are thin, transversely striped, muscular
iibres possessed of local thickenings; the central part
of each thickening is a continuous mass of protoplasm,
with nuclei at regular intervals, as is the case with
some skeletal muscular fibres of 1insects. These
headed fibres of Purkinje must not be confused with
the musele spindles of Kihne,

97. The muscular fibres forming the proper wall
of the heart, the structure of which has been deseribed
in the previous chapter, are grouped in bundles
separated by vascular fibrous connective tissue. In
the ventricles the bundles are aggregated into more
or less distinct lamellwe,

Like other striped muscular fibres, those of the
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wall of the heart ave vichly supplied with blood-vessels
aud lymphatics. The endocardium and valves have
no blood-vessels of their own, but the pericardium
possesses 1ts own
system of blood-
vessels.

The lympha-
tics form a peri-
cardial and an
endocardial net-
work connected
with the Ilym-
phatics of the
muscular tissue
of the heart ; here
there are lym-
phatic clefts be-
tween the mus-
cular  bundles,

and also net- =t “’P\;ﬂ Igf*—-fi'%xw,@t?*t?,;i_ e
wm'k - Df tul tlia.p SRR e B N T
e )

Fiz. 74.—From a Transverse Section through
the Inferior Meseuteric Artery of the Pig.

98'- TI!]E nerve ¢, Endothelial lining ; 1. p];{ﬁbi(‘.rilltima; ni, muscular
branches of the B! cubin’transverse secolon. Chttamy
plexus cardiacus
form rich plexuses. In connection with some of them
are found numerous collections of ganglion cells or
ganglia. These are very numerous in the nerve
plexus of the auricular septum of the frog's heart
(Ludwig, Bidder), and in the auriculo-ventricular
septum of the frog (Dogiel). In man and mammals
numerous ganglia are found on the auricular nerve
branches, chiefly at the point of junction of the large
veins with the heart, Remak’s ganglia, and at the
boundary between the auricles and the ventricles,
Bidder’s ganglia,

990. (B) The arteries (F1g. T4) consist of : (a)an

lymphatics.
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endothelial layer lining the lumen of the vessel ; (6) an
tntuma, consisting of elastic tissue ; (¢) a media, con-
taining a large proportion of non-striped muscular cells
arranged chiefly in a transverse, i.e. circular manner ;
and (d) an adventitia composed chiefly of fibrous

Fig. 75.—Transverse Section through
a Microscopic Artery and Vein
the Epiglottis of a Child. (Atlas.)

A, The artery, showing the nucleated en-
dothelinm, the ecircular muscular
media, and at a the fibrous-tissue ad-
ventitia; v, the vein, showing the
same layers; the media is very much
thinner than in the artery.

connective tissue, with
an admixture of net-
works of elastic fibres.

(a) The endothelinm
1s a continuous single
layer of flattened elon-
gated cell plates.

(h) The intima in
the aorta and large
arteries 1s a very com-
plex structure, consist-
ing of an innermost
layer of fibrous connec-
tive tissue, which is the
“inner longitudinal

Sibrous layer” of Re-

mak, outside of which
is a more or less longi-
tudinally arranged elas-
tic membrane. This is
laminated, and com-
posed of fenestrated
elastic — membranes of
Henle, (See page 61.)
The larger the artery
the thicker the intima.
In microscopic arteries
the intima is a thin

fenestrated membrane, the fibres having distinetly a

longitudinal arrangement.

(¢) The media is the chief layer of the wall of the
arteries (Fig. 75). It consists of transversely arranged
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elastic lamelle (fenestrated membranes and networks
of elastic fibres), and between them\ sMaller or lareer
bundles of circularly arranged muscular cells, The
Jarger the artery the more elastic tissue is there
present in the media, the smaller the artery the more
muscular tissue. In microscopic branches of arteries
the media consists almost entirely of circular non-
striped muscle cells with only few elastic fibres.

100. In the last branches of the microscopic
arteries the muscular media becomes discontinuous,
inasmuch as the (circular) muscular cells are arranged
not as a continuous membrane, but as groups of small
cells (in a single layer) in a more or less alternate
fashion.

When the media contracts, the intima is thrown
into longitudinal folds.

The aorta has, in the innermost and in the outer-
most parts of the media, numbers of longitudinal
and oblique muscle cells, According to Bardeleben,
all large and middle-sized arteries have an inner
longitudinal muscular coat.

101. Between the media and the next outer layer
there is, in larger and middle-sized arteries, a special
elastic membrane, the elastica externa of Henle,
(d) The adventitia is a relatively thin fibrous con-
nective-tissue membrane. In large and middle-sized
arteries there are numbers of elastic fibres present,
especially in the part next to the media ; they
form networks, and have chiefly a longitudinal
direction.

The larger the artery the more insignificant is
the adventitia as compared with the thickness of
the media.

In microscopic arteries (Fig. 76) the adventitia
is represented by thin bundles of fibrous connective
tissue and branched connective-tissue cells.

Large and middle-sized arteries possess their own
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system of blood-vessels (vasa vasorum), situated
chiefly in the adventitia and media; lymphatic
vessels and lymphatic clefts are also present in
these coats.

102, (c¢) The weims differ from the arteries in
the greater thinness of their wall. The
intima and media are similar to those
of arteries, only thinner, both abso-
lutely and relatively. The media con-
tains in most veins circularly arranged
muscular fibres; they form a continu-
ous layer, as in the arteries, and there
is between them generally more fibrous
connective tissue than elastic. The
adventitia is usually the thickest coat,
and it consists chiefly of fibrous con-
nective tissue (Fig. 75). The smallest
veins—i.c. before passing into the
capillaries—are composed of a lining
endothelium, and outside this are de-
licate bundles of connective tissue
Fig. 76.—Minute forminge an adventitia. The valves

Miecroscopic Ar- . et i 0
tery, (Atias) Of the veins are folds, consisting of the
e. Endotbelium; i, endothelium lining the surface, of the

intima ; m, mMuUs- s N >

cularmediacom- whole intima, and of part of the mus-
posed of a sipgle 2

layer of circu- cular media.

larly - arranged

i
L
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non-striped mus- 103. There are many veins that
cular cells ; a, ad- -
ventitia. have no muscular fibres at all—e.g.

vena jugularis (interna and externa),
the vena subclavia, the veins of the bones and retina,
and of the membranes of the brain and cord. Those
of the gravid uterus have only longitudinal muscular
fibres. The vena cava, azygos, hepatica, spermatica
interna, renalis and axillaris, possess an inner circular
and an outer longitudinal coat. The vena iliaca,
cruralis, poplitea, mesenterica, and umbilicalis possess
an inner and outer longitudinal and a middle circular
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muscular coat. The intima of the venwe pulmonales
in man 1s connective tissue containing circular bundles
of non-striped muscular cells (Stieda).

104. The trunk of the venm pulmonales and
vende cavie possesses striped muscular fibres, these
being continuations of the muscular tissue of the
auricles,

105. Hoyer showed that a direct communication
exists between arteries and veins without the inter-
vention of capillaries matrix of the nail,
in the tip of the nose and tail of some mammals, in
the tip of the fingers and toes of man, in the margin
of the ear lobe of Ll{'i“' and cat and ‘.Ir'l,bljlt

In the cavernous tissue of the genital organs
veins form large irregular sinuses, the wall of
which is formed by fibrous and non-striped muscular
tissue.

106. (D) The {‘:ﬂllillﬂl‘}" blood-vessels e
minute tubes of about , s 10 555 of an inch in
diameter. Their wall is @ single layer of transparent
elongated endothelial plates, united by thin lines of
cement substance (Fig. 77). Each cell has an oval
nucleus ; in fact, the wall of the capillaries is merely
a continuation of the endothelial membrane lining
the arteries and veins,

In some places the capillaries possess a special
adventitia made up of branched nucleated connective-
tissue cells (hyaloidea of frog, choroidea of mammals),
or of an endothelial membrane (pia mater of brain
and cord, retina and serous membranes), or of adenoid
reticulum (lymphatic glands, His).

The smallest capillaries are found in the central
nervous system, the largest in the marrow of bone,
The capillaries form networks, the richness and
arrangement of which vary in the different organs,
according to the nature and arrangement of the
elements of the tissue (Fig. 78).




112 ELEMENTS oF HistorLocy.

107. If capillaries are abnormally distended, as
in inflammation, or otherwise injured, the cement

Fig. 77.- From a Preparation of the Peritonenm, stained with
Nitrate of Silver, (Hendbook.)

a, Endothelinm on the free sarface of the membrane ; b, capillary blood vessels
in the membrane ; their wall is a layer of endothelinm.

Fiz. 78.—Young Fat Tissue of the Omentum, its Blood-vessels injected.
a, Artery ; b, vein ; ¢, network of capillaries, (Handbook.)

substance between the endothelial plates is liable to
give way in the shape of minute holes, or stigmata,
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which may become larger holes, or stomata. The passage
of red blood corpuscles (diapzdesis) and the migration
of white corpuscles in inflammation through the un-
broken capillaries and small veins oceur through
these stigmata and stomata.

103, Young and growing capillaries, hoth
of normal and pathological tissues, possess soled thread-
like shorter or longer nucleated protoplasinic processes
(Fig. 79), into which the canal of the capillary is

Fig. 79. =From a Preparation of Omentum of Rabbit, after staining with
Nitrate of Silver. (Atlas.)

¥, Minute vein ; a, solid protoplasmic prolongations of the wall of a capillary,
connected with connective-1issne corpuscles ; ¢, solid young bud

gradually prolonged, so that the thread becomes con-
verted into a new capillary branch. Such growing
capiliaries are capable of contraction (Stricker).

All blood-vessels, arteries, veins, and capillaries,
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m their early stages, both in embryonal and adult
life, are of the nature of minute tubes, the wall of
which consists of a simple endothelial membrane. In
the case of the vessel becoming an artery or vein,
cells are added to the outside of the endothelinm,
thus forming the material for the development of
the elastic, muscular, and fibrous connective-tissue
elements of the wall.

109. In the first stage, both in the embryo and
in the adult, the vessel is represented by solid nucle-
ated protoplasmic cells, spherical, elongated, spindle-
shaped, or bran-
ched — wasofor-
mative cells.
Such  cells may
be isolated and
independent  of
any pre-existing
vessel, or they
may be solid
protoplasmie
outgrowths  of
the endothelial
wall of existing
capillary vessels
(Fig. 80). In
both cases they
become hollowed
. out by a process
Fig. 80,.—Developing Capillary Blood-vessels from of \‘H.Cllﬂliltriﬂll;

_ the 'l:;ﬂl u_t' Tadpole. {.-lf_h;s.; isolated vacuoles
v, Capillary vein with clomps of pigment in the - .

wall ; a, nucleated protoplasmic sproug ; I, solid El-l]pﬂﬂ.’[' at h[‘St,
anastomosis between two neighbouring capil- )

laries. but they gradu-

ally become con-

fluent, and thus a yonng vessel is formed, at first

very irregular in outline, but gradually acquiring

more and more of a tubular form. In the case of
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an isolated cell, its protoplasmic processes grow by
degrees to the nearest capillary, to the wall of which
they become fixed, and the cavity of the cell finally
opens through such processes into that of the cd]ulla.r
vessel,

The islets or cysts of blood that appear early in the
area vasculosa of the embryo are due to vacuolation of

Fig. 81.—Cells from mesoblast of chick's blastoderm undergoing develop-
ment into blood-vessels in the area vasculosa. (Hondbook. )

it, Cavity of cell; b, cell wall; f, cells not yet hollowed out ; o, blood corpusecles.

spherical or elongated vasoformative cells of the meso-
blast, the islets or cysts being composed of a central
portion which are blood corpuscles, at first white, then
red, and a peripheral protoplasmic nucleated envelope,
the future vascular wall. The central nucleated blood
cells develop by a process of endogenous division from
the original cell protoplasm. The blood cysts, at first
isolated, afterwards become connected by protoplasmic
processes with other cysts or other vasoformative cells,
ultimately forming a network of vessels (Fig. 81).

The wall of young capillaries is granular-looking
protoplasm (the original cell substance), and in it
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are disposed, In more or less regular fashion, oblong
nuclei, derived by multlplmatmn from the nucleus of
the :'1"111,11 cell.  In a later stage, a differentiation
takes place in the protoplasmic wall of the capillary
into cell plates and cement substance, in such a way
that each of the above nuclei appertains to one cell
plate, which now represents the final stage in the
formation of the capillary. Both in the embryo and
in the adult a few isolated nucleated protoplasmic cells,
or a few protoplasmic solid processes of an existing
capillary, may by active and continued growth give
origin to a whole set of new capillaries (Stricker,
Aftanasieff, Arnold, Klein, Balfour, Ranvier, Leboucq).



117

CHAPTER XI.
THE LYMPHATIC VESSELS.

110. Tur large lymphatic trunks, such as the
thoracic duct, and the lymphatic vessels passing to and
from the lymphatic glands, are thin-walled vessels,

Fig. 82.—Lymphatic Vessels of the Diaphiragm of the Dog, stained with
Nitrate of Silver. (Adtlas.)

The endothelinm forming the wall of the lymphatics is well shown ;
v, valves.
~ similar in structure to arteries.  Their lining endo-
- thelium is of the same character as that of an artery,
~ and so are the elastic intima and the media with its
cireular muscular tissue ; but these latter are very
much thinner than in an artery of the same calibre,
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The adventitia is an exceedingly thin connective-
tissue membrane with a few elastic fibres. The
valves are semi-lunar folds of the endothelium and
intima,

111. The lymphaties in the tissues and organs
form rich plexuses. They are tubular vessels, the
wall of which is, like that of a capillary blood-vessel,
a single layer of endothelial
plates (Fig. 82). The Ilym-
phatic 1s often many times
wider than a blood capillary.
The endothelial plates are elon-
gated, but not so long as in a
blood ecapillary, with more or
less sinuous outlines ; but this
depends on the amount of
shrinking of the tissue in which
the vessel 1s embedded ; when
there is no shrinking in the
tissue or in the vessel, the out-
lines of the cells are more or
less straight.

The lymphatics are sup-
ported by the fibrous connective
tissue of the surrounding tissue,
which does net, however, form
part of their wall.

112. The outline of the
vessel is not straight, but more
or less moniliform, owing to
Fic. 83.—From silver-stained the slight dilatations present

specimen of themesentery helow and at the semi-lunar

g : ‘«alves ; these are folds of the
" mphatie Yol showing ;fidtﬂtl;ﬁ"lia] wall, and the

its endothelial wall. d Y _are

met with in great numbers.

The vessel appears slightly dilated immediately be-

vond the valve—that is, on the side farthest from
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the periphery, or rootlet, whence the current of
lymph starts.

t13. Tracing the lymphatic vessels in the tissues
and organs towards their rootlets, we come to more or
less irregularly-shaped vessels, the wall of which also
consists of a single layer of polygonal endothelial
plates ; the outlines are very sinuous. These are the
lymphatic capillaries ; in some places they are mere
clefts and 1rregular sinuses, in others thm.' have more
the character of a tube, but in all instances they
have a complete endothelial lining, and no valves.

Sometimes a blood-vessel, generally arterial, is
ensheathed for a shorter or longer distance in a
Iymphatic tube, which has the character of a lym-
phatic capillary ; these are the perivascular lym-
phatics of His, Stricker, and others (Fig. 83).

114. The rootlets of the lymphaties are situ-
ated in the connective tissue of the different organs
in the shape of an intercommunicating system of
crevices, clefts, spaces, or canals, existing between the
bundles, or groups of bundles, of the connective tissue.
These rootlets are generally without a complete endo-
thelial lining, but are identical with the spaces in
which the connective-tissue corpuscles are situated ;
where these are branched cells anastomosing by thE‘ll‘
processes into a network—such as the cornea, or
serous membranes—we find that the rootlets of the
lymphaties are the lacunz and canaliculi of these cells
—the typical lympl-canalicular system of von
Recklinghausen (Fig. 84). The endothelial cells
fﬂrmmﬂr the wall of the lymphatic capillaries are
dlrectly continuous with the connective cells situated
in the rootlets. In tendons and fasciz the minute
lymphaties lie between the bundles, and have the
shape of continuous long clefts or channels; in
striped muscular tissue tlwv have the same chamctEr
being situated between the muscular fibres.
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The passage of plasma from the minute arteries
and capillary blood-vessels into the lymph-rootlets
situated in the tissues, and thence into the lymphatic

Fig. 84— From silver-stained preparation of the Central Tendon of the
Rabbit's Diaphragm, showing the direct conunection of the Lymph-
canalieular System of the Tissue with the Lvinphatie Capillaries.

a. Lymphatic vessel: b, lymphatic capillary lined with “ sinuous " endothelium.
( Handbook.

capillaries and lymphatic vessels, represents the natural
current of lymph irrigating the tissues.

115. Lymph eavities. In some cases the lym-
phatic vessels of a tissue or organ are possessed of, or
connected with, irregularly-shaped large sinuses, much
wider than the vessel itself ; these cavities are the
lymph sinuses, and their wall is also composed of a
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single layer of more or less polygonal endothelial
plates with very sinuous outlines. Such sinuses are
found in connection with the subcutaneous and sub-
mucous lymphatics, in the diaphragm, mesentery, liver,
lungs, etc. On the same footing—i¢.e. as lymph
sinuses—stand the {:n:nnpm*ativﬂl}-' large lyvmph cavities
in the body, such as the subdural and subarachnoidal
spaces of the central nervous system, the n:ynm'iz:l.l
cavities, the cavities of the tendon-she: Ltln the cavity
of the tunica vaginalis testis, the pleural, pf;,lutudlul,
and peritoneal cavities. In batrachian animals—e.g.
frogs—the skin all over the trunk and extremities is
separated from the subjacent fascize and muscles by
large bags or sinuses—the subcutaneous lymph sacs.
These sinuses are shut
oft from one another
by septa. Between the
trunk and the extremi-
ties, and on the latter,
the septa generally
occur in the region of
the joints. In female
frogs in the mesogas-
trium smaller or larger
eysts lined with ecili-
ated endothelium are
sometimes found. Be-
hind the peritoneal
cavity of the frog, on
each side of the ver-

Fig. 85.—8tomata, lined with Germina-

tebral cnlul'nn, exists a nnE Endothelial Cells, as seen from

it large lymph si- E;';t.f;ﬁ}if ml Snkie o oA
nus, called the cisterna Frog. (Handbook.)
lymphatica magna.

116. Thelymph cavitiesare in allinstances in direct
communication with the lymphatics of the surround-

ing parts by holes or open mouths (stomata), often




122 FEreywents oF HiSToLoGY.

surrounded by a special layer of pD]Th[*dlﬂ.l endothe-
lial ecells—germinating cells (Figs. 85, 86). Such
stomata are numerous on the peritoneal surface
of the central tendon of the diaphragm, in which
are found straight lymph channels between the tendon
bundles, and these channels communicate by nu-
merous stomata with
the free surface. A
similar arrangement
exists on the costal
pleura, the omentum,
and the cisterna lym-
phatica magna of the
frog.  (See Chapter
V)

117. The serous
membranes  con-
sist of endothelium
upon a layer of
Fig. 86.—Endothelium and Stomata of the fibrous tissue with

Peritoneal Surface of the Septum Cis- networks of fine
ternz Lymphaticse Magne of the Frog. .
( Handbook.) elastic fibres: they
contain networks of
blood capillaries and numerous lymphatic vessels
arranged in (superficial and deep) plexuses.  Plexuses
of ly m]]h.ltlc‘:. are very numerous in the pleura costalis
—or rather, intercostalis—in the dmphrarrm and pleura
pulmmmlls. They are important in the process of
absorption from the pleural and peritoneal cavity
respectively. Lymph and lymph corpuscles, and other
solid particles, are readily taken up by the stomata
(see Fig. 31) and brought into the lvmphatics. Here
the mSpnatﬂr}r movements of the intercostal muscles,
of the diaphragm, and of the lungs respectively, pro-
duce the result of the action of a pump
118. There exists a definite relation between the

lymphaties on the one hand and the r.-pitlmlium on the
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other, which covers the mucous membranes and lines
the various glands, and also between the endothelium
covering serous membranes and that lining their vessels
and h‘mph cavities—namely this: the albuminous semi-
fluid cement substance (see former chapters) between
the epithelial or endothelial cells is the path by whicl
fluid and formed matter passes between the surfaces
and the lymph-canalicular system—az.e. the rootlets of
the lymphatics.

119, Lymph taken from the lymphatics of differ-
ent regions differs in composition and structure. That
from the thoracic duct contains a large number of
colourless or white corpuscles (Iymph corpuscles), each
of which is a protoplasmic nucleated cell similar in
structure to a white blood corpuscle. They are of
various sizes, according to the stage of ripeness. The
smaller lymphocytes containone, some of the larger con-
tain two and three nuclei corresponding to the typical
leucocytes. The latter show more pronounced ameboid
movement than the former. Also “granular ” oxyphile,
basophile, and amphophile cells are met with amongst
the leucocytes. A few red corpuscles are also met
with. Granular and fatty matter is present in large
quantities during and 111111]3{11.:11:&11 after digestion,

In the frog (and also in other lower vertebrates—
e.g. reptiles) there exist certain small vesicular lymph
cavities, about an eighth of an inch in diameter,
which show rhythmic pulsation ; they are called lymph
hearts. On each side of the os coccygis and under-
neath the skin is a pulsating posterior lvmph heart.
The anterior lymph heart is oval, and is situated on
each side of the processus transversus of the third and
fourth vertebrz ; it is rather smaller than the posterior
one, Each Iymph heart has afferent lymphatics, by
which it is in open communication with the lymph-
atics of the periphery, and from it passes out an efferent
vessel which opens into a large vein (a branch of the
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sciatic and jugular veins respectively). A valve
allows lymph to flow out of the lymph heart into
the vein, but prevents regurgitation of blood from

Fig. 87.—Developing Lymph-capillaries in the Tail of Tadpole. (Atlas.)

it, Solid nucleated protoplasmic branches not yet hollowed out.

the vein. The internal surface of the lymph hearts
is lined with an endothelinm like the lymph sacs, and
in their wall they possess plexuses of striped, branched,
muscular fibres. The nerve fibres terminate in these
striped muscular fibres in the same manner as in those
of other localities. (Ranvier.)
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CHAPTER XII.
FOLLICLES OR SIMPLE LYMPH GLANDS.

121. UxpEr this name we include the blood glands,
or the conglobate gland substance of Hewson, His,
and Henle, or the lymph follicles (Killiker, Huxley,
Luschka). The ground substance of all lymph glands,
simple as well as compound (see below), is the lymph-
atic or adenoud tissue, or leucocytogenous tissue,
Like all other gland tissue, it is supplied with a rich
network of capillaries derived from an atferent
artery, and leading into efferent veins.

122. The elements constituting this tissue are :—

(a) The adenoid reticulum (Fig. 88), a network
of fine homogeneous fibrils, with numerous plate-like
enlargements.

(h) Swmall, transparent, flat, endotheloid cell plates,
each with an oval nucleus. These cell plates are fixed
on the reticulum, of which at first sight they seem
to form part. Their oval nucleus especially appears
to belong to a mnodal point—ze. to one of the
enlargements of the reticulum ; but by continued
shaking of a section of any lymphatic tissue, the oval
nuclei and their cell plates can be got rid of, so that
only the reticulum is left, without any trace of a
nucleus,

(¢) Lymph corpuscles completely fill the meshes of
the adenoid reticulum. These can, however, be easily
shaken out. They are of different sizes ; some—the
young ones—are small cells, with a comparatively
large nucleus; others—the ripe ones—are larger,
have a distinct protoplasmic cell body, with one or
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two nuelei.  In all lymphatic tissues, be they part of
a simple or of a compound lymph gland, certain parts
are of greater transparency than others, due to the
lymph  cells
being larger
and in a state
of division, as
indicated by
the  various
phasesofmito-
tic division of
their nucleus
(Flemming,
Heilbrunn).
These parts
form, there-
fore, centres
of germina-
tion, and con-

stitute what Fis. 83.—Adenoid Reticulum shaken out: most of
A o the Lymph corpuseles are removed. From a Lym-
are spo ken phatic Gland. (dtlas.)

of as Hqernt a, Reticulum

centres, or
germ nodules (Flemming). The germ centres are
not permanent structures,

123. The adenoid tissue occurs as:

(1) Diffuse adenoid tissue, without any definite
arrangement. This occurs in the subepithelial layer
of the mucous membrane of the nasal fosse and
trachea, in the mucous membrane of the false vocal
cords and the ventricle of the larynx, in the posterior
part of the epiglottis, in the soft palate and tonsils,
at the root of the tongue, in the pharynx, in the
mucosa of the small and large intestine, including the
villi of the former: and in the mucous membrane of
the nasal cavity and vagina.

(2) Cords, eylinders, ov patches of adenoid tissue ;

; ¢, caplllary blood-vessel.,
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in the omentum and pleura, and in the spleen
(Malpighian corpuscles).

(3) Lymph follicles, i.e. oval or spherical masses
more or less well defined ; in the tonsils, at the root
of the tongue, in the upper part of the pharynx
(pharynx tonsil), in the stomach, small and large

Fig. 80, — Lymphangial Nodules,in the Omentum of a Guinea-pig, developing
in connection with lymph vessels, (Klein's © Lymphatic System.”)

A, Perilymphangial nodule: «, lymph ves=el; b, lymphoid tissue; e, its endo-
thelial wall; o, blood capillarirs: B: endolymphaneial strocture : a. vein ;
b, artery ; ¢, capillaries ; d, perivascalar lyvinph vessel ; ¢, lymphatic tissue ;
£, endothelial wall of the lIymph vessel,

intestine; in the mnasal mucous membrane, in the
large and small bronchi; and in the spleen (Mal-
pighian corpuscles).

Most of these masses of adenoid tissue mentioned
hitherto are developed in the wall or even in the
cavity of a lymph vessel or lymph sinus as peri- and
endo-lymphangial nodules; in the former case the
Iymph tissue remains surrounded for a smaller or
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larger part of its periphery by a lymph sinus forming
part of a network of lymph tubes (Fig. 89, A and B)

124, The tomsils (Fig. 90) are masses of lymph
follicles and diffuse adenoid tissue covered with a thin
mucous membrane, which penetrates in the shape of

Ih'r;'_.'ln"'
._;";;".;T: ¥
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Fig. 90.—Vertical Section through part of the Tonsil of Dog. (A#las.)
&, Stratified pavement epithelinm covering the free surface of the mucous

membrane, The tissue of the mucous membrane is infiltrated with adenoid
tissue. f, lymph follicles: m, mucous gland of the submucous tissne.

longer or shorter folds into the substance within.

Numbers of mucus-secreting glands situated outside
- the layer of lymph follicles discharge their secretion

_into the pits (the crypts) between the folds. The free

“surface of the tonsils and the crypts is covered or
"”lmed with similar stratified eplthellum to that which
ines the oral cavity, Numbers of lymph corpuscles
J
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constantly, in the perfectly normal condition, migrate
through the epithelium on to the free surface, and are
mlxud with the secretions (mucus and saliva) of the
oral cavity. The so-called mucous or salivary cor-
puscles of the saliva, taken from the oral cavity, are
such discharged lymph corpuscles (Stohr). They
become swollen up by the water of the saliva, and
assume a spherical h]lrll}f_h They finally disintegrate.

Similar relations, only on a smaller scale, obtain
at the root of the tongue.

The pharynz tonsil of Luschka, occurring in the
upper part of the pharynx, is in all essential respects
similar to the palatine tonsil. Owing to large parts
of the mucous membrane of the upper portion of the
pharynx being covered with ciliated columnar epi-
thelinum, some of the crypts in the pharynx tonsil are
also lined with it.

125. The lemticular glands of the stomach are
single lymph follicles.

The solitary glands of the small and large
intestine are single lymph follicles.

The agminated glands of the ileum are groups
of lymph follicles, The mucous membrane containing
them is much thickened by their presence. These
agroups of follicles are called a Peyer's patch or a
Peyer’s gland (see Intestine).

126. In most instances the capillary blood-vessels
form in the lymph follicles meshes, arranged in a more
or less radiating manner from the periphery towards
the centre ; around the periphery there is a network
of small veins. A larger or smaller portion of the
circumference of the follicles of the tonsils, pharynx,
intestine, bronchi, ete., is surrounded by a lymph
sinus leading into a lymphatic vessel. (See above.)
The lymphatic vessels and lymph sinuses in the
neighbourhood of lymphatic follicles or of diffuse
adenoid tissue are almost always found to contain
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numerous lymph corpuscles, thus indicating that
these are produced by the adenoid tissue and absorbed
by the lymphatics.

127. The thymus gland consists of a frame-
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Fig. 91,—Section through the Thymus Gland of a Feetus,

a, Fibrous tissue between the follicles; b, cortical portion of the follicles
¢, meduallary portion,

work and the gland substance. The former is fibrous
connective tissue arranged as an outer capsule, and
in connection with it are septa and trabecula passing
into the gland and subdividing it into lobes and
lobules, which latter are again subdivided into the
Jollicles (Fig. 91). The follicles are very irregular
in shape, most of them being oblong or cylindrical
streaks of adenoid tissue. Near the capsule they are
well defined from one another, and present a polygonal
outline ; farther inwards they are more or less fused.
Each shows a central transparent medulla (germ centre)
and a peripheral less transparent cortexz (Watney).
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At the places where two follicles are fused with one
another the medulla of both is continuous. The matrix
1s adenoid reticulum, the fibres of the medullary part
being coarser and shorter, those of the cortical portion
of the follicle finer and longer. The meshes of the
adenoid reticulum in the cortical part of the follicles
are filled with lymph corpuscles like those occurring in
the adenoid tissue of other organs, but in the medul-
lary part they are fewer, and “the meshes are more or
less completely nu’-upwd by the enlarged but more
transparent cells ; in many of these Iultﬂtlc division of
the nucleus occurs. These conditions canse the greater
transparency of the medulla and represent the germ
centres above mentioned. Amongst the large cells of

the medullary portion,

,,r‘"%\ <77 2 some are coarsely granu-
7o) q\\ 8N lar and include more
'ﬁ}?/l/ A& ) ) than one nucleus; some

S V&  are even multinucleated

Fiz. 92. —Two Coneentric or Hassall’s = 128 Amonest the cells
Corpunscles of the Thymus. Feetal =
Gland. ' of the medulla occur also
larger or smaller, more
or less concentrically arranged nucleated protoplasmic
masses, which are the concentric bodies of Hassall
(Fig. 92). They are met with even in the early
stages of the life of the thymus, and cannot there-
fore be connected with the involution of the gland,
as maintained by Afanassief, according to whom
the concentric corpusclh are fD‘l‘l']lE‘d in blm‘:-rl vessels
which thereby become obliterated.  According to
Watney they are concerned in the formation of blood-
vessels and connective tissue.

The lymphaties of the interfollicular septa and
trabecule always contain numbers of lymph corpuscles.
The blood capillaries of the follicles are more richly
distributed in the cortex than in the medulla, and

e

=&
!-%ff oiant cells.
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they radiate from the periphery towards the central
parts.

129, After birth the thymus begins to undergo
involution, leading to the gradual disappearance of
the greater portion of the gland, its place being taken
by connective tissue and fat. But the time when
the involution is completed varies within very wide
limits.

It is nov unusual to find in persons of fifteen to
twenty years of age an appreciable amount of thymus
tissue. According to Waldeyer, about 60 per cent. of
adults examined had still a portion of thymus gland
left. In some animals—e.g. guinea-pig—the involu-
tion of the gland even in the adult has not made much
progress. In the thymus of the dog Watney found
cysts lined with ciliated epithelial cells.
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CHAPTER XIILI.
COMPOUND LYMPHATIC GLANDS.

130, Tue compound or true lymphatic glands are
nodules, generally of an oblong shape, directly inter-
polated in the course of lymphatic vessels. Such are
the mesenteric, portal, bronchial, splenic, sternal,
cervical, cubital, popliteal, inguinal, lumbar glands.
Afferent lymphatic vessels anastomosing into a plexus
open at one side (in the outer capsule) into the
lymphatic gland, and at the other (the hilum) emerge
from it as a plexus of efferent lymphatic tubes.

151. Each true lymphatic gland is enveloped in a
Sibrous capsuie which 1s connected with the interior
and the hilum by trabecile and septa of connective
tissue. The trabecule having advanced a certain
distance, about one-third or one-fourth, towards the
centre, branch into minor trabeculs, which in the
gland anastomose with one another so as to form a
plexus with small meshes, Thus the peripheral third
or fourth of the gland is subdivided by the septa and
trabecul:e into relatively large spherical or oblong
compartments, while the middle portion is made up of
relatively small cylindrical or irregularly-shaped com-
partments (Fig. 93). The former region is the corfex,
the latter the medulla of the gland. The compart-
ments of the cortex anastomose with one another and
with those of the medulla, and these latter also form
one Intercommunicating system.

The fibrous capsule, the septa and trabecule are
the carriers of the vascular trunks; the trabecula
consist of fibrous connective tissue and of a i(-fartrain
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amount of non-striped muscular tissue, which is con-
spicuous in some animals—e.g. pig, calf, rabbit,
guinea-pig—but is seanty in man.

Sometimes coarsely granular connective-tissue cells
(plasma cells) are present in considerable numbers in
the trabeculze.

132, The compartments contain masses of adenoid

Fig. 93.—From a Vertical Section through a Lymphatic Gland, the
Lymphatics of which had been injected. (Atlas.)
¢, Outer capsule, with lvmphatic vessels in section ; a, cortical lymph follicles;

around them are the cortical lymph sinuses; b, medulia ; injected lymph
sinuzes between the masses of adenoid tiz=ue,

tissue, without being completely filled with it. Those
of the cortex contain oval or spherical masses—the
lymph follicles of the cortex ; those of the medulla
eylindrical or irregularly-shaped masses—=the medullary
cylinders. The former anastomose with one another
and with the latter, and the latter amongst them-
selves, a condition easily understood from what has
been said above of the nature of the compartments
containing these lymphatic structures. The follicles



136 Lremenrs oF Hisrorocy.

and medullavy cylinders consist of adenoid tissue with
germ centres of exactly similar character to that
described in the previous chapter. And this tissue
also contains the last ramifications of the blood-
vessels—a.e. the last branches of the arteries, a rich
network of capillary blood-vessels, and the first or
smaller branches of the veins. The capillaries and
other vessels receive also here an adventitious envelope
from the adenoid reticulum.

133. The cortical follicles and the medullary
cylinders do not
completely fill out
the compartments
made for them by
the capsule and
trabeculae respec-
tively, but a nar-
row  peripheral
zone in each com-
partment 1is left
free; these are the
lymphatic sinuses.
In the cortex they
are spoken of as
the cortical (Fig.
94),1n the medulla
as the medullary,
lymph SiNUSES

(Fig. 95). The
Ll l' i.‘." s = '}

Fig. 94.— From a Section through a Lymphatie former is a Sl

Gland. (Atlas.) between the outer

. Duate apsnle: = eortical lvmph sinug; o, : o

: J.ﬂ:;i::ﬁoﬁfiutifkglﬁm ﬂl} r.:'_nr'tir:l:_[i fol h:‘l%}- Numerous S}“ fﬂﬂﬁ Df tlH". f.j'['.ll'

nuclel, indicating lymph corpuscles. t-lcnl l}.mph fﬂ”lﬂle

and the corre-

sponding part of the capsule or cortical septum, the

latter between the surface of a medullary cylinder

and the trabecul:e. From what has been said of the
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relation of the compartments, it follows that the
cortical and medullary lymph sinuses form one inter-
communicating system. These are not empty free
spaces, but are filled with a coarse reticulum of fibres,
much coarser than the adenoid reticulum ; to it are
attached large transparent cell plates—endotheloid

e

Fig. 95.—From a Section through the Medulla of a Lymphatie Gland.

a, Transition of the medullary cylinders of adenoid tissue into the cortieal
follicles; b, lymph sinuses occupied by a reticulum ; e, fibrous tissue trabe-
cul®e ; d, medullary cylinders,

plates. In some instances (as in the calf) these cell
plates of the medullary sinuses contain brownish
pigment granules, which give to the medulla of the
gland a dark brown aspect. In the meshes of the
reticulum of the sinuses are contained lymph cor-
puscles, the majority of which consist of a compara-
tively large protoplasmic body and one or two nuclei ;
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they show lively ammboid movement ; a few small
lymphocytes are also amongst them.

The surface of the trabeculw facing the lymph
sinuses 1s covered with a continuous L],_}El of endothe-
lium (von Recklinghausen), and a similar endothelial
membrane, but not so complete, can be made out on
the surface of the cortical follicles and the medullary
cylinders. The endotheloid plates, applied to the
reticulum of the sinuses, are stretched out, as it
were, between the endothelial membrane covering
the surface of the trabeculw on the one hand and
that covering the surface of the follicles and cylinders
on the other.

In the mesenteric glands of the pig the distribu-
tion of cortical follicles and medullary cylinders is
almost the reverse from that of other glands and in
other animals: the cortical part having the arrange-
ment of cylinders of adenoid tissue and trabeculz,
while the medulla shows lymph follicles and longer
septa between them.

134. The afferent lymphatic vessels having entered
the outer capsule of the gland, and hmlnﬂ formed
within the capsule a dense pleuq, open dir ect]y into
the cortical lymph sinuses. The medullary lymph
sinuses, on the other hand, lead into lymphatic vessels,
which leave the gland at the hilum as the efferent
vessels.

Both afferent and efferent vessels are supplied
with valves.

135. The course of the lymph through a lymphatic
gland is this: From the afferent vessels, situated in
the capsule, the lymph flows into the cortical lymph
sinuses, from these into the medullary sinuses, and
from these into the efferent lymphatics. Owing to
the presence of the reticulum in the lymph sinuses the
current of the lymph will flow very slowly and with
difficulty, as if through a spongy filter. Hence a



Comprounp Lyvmpraric GLANDS. 130

large number of formed corpuscles, pigment, inflam-
matory or other elements, passing into the gland from
the afferent vessels are easily arrested and deposited
in the sinuses, and are there readily swallowed by the
amaboid corpuscles lying in the meshes of, or de-
posited on the reticulum.

Passing a stream of water by way of the afferent
Iymph vessels through the gland, the contents of the
meshes of the reticulum of the e, the
lymph corpuscles —are of course the first things
washed out (von Recklinghausen), and on continuing
the stream some of the lymph corpuscles of the
follicles and cylinders are also washed out. Probal iy
also by the normal lymph-stream passing from the
minute arteries and capillary blood-vessels of the
adenoid tissue (follicles and medullary lymph
cylinders) into the lymph sinuses, lymph cells are
drained, as it were, from the follicles and cylinders
into the sinuses. The ameboid movement of these
cells will greatly assist their passage into the sinuses.
From here the cells are carried away by the lymph
current into the efferent lymph vessels, and arve ulti-
mately carried into the big lymph-trunks discharging
into the big veins—ai.e. into the circulating blood—as
white blood corpuscles.
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CHAPTER XI1V.
NERVE FIBRES.

136. Tur nerve fibres conduct impulses to or
from the tissues and organs on the one hand, and the
nerve centres on the other, and accordingly we have
to consider in each nerve fibre the peripheral and

Fig. 06.—From a Transverse Section through the Seiatic Nerve of Dog.

ep, Epineurium ; p, perinenrinm ; », nerve fibres constituting a nerve bundle in
eross-gection ; f, fat tissue surrounding the nerve. (dtlas.)

central termination and the conducting part. The
latter, 7.e. the nerve fibres proper, in the cerebro-
spinal nerves are grouped into bundles, and these
again into anatomical mnerve branches and nerve
trunks. Each anatomical cerebro-spinal nerve con-
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sists, therefore, of hundles of nerve fibres (Fig., 96).
The general stroma by which these bundles are held
together is fibrous connective tissue called the epi-
newriwm (Key and Retzius) ; this epineurium is the
carrier of the larger and smaller blood-vessels with
which the nerve trunk is supplied, of a plexus of
lymphatics, of groups of fat cells, and sometimes of
numerous plasma cells.

137. The nerve bundles or funienli (Fig. 97) vary
in size according to the number and size of the nerve
fibres they contain. They are well defined by a
sheath of their own, called perineurivm (Key and
Retzius). This perineurium consists of bundles of
fibrous connective tissue arranged in lamell®, every
two lamellee being separated from one another by
smaller or larger lymph spaces, which form an inter-
communicating system, and anastomose with the
lymphatics of the epineurium whence they can be
injected. Between the lamellie, and in the spaces,
are situated flattened endotheloid connective-tissue
corpuscles.

The nerve bundles are either simple or compound.
In the former the nerve fibres are not subdivided
into groups within the bundle, in the latter the
bundles are subdivided by thicker and thinner septa
of fibrous connective tissue connected with the peri-
neurium. When a nerve bundle divides —as when a
trunk repeatedly branches, or when it enters on its
peripheral distribution—each branch of the bundle
receives a continuation of the lamellar perineurium.
The more branches the perineurium has to supply,
the more reduced it becomes in thickness, In some
of these minute branches the perineurium is reduced
to a single layer of endothelial cells. When one of
these small bundles breaks up into single nerve
fibres, or into small groups of them, each of these has
also a continuation of the fibrous tissue of the
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perineurium. In some places this perineural con-
tinuation is only a very delicate endothelial membrane
as just mentioned, in others it is of considerable
thickness, and still shows its lamellated nature. Such

Fig. 97.— Transverse Section through a Nerve Bundle in
the Tail of Mouse. (.4tlas.)

p, Perinenrium; ¢, endoneurinm separating the medullated nerve fibres
seen in cross-section; ', lymph gpaces in the perineurium; I, lymph spaces
in the endoneurinm.

a lamellated sheath of single nerve fibres, or o a
small group of them, represents what is called a
Henle's sheath.

138, The nerve fibres are held together orseparated
respectively within the bundle by connective tissue,
called the endoneurium (Fig. 97). This is a homo-
geneous ground substance in which are embedded
fine bundles of fibrous connective tissue, and con-
nective-tissue corpuscles, and capillary blood-vessels
arranged so as to form a network with elongated
meshes, Between the perineurium and the nerve
fibres are found here and there lymph spaces ; similar
spaces separate the individual nerve fibres, and have
been injected by Key and Retzius. The endoneural
lymph spaces communicate with those of the peri-
neural sheath.
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When nerve trunks anastomose so as to form a
plexus—e.g. in the brachial or sacral plexus— there
occurs a division, an exchange and re-arrangement
of nerve bundles in the branches. A similar con-
dition obtains in the ganglia of the cerebro-spinal
nerves, Nerve trunks and nerve branches passing
through a lymph cavity, such as the subdural spaces,
or the subcutaneous lymph sacs, or the cisterna lym-
phatica magna in the frog, receive from the serous
membrane an outer endothelial covering,

139. Most of the nerve fibres in the bundles of
the cerebro-spinal nerves, with the exception of the
olfactory nerve, are medullated nerve fibres. These
are doubly - contoured smooth cylindrical fibres,
varying in diameter between ., or more and
o500 ©f an inch. Within the same nerve, and
even within the same nerve bundle, there uccur
fibres which are several times thicker than others,
and it is probable that they are derived from different
sources ; this, for instance, is very conspicuous in the
vagus nerve (Gaskell, }_‘lg. 98). Schwalbe has shown
that the thickness of the nerve fibre stands in a
certain relation to the distance of its periphery from
the nerve centre and to its functional activity.

A medullated nerve fibre in the fresh condition is
a bright glistening cylinder, showing a dark double
contour. KEither spontaneously after death, or after
reagents—as water, sait solution, dilute acids—or
after pressure and mechanical injury, the outline of
the nerve fibre becomes irregular; smaller or larger
glistening dark-bordered droplets and masses appear,
and gradually become detached. These droplets and
masses are called myeline droplets, and are derived
from the fatty substance or myelin constituting the
medullary sheath or white substance of Schwann (see
below). When a nerve fibre within the bundle under-
goes degeneration during life, either after section of
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the nerve or after other ]hkt]m]ﬁtfltﬂ.l changes, or in
the natural course of its existence (S. ‘.Imm‘) the
medullary sheath is the first to undergo change ; it
breaks up into similar smaller or Luwe rr]uhuIEn or

Fig. 98.—From a Transverse Section through the Vagus Nerve, showing in
the nerve bundles nerve fibres (in cross-seetion) which differ markedly
in size, some being much larger than others. (Photo., highly magnified.)

particles, which gradually become granular and
absorbed. Later also the axis cylinder dwindles
away, and only the neurilemma with the nucleated
corpuscles persist.

140. Each medullated nerve fibre (Figs. 99, 101)
consists of the following parts: (a) the central axis
eylinder, arvon or mneurarcn. This is the essential
part of the fibre, and is a ecylindrical or band-like,
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pale, transparent structure, which in certain locali-
ties (near the terminal distribution, in the olfactory
nerves, in the central nervous system), and especially
after certain reagents, shows itself composed of very
fine homogeneous or more or less beaded fibrillee—the
elementary or prinative fibrillee (Max Schultze)—held
together by a small amount of a faintly granular in-
terstitial substance The longitudinal striation of
the axis cylinder is due to its being composed of
IJl‘]lllltl‘.E fibrillze.  The thickness of the axis cylinder
is in direct proportion to the thickness of the whole
nerve fibre. The axis cylinder itself is enveloped in
its own hyaline more or less elastic sheath—the axi-
lemma (Kiihne), composed of neurokeratin,

141, (b) The medullary sheath, ov myeline sheath,

white substance of Schwann, is also called the
medulla of the nerve fibre. This is a glistening
bright fatty substance surrounding the axis cylinder,
as an insulating hollow cylinder surrounds an electric
wire, The medullary sheath gives to the nerve fibre
its double or dark contour. Between the axis cylinder
and the medullary sheath there is a small amount of
albuminous fluid, which appears greatly increased
when the former, owing to shrinking, stands farther
apart from the latter.

142, (¢) The sheath of Schwann, or the newrilemma,
closely surrounds the medullary sheath, and forms the
outer boundary of the nerve fibre. It is a delicate
structureless membiane, Here and there between
the neurilemma and the medullary sheath, and
situated in a depression of the latter, is an oblong
nucleus, surrounded by a thin zone of protoplasn.
These nucleated corpuscles are the nerve corpuscles
(Fig. 99), and are analogous to the muscle corpuscles,
situated between the sarcolemma and the striated
muscular substance. They are not nearly so numerous
as the muscle corpuscles,

K
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143. The neurilemma presents at certain definite
intervals annular constrictions —the nodes or constric-
tions of Ranvier (Figs 99, 100, 101)—and at these
nodes of Ranvier the medullary
sheath, but not the axis eylinder and
its special sheath, i1s suddenly inter-
rupted, and sharply terminates at
the constriction. The neurilemma
is at the same time thickened by
annular permanent. folds (see B in
Fig. 101). The portion of the nerve
fibre sitnated between two nodes is
the internodal seqgment. Each in-
ternodal segment has generally one,
occasionally more than one, nerve
corpuscle.  The medullary cylinder
of each internodal segment i1s made
up of a number of conical seetions
Cres LA Sha Sy (Fig. I_{}l, A) imbricated at their ends
Fibres, showing the (Schmidt, Lantermann; and each

nodes ox coustrie- such section is again made up of a
and the axis cy- Jarge number of rod-like structures
e sheath I (Fig. 102) placed vertically on the
been  dissolved gxi5 cylinder (MacCarthy).

away. The deeply- el

stained oblong These rods are, IJGWBTEI', con-
::‘ﬁ}f' i"fj;’l"'fl“;:f{',_: nected into a network. The net-
within the neuri- work itself is very likely the neuro-
lemma.  (dfles) oratin of Ewald and Kiihne, where-
as the interstitial substance of the network is
probably the fatty substance leaving the nerve
fibre in the shape of myveline droplets, when pres-
sure or reagents are applied to the fresh nerve
fibre.

144. Medullated nerve fibres without any newri-
lemma, and consequently without any nodes of
Ranvier, with a thick more or less distinetly laminated

medullary sheath, form the entire white substance of
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the brain and spinal cord. In these organs, in the
hardened and fresh state, numerous nerve fibres may

be noticed, which show
more or less regular
varicosities, owing to
local aceumulations of
fluid between the axis
‘eylinderand medullary
sheath. These are
called waricose nerve

Fig. 101.—Medullated Nerve
Fibres.

A, Medullated nerve fibre, show-
ing the subdivision of the
medullary sheath into eylin-
drical sections imbricated with
their ends ; a nerve corpuscle
with an oval nuclens is seen
between the meurilemma and
the medullary sheath. B, me-
dullated nerve fibre at a node
or constriction of Kanvier ; the
axis cylinder passes uninter-
ruptedly from one sezment
into the other, but the medull-
a.l?'taheat.h is interrupted.
(hey and Retziug,)

Fig. 100.—Medullated Nerve Fibres, after
staining with nitrate of silver. (Key
and Refzius,)

it, Axis cylinder; b, Ranvier's constriction.

Sibres.  They occur also in
the branches of the sympa-
thetic nerve.

The nerve fibres of the
optic and acoustic nerve are
medullated, but without any
neurilemma ; they are there-
fore without any nodes of
Ranvier. Varicose fibres are
common in them.

145. Medullated nerve
fibres occasionally in their
course divide into two me-
dullated fibres, Such divi-
sion 1s very common in
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medullated nerve fibres supplying striped musecular
tissue, especially at or near the point of entrance
into the muscular fibres, (See below.) But also
in other localities division of nerve fibres may be
met with. The electric nerve of the electric fishes

— e.g. malapterurus, gym-

= #®% notus,silurus—showssuch
%Z 51 divisions to an extraor-
2:W: dinary degree, one huge
%j 3 mnerve fibre dividing at

once into a bundle of
minute fibres. Division
of a medullated fibre
takes place generally at
a node of Ranvier. The
branches taken together
are generally thicker than
the undivided part of the
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oz fibre, but in structure
i;f: they are identical with
i the latter.

fsd 146. When medul-
L5 - lated nerve fibres ap-
A c proach their peripheral

Fig. 102.—Medullated Nerve Fibres. termination. thev change
Lt
A, B, Bhowing on a surface view the g '}T g

reticulated nature of the medullary Sooner or later, inasmuch
sheath: ¢, two nerve fibres showing .
the axis cylinder, the medullary @S their medullary sheath
gheath with their vertically-arranged
{nmutc rods, and [-l.'l;-:'l *l"*;i.]m“* ]'I‘.I!*u:;l- sudden]}' Cceases , and now
eEmma oOor ouncer -
(Atlas.) yaline sieath- we have a non-medul-
lated or grey (trans-
parent) nerve fibre of Remak. Each of these consists
of an axis cylinder, a neurilemma, and between the
two a nucleated nerve corpuscle from place to place.
Non-medullated nerve fibres always show the fibrillar
nature of their axis cylinder. The olfactory nerve
branches are entirely made up of non-medullated

nerve fibres. In the branches of the sympathetic



NErvE FiIBRES. 149

most fibres are non-medullated.  Non-medullated
fibres do not show Ranvier’s constrictions. Bundles of
non-medullated fibres are grey, bundles of medullated
fibres are white, when viewed in reflected light ; the
former being without medullary sheath allow light to

Fig. 103.—View of the anterior surface of Gold-stained Cornea of Guinea-
pig, showing the rich distribution of the terminal nerve fibrille and
their ramifications in the anterior epithelium of the cornea. (Photo.,
highly mognijfied.)

pass through them, while the latter owing to their
medullary (fatty) sheath reflect light strongly.

In the extra-vertebral course of many branches
of the cerebro-spinal nerves—e.g. those supplying the
limbs, the wall of the chest and abdomen—there occur
non-medullated fibres generally in small groups;
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these fibres are considered to be derived from the
sympathetic system, having joined the cerebro-spinal
nerves by the grey portions of the rami communi-
cantes ((Gaskell). The non medullated tibres near their
terminal distribution always undergo repeated divi-
sions, They form pleruses, large fibres branching
into smaller ones, and these again joining.  Gener-

Fig. 104.—Dendritic terminations —Dendrons of Nerve Fibres. Transverse
section of the optic lobe of a bind prepared by Golgi's method. (R. ¥
Cegjald, from Quain.)

a, Optic fibres ; b, e, d. ¢, dendrons of same in the different layers of the optic
lobe ; 6 and 7 are the sixth amd seventh layers respectively of the organ,

ally at the nodal points of these plexuses there are
triangular nuclei, indicating the corpuscles of the
neurilemma.

147. Finally the non-medullated nerve fibres leav-
ing the plexuses ultimately lose their neurilemma and
break up into their constituent small bundles and
even single primitive wnerve fibrillee, which occasion-
ally show regular varicosities (Fig. 105). Of course,
of a neurilemma or the nuclei of the nerve corpuscles
there is nothing left. The bundles of primitive fibrils
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and also single fibrils branch and interlace, whereby a
more or less dense dendritic ramification—aihorisa-
tion or dendron—is produced (Fig. 104}. The indivi-

Fig. 105.—Nerve Fibres of the Cornea,

a, Axis cylinder near the anterior epithelinm of the cornea splitting up into
its constituent primitive fibrillee ; b, primitive fibrillze.

dual fibrils of the dendron are straight or twisted, and
often provided with smaller or larger terminal knobs.
In some localities—e.g. in the grey matter of the
central nervous system—the number of fibrils con-
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stituting a dendron 1is large, and hence the dendron
1s conspicuous, in other localities the number of fibrils
is relatively scanty—e.g. in the anterior epithelium
of the cornea—and hence the arborising character
of the dendron is not very conspicuous (]*lg. 103).

Fig. 106.—Intra-epithelial Nerve-termination in the Anterior Epithelium of
the Cornea, as seen in an oblique section. (Handbook.)

a, Axis cylinder; b, sub-epithelial nerve fibrille ; ¢, intra-epithelial ramification ;
d, epithelial cell=.

Pronounced dendrons are found in the nerve termin-
ation in muscle and tendon (the endplates) in the
branched processes (dendrites) of the ganglion cells
in the central nervous system, as will be described
and 1llustrated later.

In the skin, cornea and mucous membranes,
the peripheral termination — 7.e. the primitive
fibrils and their ramifications, are intra-epithelial
(Fig. 106), i.e. they are situated in the stratum
Malpighii of the epidermis, in the epithelial parts of
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the hair follicle, in the anterior epithelium of the
cornea, or in the epithelinm of the mucous mem-
branes. The primitive nerve fibrils lie in the inter-
stitial substance between the epithelial cells; and some
of them have heen observed to end with minute

Fig. 107.—From gold-stained cornea of frog, showing the numerous beaded
fine nerve fibrils and the branched corneal corpuseles, (Photo., highly
magiified,)

knobs in the cell substance itself close to the
nucleus (Pfitzner, Macallum).

148. Tracing then a nerve fibre, say one of com-
mon sensation, from the periphery towards the centre,
we have isolated primitive fibrils or their ramifications ;
they form by agoregation simple axis cylinders, which
vary in thickness according to the number of their
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constituent primitive fibrils. These axis cylinders
then become invested by neurilemma and nuelei, and
form plexuses. By association they form larger axis
cvlinders, and these form typical non-medullated nerve
Sibres with neurilemma, and with the nuclei of nerve
corpuscles (Fig. 106).  Lastly, if a medullary sheath
makes its appearance between the neurilemma and
the axis cylinder of each fibre we get a medullated
nerve fibre,



CHAPTER XV,
PERIPHERAL NERVE-ENDINGS,

149. I~ the preceding chapter we referred to the
termination of the nerves of common sensation, .as iso-
lated primitive fibrillee, and as ramifications and den-
drons of these in the epithelium of the skin and mucous
membranes, in the anterior epithelium of the cornea,
and in the grey matter of the central nervous system.
Besides these there are other special terminal organs
of sensory nerves, probably concerned in the per-
ception of some special quality or quantity of sensory
impulses. These are all connected with a medullated
nerve fibre, and are situated not in the epithelium
of the surface but in the tissue, at greater or lesser
depth. Such are the corpuscles of Pacini and Herbst,
the end-bulbs of Krause in the tongue and con-
junctiva, the genital end-corpuscles or end-bulbs in
the external genital organs, the corpuscles of Meiss-
ner or tactile corpuscles, in the papillze of the skin
of the volar side of the fingers, the touch-cells of
Merkel, the end-corpuscies of Grandry, in the beak
and tongue of the duck.

150. The Pacimian corpuscles.—These are
also called Vater's corpuscles. They occur in large
numbers on the subcutaneous nerve fibres of the palm
of the hand and foot of man, in the mesentery of the
cat, along the tibia of the rabbit, in the genital organs
of man (corpora cavernosa, prostate). HKach corpuscle
1s oval, more or less pointed, and in some places
(palm of the human hand, mesentery of the cat)
easily perceptible to the unaided eye, the largest
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being about ' th of an inch long and Jjth of an
inch broad ; in other places they are of microscopic
size. Each possesses a stalk, to which it is attached,
and which consists of a single medullated nerve fibre
(Fig. 108), differing from an ordinary medullated
nerve fibre merely in the
fact that outside its neuri-
lemma there is present a
thick laminated connec-
tive-tissue sheath. This
is the sheath of Henle
—continuous with the
perineural sheath of the
nerve branch with which
the nerve fibre is in con-
nection. This medullated
nerve fibre within its
sheath possesses generally
a very wavy outline. The
corpuscle itself 1s com-
posed of a large number
of lamelle, or capsules,
more or less concentric-
ally arranged around a
Fig. 108.— Pacinian Corpuscle, from  central elongated or eylin-

the Mesentery of Cat. drical clear space. This
a, Hﬁluilnil*:Eriiéﬂll;:';;sulilEIIP; b, concen- space contains in itﬁ H.IiS,

from the proximal end—
i.e. the one nearest to the stalk—to near the opposite
or distal end, a continuation of the nerve fibre in the
shape of a simple aris cylinder. But this axis cylinder
does not fill out the central space, since there is
all round it a space left filled with a transparent
substance, in which, in some instances, rows of
spherical nuclei may be perceived along the margin
of the axis cylinder. At or near the distal end of the
central space the awis cylinder divides in two or
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more branches, and these terminate in pear-shaped,
oblong, spherical, or irregularly-shaped granular-
looking enlargements.

151. The concentric capsules forming the corpuscle
itself are disposed in a different manner at the peri-
phery and near the central space
from that in which they are dis-
posed in the middle parts, in the
former localities being much closer
together and thinner than in the
latter.  On looking, therefore, at
a Pacinian corpuscle in its longi-
tudinal axis, or in cross-section,
we always notice the striation
(indicating the capsules) to be
closer in the former than in the
latter places. Kach capsule con-
sists of——(a) a hyaline, probably
elastie, ground substance, in which
are embedded here and there ()
fine bundles of connective-tissue
fibres ; (¢) on the inner surface
of each capsule, <e. the one
directed to the central axis of the
Pacinian corpuscle, is a single e S L
layer of nucleated endothelial plates. =% S o e
The oblong nuclei visible on the  Tongue of Duck.
capsules at ordinary inspection are @ Medullated merve fibre
the nuclei of these endothelial
plates. There is no fluid between the capsules, but
these are in contact with one another (Huxley).
Neighbouring capsules are occasionally connected
with one another by thin fibres.

152. In order to reach the central space of the
corpuscle, the medullated nerve fibre has to perforate
the capsules at one pole; thus a canal is formed
in which is situated the medullated nerve fibre, and
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as such, and in a very wavy condition, it reaches the
proximal end of the central space. This part of the
nerve fibre may be called the intermediate part. The
lamell:e of the sheath of Henle pass directly into the
peripheral capsules of the corpuscle.

Immediately before entering the central space,
the nerve fibre divests itself of all parts except the
axis cylinder, which, as stated above, passes into
the central space of the Pacinian corpuscle. In some
cases a minute artery enters the corpuscle at the
pole, opposite to the nerve fibre; it penetrates the
peripheral capsules, and supplies them with a few
apillary vessels.

153. The corpuscles of Herbst are similar to
the Pacinian corpuscles, with this difference, that they
are smaller and more elongated, that the axis eylinder
of the central space is bordered by
a continuous row of nuclei, and
that the capsules are thinner and
more closely placed (Fig. 109).
This applies especially to those near
the central space, and here between
these central capsules we miss the
nuclei indicating the endothelial
plates. Such 1s the nature of
Herbst’s corpuscles in the mucous
membrane of the tongue of the
_, e duck, and to a certain degree also
Fig. 11.—Tactile Cor-

puscle of Meiss- 1n those of the rabbit, and 1 ten-

ner from the Skin ;
of the Human "l”“h'_ : s
Hand. (E. Fischer 154, The tactile corpuscles,

aud W Flamning) - gp corpuscles of Meissner, oc-
showing the convolu- : 7 :
tions of the nerve cur in the papillee of the corium of
fivre. . .
the volar side of the tingers and toes
in man and in apes; they are oblong, straight, or
slightly folded. In man they are about ;l; to 3l;
of an inch long, and .}, to ,}; of an inch broad.

500 200
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They are connected with a medullated nerve fibre—
generally one, occasionally, but rarely, two—with a
sheath of Henle. The nerve fibre enters the corpuscle,
but wusually before doing so it winds round the cor-
puscle as a meédullated fibre once or twice or oftener,
and its Henle’s sheath becomes fused with the fibrous
capsule or sheath of the tactile corpuscle. . The nerve
fibre ultimately loses its medullary sheath and pene-
trates into the interior of the corpuscle, where the axis
cylinder  branches ;
its branches retain
a coiled course all
along the tactile cor-
puscle (Fig. 110),
anastomose with one
another, and ter-
minate in slight en-
largements, pear-
shaped or cylindrical.
These enlargements,
according to Merkel,
are touch-cells. The
matrix, or main part
of the tactile cor-
puscle consists, be-

Hidﬂﬁ the tibrous Fig. 111.—End-bulb of Krause,
" it, Medullated nerve fibre: b, capsule of the
sheath with nuclei corpuscie.

and numerous elastic
fibres, of fine bundles of connective tissue, and of a
number of nucleated small cells,

155. The end-bulbs of Krause.— These oceur
in the conjunctiva of the calf and of man, and are
oblong or cylindrical minute corpuscles situated in
the deepm layers of the conjunctiva, near the corneal
margin. A medullated nerve fibre, with Henle’s
sheath, enters the corpuscle (Fig. 111). This possesses
a nucleated capsule, and 1s a more or less laminated
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(iIn man more granular-looking) structure, numerous
nuclei being scattered between the lamine. Of the
nerve fibre, as a rule, only the axis cylinder is pro-
longed into the interior of the corpuscle. Oceasion-
ally the medullated nerve fibre passes, as such, into
the corpuscle, being at the same time more or less
convoluted. Having passed to near the distal ex-
tremity, it branches, and terminates with small
enlargements (Krause, Longworth, Merkel, Key and
Retzius).

The end-bulbs in the genital organs, or the genital
corpusecles of Krause, are similar in structure to the
simple end-bulbs, They occur in the tissue of the
cutis and mucous membrane of the penis, clitoris, and
vagina,

156. The eorpuscles of Grandry. or fouch
corpuscles of Merkel, in the tissue of the papille in
the beak and tongue of hirds, are oval or spherical
corpuscles of minute size, possessed of a very delicate
nucleated membrane as a capsule, and consisting of a
series (two, three, four, or more) of large, slightly-
flattened, granular-looking, transparent cells, each
with a spherical nucleus, and arranged in a vertical

Fig. 112.—Corpuscles of Grandry in the Tongue of Duck. (Izguierdo.)
A, Composed of three cellzs: B, compozed of two cells: ¢, showing the develop-

ment of a Grandry’s corpuscle from_the epithelium covering the papilla, p;
g, epithelinm ; n, nerve fibre.

row (Fig. 112). A medullated nerve fibre enters the
corpuscle from one side, and losing its medullary
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sheath, the axis cylinder branches, and its branchlets
terminate, according to some (Merkel, Henle), in the
cells of the corpuscle (touch cells of Merkel) ; accord-
ing to others (Key and Retzius, Ranvier, Hesse,
I.:qmeu:ln) in the transparent substance between the
touch cells, thus forming the “ disc tactil ” of Ranvier
or the “Tastplatte ” of Hesse. Neither theory seems
to us to answer to the facts of the case, since we find

Fig. 113.—Bundles of Non-striped Muscnlar Tissue surrounded by
Plexuses of Fine Nerve Fibres. (Handbook.)

that the branchlets of the axis cylinder terminate,
not in the touch cells, nor as the dise tactil, but with
minute swellings in the interstitial substance between
the touch cells, in a manner very similar to what is
the case in the conjunctival end-bulbs. According to
Merkel, single or small groups of touch cells occur in
the tissue of the papillze, and also in the epithelium,
in the skin of man and mammals,

157. In articulations—¢ g. the knee-joint of
the rabbit — Nicoladoni descnhed Numerous nerve
branches, frcm which fine nerve fibres are given off.
Some of these terminate in a network, others on
blood-vessels, and a third group enter Pacinian cor-
puscles. Krause described in the synovial membranes

L
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of the joints of the human fingers medullated nerve
fibres which end in peculiar tactile corpuscles, called
by him ““ articular nerve corpuscles.”

153, The merve bramnches supplying non-
striped muscular tissuwe are derived from the
sympathetic system. They are composed of non-

medullated hbma and the branches are invested
in an endothelial

sheath (perineu-
rium). The
branches divide
into single or
small groups of
axis  cylinders,
which  reunite
into a plexus—
the ground
plexus  of Ar-
nold. Bmall
fibres coming off
from the plexus
supply the in-
dividual bundles
of mnon - striped
muscle cells, and
they form a

e‘l

Fig. 114.—Termination of Nerves in Non-striped

Muscular Tissue. (Atlas.) ]J]EXI.IS called

i, Non-medullated ﬁlrrlf' of t:Iu'_;I inter ]'|1|:"|_1]l ary lf.](w; 1s; thf: T-'RﬁET?HEfE'!.fﬂTy
h, fine intermuscular fibrils ; ¢, nuclei of mus- hi =
cilar cells, VL lerus Fi

113). The fibres
Joining this plexus are smaller or larger bundles
of primitive fibrille ; in the nodes or the points
of meeting of these hhtes are found angular nuclei.
From the intermediate plexus pass off isolated or
small groups of primitive fibrillee, which pursue
their course in the interstitial substance between
the muscle cells; these are the ntermuscular
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Sibrels (Fig. 114).  According to Frankenhaiiser and
Arnold, they give off' finer fibrils, ending in the
nucleus (or nucleolus). According to Elischer, the
primitive fibrils terminate on the surface of the
nucleus with a minute swelling.

In many localities there are isolated ganglion cells
in connection with the intermusecular fibres.

159. The nerves of blood-vessels are derived
from the sympathetic, and they terminate in arteries
and veins in essentially the same way as in non-
striped muscular tissue, being chiefly present in those

e e it

Fig. 115.—Plexus of Fine Non-mednllated Nerve Fibres surrounding
Capillary Arteries in the Tongune of Frog, after staining with chloride
of gold. (Hondbook.)

a, Blood-vessel ; b, connective tissue corpuscles ; ¢, thick non-medullated fibres
d, plexus of fine nerve fihires.

parts (media) which contain the non-striped muscular
tissue. But there are also fine non-medullated nerve
fibres, which accompany capillary vessels—capillary
arteries and capillary veins—and in some places they
give off elementary fibrils, which form a plexus
around the vessel (Fig. 115). In some localities the
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vaseular nerve branches are provided with small
groups of ganglion cells.

160, In striped musele of man and mammals,
reptiles and insects, the termination of nerve fibres

Fig, 116.—Nerve-endings in Striped Muscular Fibres. (Kindly lént by
FProfessor Kithwe.)

A, In fresh muscular fibre of Lacerta, x 2¢2; B, in gold-stained muscular fibre
of lacerta, X £}%; ¢, in gold-stained muscular fibre of dog, x ps;
m, medullated nerve fibre; ¢, termination of axis cylinder underneath the
sarcolemma of the muscular Abre.

takes place, according to the commonly accepted view
of Kiihne, in the following manner (Fig. 116):—A
medullated nerve fibre, enclosed within a lamellated
sheath (Henle’s sheath) divides at a node of Ranvier,
each branch—a medullated nerve fibre—enters under a
variable angle a striped muscular fibre, the neurilemma
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becoming fused with the
sarcolemma, and the nerve
fibre, either at the point
of entrance or immediately
afterwards, loses its medul-
lary sheath, so that only the
axis eylinder, with its axi-
lemma, passes on, and then
forms on the surface of the
muscular substance a ter-
minal arborisation or den-
dron, which 1s called the
nerve endplate.  Fach axon,
on entering, gives off by
division several branches
like antlers; in amphibia
these branches are rodlike,
long, and of the form of
bayonets ; in mammals they
are crooked, hook-like, In
all instances, however, the
divisions are unsymmetri-
cal. In many cases the
arborisation of the endplate
is embedded in a granular
mass of protoplasm con-
taining oblong nuclei. This
nucleated protoplasm 1s
1dentical with the substance
of the sarcoglia, or the
sarcoplasm mentioned on a
former page. When the
muscular fibre contracts,
this endplate naturally as-
sumes the shape of a pro-
minence — Doyére’'s nerve
mount.  Each muscular

e T oy PV
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Fig. 117.—Muscle Spindle of the
rabbit treated with gold chlo-
ride. (Killiker, I1.)

n, Nerve fibre, terminating in the

middle part of the spindle as g
gpiral ending of fine fibrils,
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fibre has at least one nerve endplate, but ocea-
sionally has several in near proximity. Each end-
plate is generally supplied by one nerve fibre, some-
times, however, by two. The contraction wave
generally starts from the endplate. The musele

Fiz. 118.—Termination of Medullated Nerve Fibres in Tendon, near the
Insertion of the Striped Muscular Fibres. (Golgi.)

The nerve fibres terminate 1n pec uliﬁr arborising endplates of primitive
fibrillse

buds of Kolliker or muscle spindles of Kiihne
(mentioned on a former page) contain numerous
medullated nerve fibres with lamellated Henle's
sheath, and these nerve fibres terminate in the
same manner, namely, by means of nerve endplates
(Fig. 117). In these endplates the fine nerve fibres
have a spiral arrangement (Ruffini). These are con-
sidered to be sensory end-organs. According to Kol-
liker, from the primary nerve ending of the mother
fibre—i.e. of the undivided portion of the spindle—
grow out the nerve endings for the thin daughter
fibres.
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Besides this intra-muscular termination, there
is a plexus of fine nerve fibres, many of them
said to terminate with free ends, situated outside
the sarcolemma——i.c. intermuscular ; such free ends
are described by Beale, Kalliker, Krause, and
others. Kolliker and Arndt consider these intermus-
cular fibres
as sensory st S S R e
nerves, '

16]1. Ten-
domnsaresup-
plied with
special nerve
endings,
studied by
Sachs, Rol-
lett, Gempt,
Rauber, and

[utrtlculurly Fig. 119.—One of the Terminal Ramifications of the
5, [ ] - d . ¥ - =i Tid F Tl 5
(Julglj whose previous figure, more highly magnified.

L = i, Medullated nerve fibre; b, appavently reticulated
W Ulk on t‘h”’ endplate. (Folgi,)

subject 1s ex-

tensive. These terminations are most numerous near
the muscular insertion. They are of the follow-
ing kinds:—(a) A medullated nerve fibre branches
repeatedly, and the axis cylinder, after having lost
the medullary sheath, breaks up into a small plate
composed of a dendritic ramification of fine primi-
tive nerve fibrils (Fig. 118). Owing to the number of
the fibrillze and their repeated crossing, it is ditficult to
say whether the appearances as shown in Fig. 119 cor-
respond to a real network or to a dendron. This end-
plate is occasionally embedded in a granular-looking
material, and thereby a similar crgan as the nerve end-
plate in muscular fibres is produced (Fig. 119). (b) In
the tendons of man and many mammals Golgi has shown
that nerve fibres terminate in peculiar spindle-shaped
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Fig. 120.—Two Tendon Spindles of Golgi in the rabbit, showing the distri-
bution and spiral termination of the nerve fibres on the spindles. (After
Kollilker.)






CHAPTER X VI
THE SPINAL CORD.

162, Tue spinal cord is enveloped in three distinet
membranes. The outermost one 1s the dura mater.
This is composed of more or less distinet lamelle of
fibrous connective tissue with the flattened connective-
tissue cells and networks of elastic fibres. The outer
and inner surface of the dura mater is covered with a
layer of endothelial plates,

163. Next to the dura mater is the extremely
delicate arachnoid membrane. This also consists of
bundles of fibrous connective tissue. The outer
surface 1s smooth and covered with an endothelial
membrane facing the space existing between it and
the inner surface of the dura mater ; this space is the
subdural lyinph space.  The inner surface of the
arachnoidea is a fenestrated membrane of trabeculse
of fibrous connective tissue, covered on its free
surface—a.e. the one facing the sub-arachnoidal lymph
space—with an endothelium.

164. The innermost membrane is the pia mater.
Its matrix is fibrous connective tissue, and it is lined
on 1its outer surface with an endothelial membrane.
Also the inner surface facing the cord proper has an
endothelial lining, but this is not as complete and
continuous as that of 1ts outer surface. Between
the arachnoid and pia mater extends, from the fenes-
trated portion of the former, a spongy plexus of
trabeculsee of fibrous tissue, the suarfaces of the
trabecule being covered with endothelium. By this
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spongy tissue—the sub-arachnoidal tissue (Key and
Retzius)—the sub-arachnoidal space is subdivided into
a labyrinth of areolee. On each side of the cord,
between the anterior and posterior nerve roots,

Fig. 122, —Transverse section through the Cervieal Cord of a child, 2 years
old, showing well the anterior white commissure and the numerous
medullated fibres passing horizontally throngh the grey matter (eol-
laterals) from and to the white columns. (Weigert.)

Z, Tract of Goll ; B, tract of Burdach ; 1., tract of Lissauer.

extends a spongy fibrous tissue, called ligamentum
denticulatim, between the arachnoidea and pia. By
it the sub-arachnoidal space is subdivided into an
anterior and posterior division,

165. The subdural and sub-arachnoidal spaces do
not communicate with one another (Luschka, Key
and Retzius).
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The dura mater, as well as the arachnoid, sends
prolongations on to the nerve roots; and the sub-
dural and sub-arachnoidal spaces are continued into
the lymphaties of the peripheral nerves.

-

Fig. 123a.—Transverse section of the Spinal Cord in the Cervieal region:
{.U4-4'J'r-j}hfﬂ"”[,l'."”j-'h of Weigert-Pal specimen.)

P, E .., ostero-external column ; C. G., postero-median column or eslnmn of
Goll = P, the igssuing posterior root ; L. G, lateral column : A. F., Aanterior or
ventral fissure., The white matter i8 more deeply stained than the more
central grey.

All three membranes contain their own system of
blood-vessels and nerve fibres.

166. The cord itself (Fig. 122) consists of an outer
or cortical part composed of medullated nerve fibres :
the white matter, and an inner core of grey matter.

On a transverse section through the cord the

v
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contrast of colour between the white mantle and the
grey core is very conspicuous. The relation between
the white and grey matter differs in different parts ;
it gradually increases in favour of the former as we

Fig. 123p.—Section of the Spinal Cord in the Dorsal region.
(Microphofograph of @ Weigert-Pal specimen.)

Note the small amount of grey matter which project: Interally at level L. 1. to
form a lateral horn. Note, too,at the =ame level on the median side of the
poslerior horn a definite mass, forming Clarke’s columns. The lettering is
as in the section through cervical region.

ascend from the lumbar to the upper cervical portion
(Figs. 1234, 1238, 123c¢). The grey matter presents
in every transverse section through the cord more or
less the shape of a capital H ; the projections being the
anterior and posterior horns or cornua of grey matter,
and the cross-stroke being the grey -commaissure.
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In the centre of this grey commissure is a cylindrical
canal lined with a layer of columnar epithelial cells ;
this is the central canal ; the part of the grey commis-
sure in front of this canal is the anterior, the rest the
posterior, grey commissure. The shape of the whole
ficure of the grey matter differs in the different
regions, and this difference is brought about by the
breadth and thickness of the grey commissure as also
of the grey horns themselves. In a section through
the c,enlml region the grey commissure is long and
thin; in the dmml region it becomes *:hmtm and
thicker ; ; and in the ].ll‘lllhll region it is comparatively
very short and thick. Besides this, of course, the
relative proportions of grey and whltn matter, as
mentioned before, indicate the region from which the
particular part of the cord has been obtained. In the
lower cervical and lumbar regions where the nerves of
the brachial and sacral plexus leave or join the cord
respectively, this latter possesses a swelling, and the
arey matter is there increased in amount, the swelling
h{lmtr in fact due to an accumulation of grey mattm
W 1t11 which additional numbers of nerve fibres btcmne
connected ; but the general shape of the grey matter
18 retained.

167. The cornua of the grey matter are generally
thickest in the line of the grey commissure: they
become thinned out into anterior and posterior edges
respectively, which are so placed that they point
towards the antero-lateral and postero-lateral fissures.
The anterior horns arve in all parts thicker and project
less than the posterior, and therefore the latter reach
nearer to the surface, becoming attenuated and passing
into the posterior nerve roots.

There is generally a third projection of grey
matter—the lateral horn (see Fig. 123 B). This is,
however, conspicuous only in the upper two-thirds
of the thoracic cord,
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168. The white matter is composed chietly of
medullated nerve fibres running a longitudinal course,
and therefore, in a transverse section through the
cord, appear in cross-section. They are arranged into

Fig. 123c.—Section through the Spinal Cord in the Sacral region.
(Microphotograph of a We igert-Pal specimen. )
The lighter stained grey matter iz large in amount eompared with the darker
white matter. The tips of the posterior horns and around the central canal

are very lightly stained owing to the presence of much suhstantio gelatinos.
Many medullated fibres are seen traversing the anterior horns.

columns, one anterior, one lateral, and one posterior
column for each lateral half of the cord, the two
halves being separated by the anterior and posterior
median longitudinal fissure. The anterior median
fissure is a real fissure extending in a horizontal
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direction from the surface of the cord to near the
anterior grey commissure. It contains a prolongation
of the pia mater and in it large vascular trunks. The
posterior fissure is not in reality a space, but is filled
up by neuroglia. It extends as a continuous mass of
neumfﬂm in a horizontal direction from the p(}%termr
surface of the cord to the posterior grey commissure,
The exit of the anterior or motor nerve roots and
the entrance of the posterior or sensitive nerve roots
are indicated by the anferior lateral and posterior
lateral fissures respectively. These are not real fissures
in the same sense as the anterior median fissure, but
corre apm]{l more to the posterior median fissure,
being in reality filled up with neuroglia tissue, mtn
“hlch extends a continuation fu}m the pia mater
with large wvascular trunks. The white matter
between the anterior median and anterior lateral
fissure is the amnterior column, that between the
anterior lateral and posterior lateral fissure 1s the
lateral ecolwmn, and that between the posterior
lateral and posterior median fissure i1s the posterior
coluwmn.,

169. Besides the septa situated in the two lateral
fissures respectively, there are other smaller septa,
neuroglia and prolongations of the pia mater, which
pass in a horizontal and radiating direction into the
white matter of the columns, and these are thus sub-
divided into a number of smaller portions; one such
big septum is sometimes found corresponding to the
middle of the circumference of one half of the cord.
This is the median lateral fissure, and the lateral
column is subdivided by it into an anterior and
posterior division.

Similarly, the anterior and posterior columns may
be subdivided into a median and lateral division
(Figs. 123 A and 125).

170. Some of these various subdivisions bear
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definite names (Turk, Charcot, Goll, Flechsig,
Gowers) :—

-r -5 - - - - L] -

(@) The median division of the anterior column is

called the direct or uncrossed pyramaidal tract, being

BV

VG

Fig. 124.—Scheme of the subdivision of the White Colummns, (A4 fter
Fleschsig and Kahler, from Killiler, I1.)

P v, Direct pyramidal tract of anterior white column ; v G, ventral ground tract
of anterlor white column ; A 1., antero-lateral tract of lateral column., Gowers's
fract; 8 ®, remainder of antero-lateral part of lateral column ; K §, direct
cerebellar tract of lateral column; P s, crosged pyramidal tract of lateral
colomn; H G, tract of Burdach of posterior white column ; G, tract of Goll in
posterior column, Grey matter, grey commissure around central canal,
anterior and posterior roots left unshaded.

a continuation of that part of the anterior pyramidal
tract of the medulla oblongata (see below) that does
not decussate in the medulla.

(b) The lateral division ot the anterior column is
the ventral or anterior ground tract.

(¢) The direct cerebellar fasciculus or tract is the
superficial portion of the postero-lateral column ; it is

M
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a direet continuation of the white matter of the
cerebellum.

(d) The posterior division of the lateral column
inside the cerebellar fasciculus is ecalled the erossed

Fir. 125---Section of Spinal Cord, one half of which (left) shows the tracts
of the white matter ; and the other half (right) shows the grouping of
the ganglion cells in the grey matter (semidiagrammatic). (dfter
Sherrington, from Kirke's ** Physiology.”)

7. 10,9, and 3 are tracts of descending dezeneration; 1, 4, 6, and & of ascending
degeneration ; 1, tract of Goll; 2, tract of Burdach ; 3, comuna tract; 4, tract
of Liszauer ; all these belong to the posterior white column ; 6, direct cere-
bellar tract ; 7, crossed pyramidal tract ; 8, tract of Gowers ; 9, descending
antero-lateral trace ; 10, direct pyramidal tract,

pyranvidal fusciculus or tract, being a continuation
of the decussated part of the anterior pyramidal tract
of the medulla oblongata.

(¢) The lateral division of the posterior column,
with the exception of a small peripheral zone, is the
cuneiforin or cuneate fasciculus, ov the tract of
Burdach.
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This part 1s connected directly with the median
bundle of the posterior nerve roots, or rather by the
numerous collaterals passing off from the posterior
root fibres,

(/) The median division of the posterior column
18 called the fasciculus or tract of Goll.

(g) The tract or fasciculus of Lissauer (Fig. 125)
is a small mass of
white fibres situated
between the outer su-
perficial portion of the
tract of Burdach and
of the direct cerebellar
tract, and close to the
posterior lateral fis-
sure.

In addition to
thEEE, a Narrow mass Fig, 126.—From a transverse seetion

1 = through a most peripheral part of
of fibres in the depth  j "Wiite Matter of the Cord. (Atlas.)

of the tract of Bur-

¢, Special peripheral collection of neu-
dELEh, near the arey roglia ; w, white matter with the medul-

! lated nerve fibres shown in eross seetion,
comumissure, rep[-eﬁgnts and neuroglia between them.
a separate group, called
the comma-shaped tract : and the superficial mass of
white matter in the anterior half of the lateral column,
which is called the anferolateral ascending tract of
Gowers (see Fig. 124).

These various divisions can be traced from the
medullata oblongata into the cervical, and more or less
into the dorsal part of the cord; but farther down
many of them, like the direct cerebellar tract and the
tract of Goll, are lost as separate tracts, except the
crossed pyramidal fasciculus.

Experiments have been made which demonstrate
that these different tracts are physiologically of very
different character. According to a well-established
law—the Wallerian law—each nerve fibre has its
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nutritive centre in the ganglion cell with which 1t 1s
connected, and if a nerve fibre is cut, that part which
remains connected with the nutritive centre does not
degenerate, while that part severed from the centre
degenerates. Consequently, if by cutting the cord at

Fig. 127.—Stellate Neuroglia Cells of Golgi, with numerous ramifying pro-
cesses 3 from the cord of ox. (Killiker, I1.)

a particular level some fibres remain intact above the
section but degenerate below, they show descending
degeneration ; they have their nutritive centre above
the section and are probably efferent tibres. On the
other hand, those fibres which degenerate above, but
remain intact below the section, show ascending
degeneration ; they have their nutritive centre below
the section and are probably afferent fibres.

By means of Weigert's method it has been
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possible to show (Weigert) not only that the nerve
fibres constituting the white columns are grouped in
different tracts but that in the embryo they obtain
their medullary sheath at different but definite periods,
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Fig. 128.—Longitudinal section through the Lateral White Column of the
Cord of the Ox, showing the axis cylinders of the medullated nerve
fibres, numerous fine longitudinal and transverse fibrils of the neu-
roglia, and the stellate neuroglia cells of Golgi. (dAfter Kolliker, II.
Highly mognified.)

Now in this way it has been made probable that
the tracts marked in the figures in the above-named
divisions of the anterior and lateral ecolumns contain
partly efferent, partly afferent fibres, while almost
the whole of the fibres of the posterior columns are
afferent ; sec explanation of figures,
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171. Structure of the cord.—The most 1m-
portant and fundamental facts which have been
brought to light within recent years concerning the
intimate structure of the white and grey matter and
of the mutual relations of the different parts and the
different elements of the cord, the brain, the medulla,
and the sympathetic system, are due to various new
methods of histological examination, as also to the
*J-:pm*im{*nta] methods of section of the cord and nerve
roots in the living, and observing the after-effects as
exhibited by degeneration of nerve tracts. As regards
the lllhtﬂlﬂglt,ﬂl ]]l[‘thﬂdh, Weigert and Pal’s method of
staining medullated nerve fibres of the cord, Marchi’s
method of distinguishing between {hwenfmt{‘d and
healthy lnf-rhllthv{l 11111{"- and, above all, Golgi’s
silver method, by which nerve fibres and "‘ﬂl]""h[nll
cells can be i‘ﬂhll}‘ traced in their finest huuthatlmm,
have been the means of c-ppninrr up an almost new
field of accurate inquiry concerning all parts of the
central nervous system as well as of the special senses,
Golgi’s silver method has enabled himself, and, to a
very conspicuous degree, Ramon y Cajal and Kolliker,
to bring to light facts concerning the intimate strue-
ture of the central nervous system, the ganglia, and
the sense organs, which stand out in respect of
clearness and trustworthiness, Other histologists,
Lenhossek, Retzius, and others, have by this method
also been enabled to contribute important facts.

172. The ground substance (Fig. 126) of both
the white and grey matter—i.e. the stroma in
which nerve fibres, nerve cells, and blood-vessels are
embedded—is a peculiar kind of connective tissue,
which is called by Virchow wneuroglia and by
Kiolliker supporting tissue. It consists of three
different kinds of elements: (¢) a homogeneous trans-
parent semi-fluid matriz, which in hardened sections
appears more or less granular; (4) a network of very
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delicate fibrils—unewroglia fibrils—which are similar
in some respects, but not quite identical with elastic
fibres. In the columms of the white matter the
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Fig. 120.—Cross-section of the cenfral part of the Spinal Cord from the
Lumbar region of an Adult, showing the central eanal, its lining epithe-
lium surrounded by neuroglia, forming the central grey nucleus.

(After Schdfer.)

f.a., Anterior median fissure ; p.m. c., posterior white column ; a, ., anterior
white commisgure,

fibrils extend chiefly in a longitudinal direction, in
the grey matter they extend uniformly in all
directions, and in the septa between the columns
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they extend for the most part radially. (¢) Richly
branched nucleated cells intimately woven into the
network of neuroglia fibrils. These cells are the
newroqlia cells or glia cells. Golgi was the first to
show that though richly branched they do not anasto-
mose with one another. The greater the amount of

Fig. 1304, —Cross-section throngh Fig. 1308.—Ciliated Epithe-
central canal of the cord, linm lining the central
showing the lining epithe- ecanal of the cord in a
linin, from a child of six. child of six, more highly
(After Schifer.) magnified than in Fig.

130a. (Ajfter Schafer.)

neuroglia in a particular part of the white or grey
matter, the more numerous are these three elements
(Figs. 127 and 128).

In both the white and grey matter the neuroglia
has a very unequal distribution ; but there are certain
definite places in which there is always a considerable
amount—a collection, as it were, of neuroglia tissue.
These places are: (@) underneath the pia mater—
ie. on the outer surface of the white matter : here
most of the neuroglia fibrils have a horizontal
direction ; near the grey matter there is a greater
amount of neuroglia between the nerve fibres of the
white matter than in the middle parts of this latter;

in the septa between the columns and between the
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divisions of colummns of white matter ; at the exit of
the anterior and the entrance of the posterior nerve
roots.

(b) A considerable accumulation of neuroglia is
present immediately around the epithelium lining the

Fig. 131.—Central Canal of the Cord of a Child, 1} year old ; the cells of
ependyma are well shown, with their long filamentous processes.
(Kdlliker, I1.)

central canal ; this mass is cylindrical, and is called
the central grey nucleus of Killiker (Fig. 129). The
epithelial cells lining the central canal are conical,
their bases facing the canal, their pointed extremity
being drawn out into a fine filament intimately inter-
woven with the network of neuroglia fibrils. In the
embryo and young state (Figs. 130a and 1308B), the
free base of the epithelial cells has a bundle of cilia, but
in the adult they are lost amongst the epithelial cells
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lining the central canal ; some show in preparations
stained after Golgi’s method processes of extreme
length (Fig. 131).

(¢) Another considerable accumulation of neuroglia
exists near the dorsal end of the posterior grey horns,
as the substantia gelatinosa of Rolando.

173. The white matter (Fig. 132)is composed,
besides neuroglia, of medullated nerve fibres varying
very much in diameter, and forming the essential and
chief part of it. They
possess an axis cy-
linder and a thick
medullary sheath
more or less lamin-
ated, but are devoid
of a neurilemma and
its corpuscles. Of
course, no nodes of
Ranvier are observ-
able. In specimens

y of white matter of
Fig. 132.—From a transverse section o et
elhrr;ugh the White Matter of the Cord. the posterior LS

Showing the transversely-cat medullated nerve lumns, 1‘-‘1]&1‘& t]lE
[} =, b oeli b e 3 ri - -
fibres, the nenroglia hetween them with nerve ﬁ]JI‘EE ha‘E

two hranched neuroelia cells. (Atlas)

, been isolated by teas-
ing after hardening, many fine*medullated fibres are
met with which show the varicoseappearance mentioned
in a former chapter. The medullated nerve fibres,
or rather the matrix of their medullary sheath, con-
tains neurokeratin.  The nerve fibres of the white
matter run chiefly in a longitudinal direction, and
they are separated from one another by the neuroglia.
Here and there in the columns of white matter are
seen connective-tissue septa with vessels, by which
the nerve fibres are grouped more or less distinetly
in divisions.

174. Although most of the nerve fibres con-
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stituting the columns of white matter are of a
longitudinal direction—i.e. passing upwards or down-
wards between the grey matter of the cord on the one
hand and the brain and medulla oblongata on the
other—there are mnevertheless a good many medul-
lated nerve fibres and groups of nerve fibres which
have an oblique or even horizontal course.

Thus : (1) The anterior median fissure does not reach
the anterior grey commissure, for between its bottom
and the latter there is the white commassure (see Fig.
129). This consists of bundles of medullated nerve-
fibres passing in a horizontal or slightly oblique
manner chiefly between the grey matter of the anterior
horn of one side and the anterior white column, in-
cluding the direct pyramidal tract, of the opposite side.

This anterior white commissure is in respect of
position a continuation of the decussation of the
pyramidal tract in the lower part of the medulla
oblongata. As mentioned above, this latter passes
down the cord as the crossed pyramidal tract in the
inner part of the postero-lateral column. From this
1t follows that the fibres of the pyramidal tract of the
medulla ultimately all cross over to the opposite side
of the cord. The majority do this in the pyramidal
decussation of the medulla, the minority descend in
the cord as the direct pyramidal tract, but its fibres
gradually along the cord cross over by the anterior
white commissure.

(2) The medullated nerve fibres constituting the
anterior roots of the spinal nerves leave the cord at
and about the antero-lateral fissure; the fibres pass
mostly in a somewhat oblique, some also in a hori-
zontal direction through the white matter of the cord,
and each of them originates, some sooner, some later,
as the axon or axis cylinder process of a ganglion
cell of the anterior grey horn. This is the fate of
most of the anterior root fibres—that is to say, they are
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primarily the axons of ganglion cells of the anterior
grey horn of the same side; this axon becomes
invested with a medullary sheath, and as an efferent
medullated nerve fibre passes out through the anterior
nerve roots. It is, however, probable that some of
these fibres are axis-cylinder processes or axgns of
ganglion cells of the anterior horn of the opposite
side, and as such pass through the anterior commis-
sure, while a small number of anterior root fibres can
be traced into the posterior grey horn, where they are
evolved as the axis cylinder or axon of a ganglion
cell of this part of the grey matter.

As will be mentioned presently, the grey matter
of the cord contains, in the dorsal or thoracic portion
(between the seventh cervical and second or third
lumbar nerve), a special column of ganglion cells—
Clarke’s column ; the axon of some of these cells
appears to pass through the anterior grey horn to
Join the anterior root fibres.

But according to Flechsig, with whom Kailliker
agrees, the axons of most of the ganglion cells of
Clarke’s column pass in a horizontal direction from
the grey matter into the lateral white column, where
they pursue their course as longitudinal fibres towards
the cerebellum, thus forming the fibres of the direct
cerebellar tract,

(3) The posterior roots. The medullated nerve
fibres constituting the posterior roots are branches of
the axis-cylinder process of the ganglionic cells of the
spinal ganglion ; they enter the cord as small bundles
by the postero-lateral fissure, between the lateral and
posterior columns of white matter, in a slightly
slanting direction, and at the same time turned more
towards the posterior column of white matter. Now
the fibres of the posterior roots may be roughly
grouped into a lateral and median bunale, the former
containing predominantly fine medullated fibres, the
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latter predominantly larger medullated fibres ; the
former as well as the ]ﬂ..LtLl" after their entry ltlt[} the
cord, sooner or later {]1?1{1{*, each imto an ascending
and a descending medullated fibre. The ascending
and descending fibres resulting from the division of
the fibres of. the lateral bundle form part of and
pursue their longitudinal course in that portion of the
posterior white colurmm which lies next to the posterior
orey horn and the lateral white column, and which
is known as Lissauer’s tract or Lissauer’s bundle (see
Fig. 122). The ascending and descending medullated
fibres resulting from the division of the fibres of the
median bundle also following a longitudinal course
are distributed principally over, and form part of, the
white matter of the posterior columns (Burdach’s and
Goll’s tract). Some of these tibres are said, however,
to enter directly into the grey matter of the posterior
horn and to terminate there,

(4) All medullated fibres constituting the different
columns of white matter and descending or ascending
respectively in the cord send out at numerous levels
horizontal fibres which enter or pass out from the
grey matter. The discovery of these fibres by Golgi
and Ramdén y Cajal by means of the silver method
constitutes a fundamental advance in our knowledge
of the minute anatomy and physiology of the cord.
These horizontal fibres which branch off from, or join
respectively, the fibres constituting the different tracts
of the white matter are called collaterals (see Figs.
122 and 123 c¢). The collaterals give off branches
themselves. By means of the collaterals and their
branches numerous connections are formed between
the longitudinal fibres of the white columns on the
one hand and the grey matter on the other. The
collaterals terminate, or originate respectively, near
and around nerve cells in all parts of the grey matter
by means of arborisations or dendrons (Fig. 133).
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175. As mentioned just now, collaterals are not
limited to any one tract of the white columns,and are
not limited to any particular level, but are given off

Fig. 133.—Collaterals passing from fibres of
posterior column into the grey matter, and
terminating at & by dendrons. From the cord
of a newly-born child, (Ajfter Kolliker, 11.)

or pass into re-
spectively the
longitudinalfibres
constituting the
white columns in
general and at
every level
through which
sections of the
cord are made.
Figs. 122and 123c
cgive a good re-
presentation  of
these facts.
Following,
then, the longi-
tudinal  medul-
lated fibres con-
stituting ~ those
tracts of white
matter, which
were described
above as descend-
ing fibres (show-
ing descending de-
generation) — e.g.
the direct pyra-
midal tract, the
crossed pyramidal
tract, the Iinner
portion of the an-

terior part of the lateral column—it is seen that
at many points each sends out horizontal colla-
terals which enter the grey matter and terminate
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there as arborisations or dendrons close to, or around,
ganglion cells ; and similarly the longitudinal medul-
lated fibres constituting those tracts of white matter
spoken of above as ascending tracts—e.g. the tract of
Goll, of Burdach, of Lissauer, the direct cerebellar
tract and the superficial parts of the anterior portion
of the lateral column (Gowers’s tract)—are connected,
brought into relation, by means of collaterals and
their dendrons, with the grey matter and with the
cganglion cells sitnated in the latter. The bundles of
fine nerve fibres, so censpicuous in every horizontal
section, passing in a horizontal manner from the
posterior columns through and around the substantia
gelatinosa of Rolando of the posterior grey horn, are
bundles of collaterals given oftf by the longitudinal
fibres of the posterior columns.

176. The grey matter of the cord contains the
same kind of neuroglia as the white matter—viz. neu-
roglia fibres and neuroglia cells; the fibres do not,
however, form longitudinal networks as in the white
matter—due to the peculiar (longitudinal) arrange-
ment of the nerve fibres—but are distributed more or
less as a uniform network ; every section, therefore,
be it longitudinal or transverse, shows the gha fibrils
cut transversely, obliquely and longitudinally. The
alia cells are the same in size and in their numerous
branched processes as in the white matter.

In this matrix of neuroglia are embedded nerve
cells or ganglion cells and nerve fibres and their
ramifications. The ganglion cells are all possessed of
several processes, and are therefore multipolar ; they
differ in respect (a) of position, (b) of size, (¢) of
the structure, distribution and connections of their
processes.

177. (2) im respect of position, the nerve cells
form groups and aggregations which, in the longitu-
dinal axis of the grey matter, are more or less
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discontinuous, so that to each particular spinal nerve
or segment corresponds a more or less separate mass,
The following groups can be distinguished on each
side (Fig. 125) :—

(1) The ventro-lateral group, situated in that part
of the anterior cornu which is in contact with the
ventral portion of the lateral column ;

(2) The dorso-lateral group, also situated laterally
in the anterior cornu immediately behind or dorsally
to the first-named group ;

(3) The wentro-median group, situated in the
foremost portion of the anterior cornu where this is
in contact with the anterior column ;

(4) The dorso-median group, immediﬂ.tely behind
the former—i.e. next the anterior white commissure,

(9) As mentioned above, that portion of the grey
matter which projects laterally between the anterior
and posterior cornu of each side and about midway
(Figs. 122 and 125)—a.e. the lateral corinu—contains
in the upper two-thirds of the thoracic cord groups of
ganglion cells which represent the cells of the lateral
horn, but they are present only as scattered ganglion
cells in the corresponding portion of the grey matter
above and below the proper lateral horn (W aldEyer)

(6) Thronghout the thoracic cord there is present
a thUllEpiCl}DlL‘i group of ganglion cells, which group 1s
in cross-section of a rounded or oval shape ; this i1s the
posterior vesicular column of Clarke or Stilling’s group,
and is situated at about the same level as the group
of cells in the lateral horn ; but while this latter is
lateral, the column of Clarke is situated medially,
and it has to be added that it really belongs more
to the base of the posterior cornu. These two groups
5 and 6 belong therefore to the middle region of the
grey matter.

(7) The posterior cornu contains in all parts
only scattered cells not definitely grouped, like those
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mentioned in the anterior cornu and the middle
region of the grey matter. Also in the substantia
gelatinosa of Rolando occur solitary ganglion cells.
Amongst the cells of the posterior cornu the so-
called marginal cells of Waldeyer and Lissauer
deserve special mention; they are situated at the
margin of the posterior horn, or rather of the sub-
stantia gelatinosa, where this is in contact with the
dorsal and lateral columns of white matter. The
marginal cells are long and spindle-shaped and
different from most other cells of the posterior cornu
in their being possessed of a distinet axon or axis-
cylinder process.

178. (h) In respect of size the ganglion cells
show considerable differences; the biggest cells are
those of the anterior cornu mentioned as groups I,
2, and 3 ; the cells of these groups measure about
70—130p in diameter ; while those of group 4, dorso-
median group of the anterior horn, are considerably
smaller, 30—80 u; between these two sizes are the
cells of the lateral horn and of Clarke’s column,
while those of the posterior cornu, with few
exceptions, are comparatively small cells,

179. (¢) Im respeect of structure ecach gan-
glion cell possesses a vesicular nucleus with a promi-
nent nucleolus, and the substance of the cell is in all
cases, when examined in the fresh state or in suitably
prepared specimens, of the nature of a more or less
fibrillated substance, between which a finely granular
matrix can be recognised (M. Schultze). The fibrillze
are grouped in bundles, and appear continuous and
radiating from around the nucleus towards and into
the fibrillated processes; around the nucleus the
fibrillee appear more or less concentrically arranged.
In the anterior cornu the ganglion cells contain
~ normally pigment granules grouped near and around
the nucleus (Klénne and Miiller) (see Fig. 134).

N
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Between the fibrillee constituting the substance
of the ganglion cells are found masses of granules
(distinct from the just-mentioned pigment) which
take the stains well : these are the chromatic granules

of Nissl. In some ganglion cells they are distinct

Fiz 134,—Section through the Lower Lumbar Cord of Man. After a pre-
paration of Klonne and M.iller in Berlin, (Kolliker, 11.)

W, White lateral column in cross-section; 6, grey matter of anterior horn,
showing ganglion cells with pigment granules, and many medullated nerve
hres,

and conspicuous, in others less so. The presence of
these chromatic granules indicates, it 1s suggested, a
phase or phases of normal activity of the ganglion
cells, whereas their disappearance and absence cor-
responds to a pathological state of diminished or
abnormal function.

180. The most 1important differences, however,
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are noticed on the ganglion cells with regard to the
nature and connections of their processes,

As mentioned on a previous page, all ganglion
cells of the cord are multipolar ; amongst the processes

I

Fig. 135.—Isolated Ganglion Cell of the Anterior Horn of the Human
Cord. (frerlach, in Stricker's ** Manual of Histology,'")

@, Axis cylinder process: b, pizment. The branched dendrites of the ganglion

EEII break ap into the fine arborisation shown in the upper part of the
gure. :

immto which the substance of the cells is. continued
there is one, occasionally two, which become sooner
or later the axis cylinder of a medullated nerve
fibre ; this is the axon or neuraxon of the ganglion
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cell (Fig. 135). Such an axon is seen to come off
from each of the ganglion cells of the anterior cornu

\

Fig. 136, —Isolated Multipolar Ganglion Cell of the Grey Matter of
the Cord. (Gerlech, in Stricker’s Manual,)
The dendritically-branched processes (dendrites) break up into. the fine

arborisation into which is seen to pass a fine nerve fibre and its ramifica=
tion derived from a posterior nerve root fibre.

and of Clarke’s column, and of some cells in the
posterior cornu. The axon of most of the anterior
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cells is continued as the axis-cylinder process of a
medullated nerve fibre passing out as an anterior
root fibre. The axon of other cells in the anterior
cornu, as also to a lesser extent of the posterior
cornu (including those of the substantia gelatinosa),
does not, however, pass into anterior root fibres, but
becomes the axon of longitudinal medullated nerve
fibres forming part of the lateral, and to a lesser
extent the anterior, columns of white matter.

These 1mp-::ut4nt facts were discovered by Golgi
and Rémén y Cajal, and were confirmed by Kolliker.
According to Golgi and Ramén y Cajal, axis-cylinder
processes or axons of ganglion cells from all parts of
the grey matter may pass into the anterior commissure.

Cells of this character—i.e. possessing axons
which pass as longitudinal medullated fibres into the
white columns—are Killiker's © 7'ract cells.”

181. Another very striking fact discovered by Golgi
and by Ramdn y Cajal is this : that the axon of the
ganglion cells ramifies. In some, like those cells of
the anterior cornu, whose axon passes into an anterior
root fibre, the axon for some distance gives off few
or no branches (Golgi’s group A). In other cells, like
those of the posterior cornu, the axon is much
branched and its fibres are lost in the grey matter
(Group B). The former are considered by Golgi as
motor, the latter as sensory cells.

Besides the axon, all ganglion cells in all parts of
the grey matter possess more or less numerous pro-
cesses which, owing to their rich and dendritic
branching and their distinctly fibrillated nature, are
the protoplasmic or branched processes, or the den-
drites (Fig. 136). In the cells of the anterior cornu, in
those of Clarke’s column and of the lateral horn, the
dendrites are numerous and distinctly arborescent ;
they areless numerous in thecells of the posteriorcornu ;
thicker branches give off laterally smaller branches,
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which by continued ramification become greatly attenu-
ated and ultimately resolve themselves into arbores-
cent terminations or dendrons (Fig. 136).

While the dendrites and their terminal dendrons
of most of the ganglion cells are distributed in the
grey matter, Golgl has proved that of some cells
some of the dendrites pass into and are distributed
amongst the nerve fibres of the white columns, a

Fig. 137.—From the Lateral Horn of the Cervieal Cond of the Ox. Highly
magnified. (Kaolliler, I1.)

#, Lateral colomn of white matter in cross-section; F, fine dendrites of the
gauglion cells penetrating into the white column.

fact which Kolliker has emphasised, and which par-
ticularly holds good for the cells of the lateral horn
in the cervical cord of the ox. (Fig. 137.)

132. Besides the ganglion cells, their axons, den-
drites and dendrens, the grey matter contains nerve
fibres of a difterent origin and connection. As
mentioned on a former page collaterals of longitu-
dinal fibres of all white tracts enter, or pass out
respectively from the grey matter ;: here they ramify
and terminate by arborisations or dendrons, which
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are either intermingling with, or surrounding the
arborising dendrons of the dendrites of ganglion cells
or surround the body of the ganglion cells. Owing to
the great number of such collaterals, as mentioned
on a former page,
their arborisations
or dendrons form a
considerable  por-
tion of the grey
matter.
Sherringtonsug-
gests the term of
synapsis (gvy and
(rrw) as indicating
the contiguous but
not continuous re-
lation of the arbo-
rising terminations
of axons surround-
ing the arborising
dendrites or the
body of a ganglion
cell. Such synapsis
would then occur
everywhere in the
central nervous sys-
tem (cord, brain,
Siedolls, * sympa- .00 St Emadgct e o
thetic ganglia, re- view. (Killiker, IL)
etc.) where sy, Ganglion cell of a spinal ganglion: s, sen-

tina,
: . gory [bre coming from the periphery; sth,
neuraxons and their {1irlfsiun of a posterior root fibre into sa, an

ascending and descending fibre ; s ¢, collaterals
GO"HtEl‘a}E of a near of same passing to motor gangllqﬁ cells, m ;

. . m w, motor (anterior) root fibres being axons of
or distant ganglion gnterior nerve cells.

cell arborise (ter-

minate) around dendrites or the cell body of a
ganglion cell.

A second, also considerable, portion of the grey




200 ErLEmenNTts o Hrisrorocy.

matter is made up of dendrons, the developing fibres
of which are mnot collaterals but are direct con-
tinuations of longitudinal fibres of the white columns;
thus the descending branches of posterior root fibres
terminate in this way in the grey matter, many of
the main fibres of the

v - anterior and particularly
i the lateral columns pass
| into or pass from the grey
| ! [ matter, and after a shorter
it ---;i-_?w or longer course, either on
the same side or after
X il crossing through the an-

| / il terior or posterior com-
m ~ missure terminate as den-

\/ | drons around ganglion

| W s cells or intermingle with
YV L | the arborisations of den-
N7 w drites of ganglion cells.

The manner of the most

I probable connections and

m ' actions of the grey matter
. W

of the cord are illus-
L trated by the accom-
Fig. 137e.—Scheme of the Con- ].HLH}'iﬂg t]iagra.mﬁ (Flg‘:

duetion of Impulses in Volun- = i
tary Movement. (Kalliker, IL)  137A and 137B), copied

" et inthe cord: thecetibrostd  trom Kolliker.
Crossed (pyramidal Ccrossing) in ' 1 =
A S oy S Bl i
in the grey matter n:f lh_tf cord ; ; gy Ak 3 Lt
ok i he cona coreaamical . Weigert, and its modifi-

SRR i b P (0 whic
motor (anterior) roots. the llli_.l_ll]“{l-l}? sheath of
nerve fibres is stained),

it was unknown that the grey matter of the cord
contains medullated nerve fibres to any large extent.
By the above methods, if successfully applied to the

examination of suitably stained sections of the cord,
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it is shown that the grey matter contains a really
astonishing number of medullated nerve fibres, run-
ning singly or in small bundles, horizontally and
obliquely. All the above collaterals, as also the
continuations of the fibres passing from the white
columns into the grey matter, or wice wersd, are
medullated fibres (see Figs. 122 and 1234).

183. The large vascular branches enter the white
matter of the cord from, or pass out by way of the pia
mater, being invested in neuroglia continuous with
the tissue of the pia mater. By continued division
they resolve themselves into fine branches, which pass
into, or pass from, the network of capillaries.

The capillaries are more abundant and form a
more uniform network in the grey than in the
white matter. In the latter most of them have a
course parallel to the nerve fibres, 7.c. longitudinally.
The blood-vessels and the ganglion cells are ensheathed
in lymph spaces (perivascular and pericellular spaces).
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CHAPTER XVIL
THE MEDULLA OBLONGATA OR SPINAL BULB,

184. As the cervical portion of the spinal cord
passes into the medulla oblongata its parts alter in
position and relation. It is possible, to a large
extent, to recognise in the bulb, regions which
correspond to ditferent areas of the cord. Many of
the cord areas are, however, lost in the bulb, and on
the other hand, many new areas appear.

185. The anterior or ventral fissure is continued
as far as the bulb extends. The posterior or dorsal
fissure of the cord is also continued for a certain
distance along the medulla, but this widens out in the
upper part of the bulb into the lower end of the fouwrth
ventricle.  The line of origin of the anterior roots of
the spinal cord is continued into the medulla, being
marked out by the exit of the roots of the hypoglossal
nerve. In the upper portion of the medulla this line
of origin develops into a marked fissure. The shallow
groove existing dorsally between the postero-median
and postero-external columns of the cord is even better
marked in the bulb, and divides the funiculus gracilis
(median) from the funriculus cuneatus (external).
The postero-lateral groove into which the posterior
roots pass to the cord is continued up as the external
boundary of the funiculus cuneatus and the internal
boundary of yet another longitudinal projection,
leading up to a prominence, the tubercle of Rolando.
In the upper portion of the cervical cord there project
from the lateral columns the roots of the spinal
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accessory nerve. The line of origin of these roots is
coutinued up along the lateral surface of the bulb and
there arise successively along this line the roots of

s

TR -

Fig, 138.—Section throngh the Lower End of the Pyramidal Deeussation.
The section is slightly distorted. (Microphotograph of section stained
with aniline blue-black:.)

A. F., Anterior or ventral fizzure lying obliquely on accountiof fibres passing from
crossed pyramidal tract on lefr side to anterior column on right ; P.¥., p0S-
terior fissure ; I. ¥, corresponds to septum between Goll's column and PosLero-
external column ; p. i, posterior root of first cervical nerve ; on the left side
at level A.H. the anterior horn ig separated from rest of grey matter. The

substantia gelatinosa at tip of posterior horn is increased, and the angle
between the posterior horns is greater than below,

the spinal accessory, the wvagus, and the glosso-
pharyngeal. At the junction of the bulb with the
pons the seventh nerve passes out in the same line, and
passing through the substances of the pons the fifth
nerve possesses a corresponding origin.
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186. 1t will be found most convenient in order
to determine the relation of the different regions in
the bulb with those of the cord, to examine the
appearances presented by successive sections of the

Fig. 139.—Section through the Upper Part of the Pyramidal Decussation
in the Mednlla Oblongata. (Microphofograph of a Weigerl-Pal specimen.)

A. F., Remains of anterior fissure; the dark mass immediately above consists
of the decussating pyramidal fibres; at the level A H. is a lizht mass on
either side representing the remains of anterior horn; at the level ¢.c. in
the middle line is the grey matter round the central capal; the posterior

nuclei are not clearly distinguishable,

bulb, cut in a dorso-ventral direction, and com-
mencing at a level immediately above the cervical
spinal cord.

187. The region of the pyramidal decus-
sation (Figs. 138 and 139).—1In this region the fibres
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of the crossed pyramidal tract, lying in the dorso-lateral
portion of the cord, take on an oblique course and,
passing across the middle line, again resume vheir direct
course in what would correspond in the cord to the

Fig. 140.—Section through the Medulla Oblongata at the level of the
Sensory Decussation. (Photograph of @ Weigert-Pal specinen. )

The section has not involved the olives; the pyramids are completely formed

and project at p, and extend inwards as far as the level M, meeting in the

middle line. At level of ¢.c. on middle line 15 the central eanal, and ata

short distance from this are seen numerous fibres arching round and decns-

sating on middle line at level 5.p.; K, lies between funiculi gracilis and
cuneatus,

anterior or ventral column. In their passage across to
the other side of the medulla these fibres separate oft
the head of the anterior horn so that the grey matter
of the caput lies in the anterior area disconnected
from the main mass of the grey matter. The angle
formed by the median boundaries of the two posterior
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horns increases very considerably, so that these horns
come to lie more transversely across each half of the
medulla than was the case in the cord. There
{Ierelﬂp also from this inner margin of the posterior
horns, in the upper part of the py ramidal decussation,
certain protuberances of grey matter ; a median mass
projecting into the funiculus gracilis and known as the
niteleus of the funiculus gracilis and a more externally
situated mass, projecting into the funiculus cuneatus,
and known as the nuclews of the funiculus cuneatus.
The substantia gelatinosa at the tip of the posterior
horn also becomes more conspicuous and causes the
medulla to project in this region, forming the funiculus
of Rolando. Higher up this projection becomes even
more conspicuous and is known as the tubercle of
Rolando. In the region of the pyramidal decussation
the substantia ure]dtumf-ft of Rolando 1s separated from
the surface by a longitudinal mass of medullated fibres
which pass to the origin of the fifth nerve. This mass
of fibres is spoken of as the ascending root of the
Jifth nerve.

188, The region between the upper end
of the pyramidal decussation and the
commencement of the olives (Fig. 140).—1In
this region the central canal is seen to lie more
posteriorly corresponding to its gradual approach
towards the posterior surface. The pyramids oc-
cupy well defined positions on the ventral side
of the bulb immediately abutting on the anterior
fissure and bounded laterally by the fibres of the
hypogiossal nerve coursing from the nucleus of the
twelfth, across the medulla. There is to be seen lying
in the lateml region between the substantia gelatinosa
of Rolando and the fibres of the tw elfth, a mass of
cells, which correspond to some extent to the more
dorsal portion of the separated anterior horn, but
which in part is to be regarded as a new formation.
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This mass of cells is spoken of as the lateral
nuclews. It is to be noticed that the posterior white
matter is gradually undergoing absorption, being
invaded ln the grey matter of the cﬂrrpﬂpﬂndm"
nuclei.  The grey matter of these nuclei gradually
becomes more mmLed the nucleus of the funiculus
gracilis early abbmhmg the white matter of the
column and lying quite close to the surface. The
nucleus of the funiculus cuncatus lies rather more
deeply, but is gradually invading the white substance.
The central portion of the medulla becomes broken
up, and fibres are seen passing in an arched manner
from the nucleus gracilis mainly, and, to some extent,
from the nucleus cuneatus towards the middle line.
These arched fibres on reaching the middle line,
for the most part bend longitudinally, and thus form
a mass of fibres lying dorsal to the pyramids, and
spoken of, higher up, as the inter-olivary layer. This
decussation of fibres passing from the gracile and
cuneate nuclei is sometimes referred to as the superior
or sensory decussatior.

180, The region of the lower portion of
the olives (Fig. 141).—A few millimetres higher up
than the last section the olives are seen to be distinctly
formed, though they have not reached their greatest size
and though the central canal is still closed. The central
canal has at this level approached yet more closely to
the posterior surface. Each lateral half of the bulb
may be more or less distinctly marked off into three
areas : a median area lying between the middle line
and the roots of the twelfth nerve as they course across
the bulb from the hypoglossal nucleus ; a lateral area,
lying between the roots of the twelfth and those of the
eleventh, which issue more laterally ; and an area,
postewﬂr to the eleventh roots, which may be called
the posterior area. The lateral nucleus lies in the
dorsal portion of the lateral area. The main
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mass of the olive lies in the ventral portion
of the lateral area, but two additional masses,

Fig. 141.—Section throngh the Medulla Oblongata at level of comnence-
ment of Olives. (Microphotograph of o specimen stained with aniline
Frerﬂ- M.{F{".i‘.,'_}

The central canal i= not vet opened ont, sand is at level of ¥.%5. A, ; the posterior
grey matter i= arranged in three masses, ¥, 6., nucleus gracilizs, ¥.c., nucleus
cuneatns, and 5. G.. the substantia gelatinosa of HRolando: with respect to
erey matter round central eanal, that at level x. 8 A, has cells forming
nuclei of the X1, that at level x. H. forming nuclei of X11: Xr is placed
against the line of i=sue of the =pinal accessory, X11 against hypoglossal ;
the grey matier lving slightly beneath surface at level L.x. is the lateral
nuclens: o, i8 at level of the twisted dark band, the olive ; the large light
areag at level of ¥ are the pyramids ; the area moredorsal at level & F. is the
reticular formation, in the middle line of which is the raphe (above A F.\

similar in structure to the olive, may also be
seen, one lying in the lateral area, dorsal to the
main olive, known as the dorsal accessory olive,
and the other lying in the median area, separated
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from the main olive by the roots of the hypoglossal
nerve and known as the mesial accessory olive. The
more central portion of the section is seen to be
broken up by fibres passing horizontally, sepcuﬂtinrr
others which are proceeding longitudinally ; and ye

other strands are to be noticed intersecting both {}t
these. Nerve cells are scattered through this area,
and more conspicuously in its lateral portions, and
these nerve cells with attendant neuroglia may be
regarded as representing the much diffused grey
matter of the ventral horn which was separated by
the decussation of the pyramidal fibres. This broken
tissue 1s spoken of as the reticular formation, the more
iateral portion, which appears darker on account of the
nerve cells being more numerous, being referred to as
the grey reticular formation, and the central part as the
white reticular formation. In the middle line, where
the reticular formations of either side are continuous,
the decussation of the fibres coursing transversely, and
the presence of many fibres running in a dorso-ventral
direction, give a somewhat peculiar appearance to
the reticular region. The narrow intermediate band
is called the raphe, and it contains a larger proportion
of nerve cells than the remainder of the median
reticular formation. The lateral nucleus is still
prominent at this level, the substantia gelatinosa
of Rolando and the ascending root of the fifth are
also seen. This latter is gradually becoming separated
from the surface by a band of fibres running longi-
tudinally but somewhat obliquely which represents
the commencement of the restiform body or inferior
peduncle of the cerebellum. The longitudinal fibres
lying outside the lateral nucleus represent the upward
continuation of the direct cerebellar tract and these
fibres gradually pass into the restiform body. Fibres
are seen proceeding in a ventral direction from
the raphe, originating in part from cells of the raphe

O
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but having some connection probably with the nuclei
gracilis and cuneatus, and these fibres passing from
the anterior fissure encircle the pyramids and olives
and pass towards the commencing restiform bodies.
These fibres are spoken of as external arcuate fibres.
There is to be seen at about this level for the first
time a somewhat compact bundle of longitudinal fibres
lying between the central canal and the substantia
gelatinosa, though considerably nearer the former.
This bundle is surrounded by grey matter, with
the cells of which the fibres are connected. The
fibres of the bundle mainly pass out with the roots
of the glossopharyngeal nerve and it therefore Lias been
called the ascending vroot of the glossopharyngeal ;
the names fasciculus solitarius and respiratory bundle
are sometimes applied to the same tract. In addition
to the nerve cells already referred to other important
masses of cells are now to be seen distinctly. (a) Z%e
nwecleus of the twelfth nerve. This consists of a group
of nerve cells representing, probably, the most dorsal
portion of the separated anterior horn, lying slightly
ventral to the central canal. The cells are multipolar
and vary in size from 40-70p, and the neuraxons of
these cells, after a somewhat irregular course, become
the fibres of the hypoglossal nerve. The fibres on each
side pass in a ventro-lateral direction across each half
of the medulla and issue from the groove lying
immediately lateral to the pyramids. (b) 7%e nucleus
of the eleventh wmerve. It must be noted that the
eleventh, tenth, and ninth nerves pass off’ at different
levels from a group of cells longitudinally continuous.
This group of cells can be spoken of as the combined
nucleus of the spinal accessory (more correctly the
bulbar accessory), the vagus and the glossopharyngeal.
It is not possible to define precisely the divisions
of the nucleus corresponding to each nerve. In
the region of the medulla we are now deseribing,
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however, the roots belong to the spinal accessory nerve,
Here the nucleus, consisting of a mass of somewhat
spindle-shaped cells, 30-40yu long and 12-20u wide,
occupies a position dorsal to the twelfth nucleus and
adjacent to the central canal. From this nucleus
fibres may be traced passing laterally across each half
of the medulla, and emerging from the bulb between
the restiform body and the olive. (¢) Zhe nucleus of
the funiculus gracilis. (d) The nueleus of the funiculus
cuneatus. There may be seen external to this nucleus
an 1solated mass of cells, this is to be regarded as
an accessory cuneate nucleus. (¢) The lateral
nucleus,

190, Mhe region of the middle of the lower
half of the fourth ventricle (Fig. 142)—At this
level the central canal has opened out into the fourth
ventricle. This fourth ventricle is furnished with a
lining membrane, consisting of columnar cells (which
may be ciliated), resting upon neuroglia. This lining
membrane 1s spoken of as the ependyma.  With the
opening out of the central canal the gracile and cuneate
nuclei have retreated from their median position and
come to lie in the dorso-lateral region. The two gracile
nuclei therefore are separated from one another by the
width of the fourth ventricle. The nucleus of the
twelfth nerve lies now in the median position at the
dorsal surface, and in this locality a slight bulgin
into the ventricle exists which corresponds to the
funiculus teres. Lateral to the nucleus of the twelfth
lies the combined nucleus of the eleventh, tenth and
ninth, here corresponding to the vagus nerve. The
restiform body has increased in size and has now
largely absorbed the direct cerebellar tract. The
olives are also much more prominent, and have
here reached their full development. These bodies
each consist of a lamina of grey matter folded back
upon itself, enclosing a space filled with white
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matter. The convex portion of the fold corresponds to
the external protuberance. This lamina has, in addition
to the main fold, numerous secondary longitudinal

Fig. 142, —Seetion through the Medulla Oblongata at level of middle of
Olives. (Microphotograph of a specimen stanined with aniline blue-black.)

R lies over the raphe ; a mass of grey matter just beneath ~,H.is nucleus of the
X11th, beneath X.v. is nu-lrus of the Xth; br;*neanh X. h and x.c. are the
nueclei of the fasciculi gracilis and cunearns ; . lies acainst the light
magsg of the restiform body, slightly deeper at ]eml _\ v.isthe ascending vth ;
X is placed against the 1ssuing X,, and runuing down towards X1, from
nuclens of the X11th are the fihres of the XIith ; . A. is aﬁfunat grey maftter
forming the nuclel of the external arciform fibres : the olive is seen lateral
to the roots of X11th as a deeply stained hnu’.'lu]'ltlug':mnd a part is separated
on the dorzal side (the dorsal olive) and a small part lies on median side of
roots of Xi11th (the median accessory olive) ; at level of ¢. R. and immediately
beneath F.&. 18 a light circular area, the fascicalus solitarine; the grey
matter Iving atlevel of X anda lictla below the surface is the lateral nuclens,

folds, so that in transverse section it presents the
appearance of a wavy band of grey matter passing
from the formatio reticularis towards the surface,
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and then arching back it continues its wavy course
towards the region from which it started. Inter-
nally there pass into the interior of the olive tracts
of white fibres which radiate outwards towards the
concave surface of the lamina. The lamina itself is
composed largely of neuroglia, broken by nerve fibres
passing across, there are also present many multi-
polar nerve cells. These cells possess axis-cylinder
processes which possibly pass down into lateral
columns of the cord and become connected with
motor cells in the grey matter. They are themselves
connected with nerve fibres which, springing originally
from the cells of Purkinje in the cerebellum, course
through the restiform body and, becoming cerebello-
olivary fibres in the medulla, pass across the opposite
olive. It may also be that the olives are connected
by longitudinal fibres with the cerebral hemispheres.

It is possible to classify to some extent the
numerous fibres passing transversely across the
medulla in this region.

Somewhat lower than the transverse section
we are at present considering were decussating
fibres from the gracile and cuneate nuclei, called
wnternal arcuate fibres, forming the inter-olivary layer.
With the development of the restiform body and the
olives, other fibres proceeding transversely become
prominent.  The external arcuate fibres may be
held to comprise three minor groups. (a) Those
passing from the raphe and encircling the pyra-
mids and olives. Amongst these fibres in the
upper part of the bulb are a mass of nerve cells
known as the nucleus arciformis. (b) Fibres passing
from the lateral tract into the restiform body. These
are largely the more superficial of the fibres of the
direct cerebellar tract. (¢) Fibres passing dorsally
from the gracile and cuneate nuclei to the restiform
body of the same side. These tibres are also spoken



214 Fremenrts or Hisrorocy,

of as superficial dorsal arcuate fibres. In addition
to the so-called arcuate fibres there are other fibres
which have a somewhat arched course, but which are
best separated into a distinet class, and spoken of as
cerebello-olivary fibres. These include a majority of
the fibres forming the restiform body. They pass
from the restiform body either Iaterlalh to the ascend-
ing root of the fifth, or to some extent intersecting it,
and proceed towards the dorsal lamina of the olive.
Most of the fibres then penetrate the grey matter
(a few perhaps becoming lost therein), and passing
into the white core of the olive emerge at the olivary
peduncle and proceed to the raphe.  The more
dorsal of these fibres passing from the restiform body
do mnot intersect the olive ; the more ventral pass
round the olive (and are hence regarded by some as
external arcuate fibres), and entering between the
olive and pyramid pass to the raphe. Having
crossed the raphe these fibres either bend longitudi-
nally or pass to the olivary grey matter.  The
lunmtudmal fibres lying between the olives in the
ventral portion of the formatio reticularis are known
as the inter-olivary layer. This diffuse column of
tibres becomes more distinet higher up, and is then
known as the fillet or lemniscus. In the posterior
part of the formatio reticularis near the raphe,

fasciculus of longitudinal fibres is gradually becoming
more distinet. This is known as the posterior longi-
tudinal bundle, and is to be regarded as representing
a part of the anterior or ventral column of the cord.
The hypoglossal nucleus lies now on the floor of
the ventricle, and external to it lies the nucleus of
the vagus. The cells forming this nucleus may be
divided into two groups, a more median and a more
lateral. The median group consists of the larger cells.
In addition to this superficial nucleus there lies in
the formatio reticularis, midway between the fibres
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of the twelfth and eleventh nerves, a second nucleus
known as the nuclens ambiquwus or motor nucleus of
the tenth. Fibres from this nucleus pass dorsally to-
wards the main vagus nucleus, and issue with the
vagus roots. Fibres from the fasciculus solitarins
also pass out with the vagus. The vagus fibres thus
have three centres of origin.

A section taken mewha higher than that just
considered would show the issue of the g]ﬂssu-
pharyngeal nerve. A majority of the fibres of
the fasciculus solitarius pass out with the glosso-
pharyngeal, running first towards the main lluuleua,
and then turning back and coursing with the fibres
of the ninth nerve. There are also to be seen’ at
this level, rather more distinctly than in the lower
section, lying somewhat external to the fasciculus
solitarius, and near to the grey matter corresponding
to the nucleus gracilis, some scattered longitudinal
bundles of fibres, which are connected with the
auditory nerve, and are known as the ascending root
of the eighth.
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CHAPTER XVIII.

CONTINUATION OF THE MEDULLA OBLONGATA
THROUGH THE PONS YAROLII AND THE REGION OF
THE CRURA.

191. The region of the middle of the fourth
ventricle (Fig.143),— A dorso-ventral section passing
through that part of the fourth ventricle across which
the strize acusticze course would be somewhat below
the precise middle of the ventricle, but may be con-
veniently considered first. Such a section would not
involve the pons varolii and would probably just
miss the exit of the sixth nerve. In such a section
the upper part of the diminishing olive would be
seen still.  The formatio reticularis occupies the
median portion of each half, and, laterally, the resti-
form body is here at its maximal size. Coursing
ventro-laterally with respect to the restiform body
are seen the higher roots of the ninth nerve; on the
median side of this there appears the ascending root
of the fifth. On the median side of the dorsal portion
of the restiform body are seen longitudinal fibres
belonging to the ascending root of the eighth nerve,
and lying somewhat dorsal to this are nerve cells
belonging to the same mnerve. The dorsal edge of
the section appears to be composed of transverse
fibres coursing from the raphe round the restiform
body and directed towards the exit of the eighth
nerve. These arve the strie acusticeo.

Lying on the ventro-lateral side of the restiform
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body is a mass of nerve cells connected with the
fibres of the acoustic nerve and called the wventral
ganglion of the eighth. A section taken slightly
higher would involve the pons and show some slight

Fig. 143.—Part of a transverse section of the Medulla Oblongata through
the exit of the Auditory Nerve. (Microphotogroph of a Weigert-Pal
specimei. )

The section is slightly oblique, and hence at the level p the cochlear nerve
(¥.0.) is seen dividing into ascending (the more median) and descending (the
mare lateral} divigions. The half-moon-shaped mass, dark in colour at level
C. R., is the restiform body. The dark mnass lying in centre of the photograph
at level of v i8 the ascending root of the fifth nerve, The lighter substance
at level of D Iying mainly on inner side of the cochlear nerve is the ventral
ganglion, the cells of the tuberculum acnsticnm are in the lighter substance,
rather above the level of 1, and lateral to the cochlear nerve. 5., lateral
portion of strime acusticae,

changes when compared with the section just deseribed.
The most conspicuous difference in the higher section
consists in the presence of a prominent mass of
transverse fibres passing across on the ventral aspect
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and breaking up the pyramids into smaller bundles.
The alldltﬂl‘\ nerve is to be seen issuing as before, and
on the median side of the eighth a bt‘L‘CIlld nerve, the
seventh, passes out. It must be remembered that
neither the sixth nor the seventh nerves pass by direct
dorso-ventral courses outwards, The seventh nerve
originates from a nucleus lying in the formatio
reticularis midway between the ventral acoustic
nucleus and the raphe, and at about the same level
as the nucleus. The fibres from the facial nucleus at
first pass dorsally and then turn longitudinally and
pass for a short distance upwards, becoming involved
m the nucleus of the sixth. After a short upward
course they turn back again towards the lower region
of the bulb, and, taking gradually a more ventral
direction, finally emerge near the exit of the eighth
nerve, There also pass out with the facial nerve
fibres derived from the hinder portion of the nucleus
of the third nerve. These fibres supply the orbicu-
laris palpebrarum and frontalis muscles. The nerve
cells composing the nucleus of the seventh are about
40-60p 1n size, their neuraxons are directed dovsally
to form the nerve fibres of the facial nerve.

A mass of grey matter is also seen lying slightly
median, and ventral to the seventh nucleus. This
mass of grey matter contains nerve cells, and is known
as the superior or little olive. This, in adults, is about
4-5 mm. in length, but is better developed in lower
animals. The cells are similar to those of the olive,
about 30-40u in diameter, with nenraxons and much-
branching dendrites. Another mass of cells is to
be made out on the ventro-median aspect of the
superior olive. This is known as the frapezoid
nucleus.  Fibres may be seen proceeding from the
ventral nucleus of the eighth, and passing on the
ventral side of the superior olive and the trapezoid
nucleus,  These fibres constitute the frapezium,
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and form the most dorsal portion of the transverse
fibres of the pons.

The connection of the auditory nerve with its
diflerent origins is now to be described. There are
three main nuclei from which origin takes place:—
(a) the ventral or accessory mucleus lying near the
place of exit of the nerve, and, from its resemblance
to a spinal ganglion, sometimes called the acoustic
ganglion ; (b) a mass of cells lying on the floor of the
fourth ventricle, midway between the restiform body
and the median furrow. called the dorsal median
nucleus ; and (¢) a mass of cells lying near the
ascending root of the eighth, between the median
nucleus and the restiform body, but somewhat deeper
than' the former, called the dorso-lateral nucleus or
nucleus of Deiters. The ventral nucleus is really
divisible into two; a more lateral portion and the
main ventral nucleus. The lateral portion forms the
tuberculum acusticum.  The eighth nerve can be
seen to consist of two parts, one part passes to the
median side of the restiform body, the other to the
lateral aspect. The former is called the wvestibular
nerve, and the latter the coclilear nerve, corresponding
to the destination of these two divisions. The
cochlear nerve has finer fibres than the vestibular,
the fibres of the former being 1-2:5u, those of the
latter 2-4u. The fibres of both nerves divide, like
a spinal posterior root fibre, into an ascending and
descending branch after entering the medulla. The
ascending branches of the cochlear merve pass to
the ventral nucleus, the descending branches to both
the tuberculum acusticum and the ventral nucleus.
From the ventral nucleus fibres pass as already
stated into the trapezium and become connected in
part with the cells of the superior olive and the
nucleus trapezoides. The cells of the tuberculum
acusticum, and partly also those of the ventral nucleus,
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originate the fibres composing the strie acustice.
(Fig. 152.) The fibres, therefore, coursing round the

s Vi. Vi.

Fig. 144.—Section through the Sixth Nucleus and Genu of Seventh.
(Photograph of @ Weigert-Pal preparation,)

The lower half constitutes the bulk of the pons proper, with laterally the middle
peduncles; the two symmetrical dark asses at level ¥ are the longitudinal
fibres of the fillet ; on the left side and lateral to the fillet is seen a darkish
maszs with a lighter cenire, the superior olive. The floor of the fourth ven-
tricle forms the median part of the upper edge.two symmetrical light masses
leneath vIare the vith nuclei, Fibres from the inner side are seen passing
downwardz near the middle line, these are the fibrez of the vith. The
fibres of the viith are seen pas=ing apparently from the outer side of the
vith nuclens on the left side. The nucleus of the virth lies on dorsal side of
the olive., The darkest tissue lving beneath v and at level A constitutes the
somewhat scattered fibres of the ascending root of vith. The genu of the

viIth is between the nucleus of vith and the median sulcus and 18 better
geen in the enlargement of this region. (Fig. 145),

restiform body, though apparently the continuation of
the cochlear nerve, are really the neuraxons of eells of
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the tuberculum acusticum and ventral nucleus, which
are connected with the terminal arborescences of

fibres composing the cochlear nerve. The vestibular

Fig. 145.—8ection through the Nucleus of the Sixth, being a part more
highly magnified of Fig. 144, (Microphotograph of « Weigert-Pal
specimen.,)

The letters X. A., @.F.. and R, lie over the cavity of the fourth ventricle. R lies
above the raphe. A dark circular patch a little below @. F. corresponds to
the genu of the vIIth nerve. X. A. lieg above a circular light area which is
the nucleus of the vith. ¥.X. lies against the lower end of a darkly stained
mass of fibres which can be dimly traced round the nuecleus of the vith
towards the outer side of the genu of vil. This corresponds to the facial
nerve just before it issues from the medulla. Fibres are seen passing from
inner side of vith nucleus towards A. X., the fibres of the vith nerve,

nerve fibres also divide, on entering the bulb, into
ascending and descending branches. These different
branches become connected with the cells of the
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dorso-median nucleus, Deiters’s nucleus, and the
cells around the ascending root of the eighth. As
regards the further course of the strize acustic, these
bundles show many fibres passing vertically into
the central mass of the bulb or the tegmentum,
as it is termed ; other fibres of the striz acustica
decussate at the raphe, some pass thence towards
the superior olive and turn longitudinally, others
pass towards the restiform body.

192. Region of nucleus of sevenith nerve.
The nucleus of the seventh extends towards the mid-
brain, almost to the upper limit of the nucleus of the
sixth, A section taken through the junction of the
upper and middle thirds of the fourth ventricle would
pass through both these nuclei, showing the appearance
seen in Fig. 144, The fibres here are seen passing
from the nucleus of the seventh towards that of
the sixth, which is seen on the floor of the fourth
ventricle. Towards the inner side of this a more or
less prominent mass of fibres of the seventh turn
longitudinally, forming the genw of the seventh
(Fig. 145), and there are seen laterally fibres about
to pass out of the bulb, belonging to this same nerve.

The nucleus of the sixth or abducens nerve consists
of multipolar cells, about 40-50 p in diameter, The
neuraxons of these cells pass from the median side
ventrally towards the pons and run through this
with an oblique backward course so as to issue at
the lower edge of the pons in line with the roots
of the twelfth. The nucleus is connected with the
superior olive by a bundle of fibres, which is called
the pedicle of the superior olive. Other connections
exist with the pyramidal bundles and the posterior
longitudinal bundle.

193. The region of the upper end of the
fourth ventricle. (Fig. 146.)—A section through
the nuclei of the fifth nerve would show the
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characters of a transverse section in thus region.  The
origins of the fifth seen in this section consist of
two more or less distinet masses of cells, the outer
being deseribed as the sensory nucleus, the inner

Fig. 146.—Section chrough the Nuecleus of the Fifth Nerve. (Microphoto-
qraph of a Weigert- Pal preparation.)

Below is =een a =mall part of the pons proper, and at P are fibres passing circnm-
ferentially towards the pons. At level P is a dark mass on left side of
middle line of section, the fillet (ahove this and near the centre of the micro-
photograph) at level s, 0, iz the superior olive. At level X. and beneath vm.
and vs are the two nuclei of the vth ; from these and hetween these. at level
T, are seen fibres passing downwards towards the pons fibres—these form the
vth nerve,

as the motor nucleus. From these masses of cells
nerve fibres are seen to pass in a ventro-lateral
direction to the fifth nerve. The more exact origin
of this nerve may be now referred to. In the first
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place the nerve consists of two parts, the motor and
the sensory divisions.  The sensory division proceeds
from the Gasserian ganglion, and, on reaching the
deeper layers of the pons, the different fibres divide mto
ascending and descending portions, like an ordinary
sensory mnerve. The descending portions form a
bundle of fibres, the so-called ascending root of the
fifth, which has been referred to in most of the regions
already deseribed. This can be traced down distinetly
as far as the pyramidal decussation. The bundle
diminishes in amount on tracing it downwards,
and is always associated with a mass of grey matter
Ilying on the median side, the substantia gelatinosa.
In this substantia gelatinosa are cells round which
the fibres of the “ ascending ” root form arborescences.
At the level of the exit of the fifth these cells of
the substantia gelatinosa are more evident, and are
referred to as the chief sensory mnucleus. The
ascending branches of the bifurcating sensory root
become connected with the cells of the chief nucleus.
From the cells lying in the substantia gelatinosa
against the ¢ ascending ” fifth along its whole length
there pass, towards the middle line, arched fibres,
which cross the raphe, then become longitudinal
in their course and enter the fillet. On their
way towards the upper part of the brain these fillet
fibres of the fifth give off numerous collaterals which
are connected ulth cells in the reticular formation.
The motor reot springs from the motor nucleus. This
occupies the position somewhat of an upward con-
tinuation of the seventh nucleus, It consists of large
multipolar cells (50-70u) having, however, blunt,
unbranched processes. The fibres forming the motor
root are partially decussated, so that the root on one
side is composed of fibres derived from the motor
nuclei of both sides. There are connections between
the motor and sensory nuclei which may farnish the
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path for reflex masticatory action. There must
also exist connections with fibres of the pyramidal
system.  Passing dorsally between the two nuclei
are seen fibres which turn longitudinally and form
a small tract traceable, upwards, about as far as the
anterior corpora quadrigemina. This is known as the
“descending” or cerebral root of the fifth, 1t will
perhaps be well to describe its course here. In
the region of the posterior corpora quadrigemina it
lies near the dorsal angle of the superior cerebellar
peduncle and dorso-lateral to the outer angle of the
posterior longitudinal bundle. It 1s aepmaterl from
this bundle h}r a mass of pigmented cells, known
as the substantia ferruginea (Fig. 147). The “des-
cending ” root can be traced upwards as a bundle
of la,ure fibres against which lies scattered round or
i-.pmd]e' shaped nerve cells, less deeply pigmented than
those of the substantia fenuguma. Passing to the
level of the anterior corpora quadrigemina, the root
can be seen for some distance, lying at the edge of
the grey matter surrounding the Sylvian aqueduct
and near the upper end of the anterior corpora
quadrigemina it becomes lost. Returning to other
structures seen at the level of the exit of the fifth
nerve, it will be well to refer to the appearance
now presented by the fillet.

In the middle of the fourth ventricle the fillet
consists of a mass of longitudinal fibres lying on either
side near the middle line and separating the formatio
reticularis from the transverse fibres of the pons.
In the sub-pontine region the fillet fibres lie between
the olives, forming the interolivary layer. In the
upper portion of the fourth ventricle the fillet on
either side divides into two masses, one part lying
between the superior olive and the middle line,
forming the median fillet, the other lying dorsal to
the superior olive and known as the lateral fillet.

r
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The fibres of the median fillet are derived originally
from the nuclei of the funiculi gracilis and cuneatus
as well as from the nuclei of the wvagus, glasso-
pharyngeal, and vestibular nerve. The lateral fillet
probably originates (1) from fibres of the trapezium,
passing from the ventral acoustic ganglion of the
opposite side and, therefore, connected with the
cocklear root of the eighth; (2) from the superior
olives on both sides and, higher up, from a collection of
cells in the course of the lateral fillet, known as the
nucleus of the lateral fillet ; (3) from longitudinal fibres
lying against the superior olive, which increase in
number on proceeding upwards: (4) possibly, from
fibres derived from the striw acustice, which have
passed ventrally into the tegmentum and turned into
the tract of the fillet.

The pons proper is made up of numbers of
transverse fibres passing laterally from the middle
peduncles of the cerebellum on one sige to that
on the other. In crossing ventrally upon what is the
continuation of the substance of the bulb these fibres
divide the pyramids into groups of longitudinal fibres,
The more dorsal of these transverse fibres (those
lying immediately adjacent to the upward con-
tinuation of the formatio reticularis) are known
by the special name of the frapeziuin. Amongst the
transverse fibres of the pons are numerous scattered
masses of grey matter with which many of the
longitudinal fibres become connected.

194, The region of the posterior corpora
quadrigemina and upper part of the pons,
—The first section taken is immediately below (distal)
the posterior corpora quadrigemina. The fourth
ventricle has here narrowed to form the commence-
ment of the aqueduct of Sylvius. Surrounding the
channel is the ependyma enveloped on all sides by
a considerable thickness of grey matter. In that
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portion lying on the ventral side may be seen masses
of cells forming the commencement of the nuclei of

P.LB.

Fig. 147.

S.C.P IV. . IV. V. S.C.P.

—_ t‘:ﬁ-J-\.

Section through the Pons Varolii immediately below the
Posterior Corpora Quadrigemina. (Photograph of a Weigert-Pal
specimen., )

The main ma= of the section forms the fibres of the pons (). The two large

dark masses in the upper part (under s ¢ P.J, the lower ends meeting in
middle line, are the superior cerebellar peduncles or hrachia conjunctiva.
The area included between their lower balves forms the tegmentum. The
quadranenlar space helow I 1s the Sylvian aqueduct. Deeunssating in the
valve of Vieussens above are geen fibres of the Ivth nerve, the two small dark
masses below IV heing the main trunks lying obliguely. Lying a short
distance below the aqueduct at P. L. B. are two dark comma-shaped masses,
the pozterior longitudinal bundlez. The two elongated dark masses one
lying against L. F.. the other passing hetween the pons fibres and the superior
cerebellar peduncles oppogite M. F. are the lateral and median filleis. The
darkish mass lying below v, just on the median side of the upper part of
the peduncle is the descending root of vih.

the fourth nerve. Lying again ventral to this grey
matter are two prominent longitudinal bundles on
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either side of the middle line, tapering towards the
lateral region, These are the posterior longitudinal
bundles, Near the lateral tapering end of these
bundles may be seen the descending root of the fifth
nerve, separated by a mass of cells forming the
substartin ferruginea or locus cerulens. Lying to
the median side of the root of the fifth may be
seen bundles of white fibres passing into the superior
medullary velum or valve of Vieussens, decussating
here (Fig. 147) and issuing laterally as the fourth
nerve, Lying again u*ntm]l} and laterally to the
posterior ]U]l“‘ltllthlldl bundles, and thdlrttUd from
them by what is an ulm.ul continuation of the
reticular formation, are the upward prolongations
of the superior cerebellar peduncles or brachia
conjunctiva.  There at the level of the nuclei of
the fifth nerve, in section, two semicircular masses
lie immediately lateral to the side of the fourth
ventricle.  Passing upwards, they gradually take
a more ventral position till, as in the present
section, they commence to fuse in the middle line,
At a short distance externally and ventrally to the
superior cerebellar peduncle is seen another band
of longitudinal fibres. This band is of considerable
thickness between the peduncle and the lateral surface,
then passing ventrally it narrows somewhat, and
widens again to a fairly broad band lying on the dorsal
side of the pons proper. This is the fillet or lem-
niscus, the lateral portion with nerve cells forming
its nucleus being the lateral fillet, that portion lying
adjacent to the pons being the median fillet, Ventrally
to this again is the substance of t-hta pons proper,
having the characters described in § 193.

A section slichtly higher would pass through the
posterior corpora qmuirlrrmmna. Here, there “would
appear two protuberances, dorso - lcltﬂﬂn}’ to the
aqueduct. The lateral fillet forms connections with
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these bodies. The pons proper is here somewhat
smaller, the upper limit being approached. The two
superior cerebellar peduncles gradually lessen in width,
their lateral extensions disappearing by degrees. The
nucleus of the fourth nerve consists of a mass of large
multipolar cells lying in the grey matter on the
ventral side of the u]uwlm- t and near the middle line,
and reaching from the upper to almost the lower
extremity mi the posterior corpora quadrigemina,
The fibres from these cells take a somewhat oblique
backward course to the lower hmit of the posterior
corpora quadrigemina where they decussate, as already
described. In the region of the posterior corpora
quadrigemina the posterior longitudinal bundle 1s
very prominent. The basal ends of the ependyma
lining the aqueduct are frequently continued into a
set of fine fibres which pass tht*ml;_rll the grey matter
(and even beyond) and give a radially striated
appearance to the region ‘u]]ﬂ,(,ent to the ,Lquuhu,t
195, The region o! the anterior corpora
quadrigemina and the crura  ceiebri.
At this level (Fig. 143) the pons has disappeared,
and its position 1s occupied by two well-marked
protuberances on the ventral side, spoken of as
the erura cerebri. Liying dorsally to the crus on
ench side is @ broad band of black pigmented
cells, forming the substantia mnigra. The grey
matter around the aqueduct is considerable, the
posterior longitudinal bundle is somewhat less con-
spicuous than below and forms a narrow band
lying at the ventral edge of the central grey matter.
Large nerve cells lie in the ventral portion of this
grey matter, forming the nuclei of the third nerve, the
fibres of which can be seen passing ventrally in many
bundles. In the middle line between these roots
a wellmarked raphe is visible. Lying midway
between the central grey matter and the substantia
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nigra 18 a large mass of cells, known as the red
nucleus. In man this nucleus consists of cells vary-
ing in size from 20-75u.  These nuclei have some

Fig. 148, —Section through the Anterior Corpora Quadrigemina, (Photo
graph of @ Weigert-Pal prreparation.)

The section is somewhat oblique, being =lichtly higher on the right side than
the left. The symmetrical projections above are the anterior corpora quadri-
cemina. The u]-: ping between them i= the Sylvian aqueduct. The lighter
substance around this is the grey matter surrounding the iter. The darker
maszes forming the lower boundary of this grey matter arranged in discrete
areas on richt =ide are che posterior longitudin: al bundles, lving in which are
cells forming the nne |1 us of the third nerve. The bundles of fibres passing
1n an arched manner dow u'-'- ards from the third nucleus are the fibres of the
third nerve. At level B. ¥. on right side is a large durk mnass lying in a still
darker patch, having 11|- fibreg of the third passing through its median
rezion. I'Ii]- iz the commencement of the red nuclens, which iz not yeb
evident on the left side, where a ecorrezponding dark mass consistz of the
decussated fibres of the superior cerebellar peduncle. On the left side lying
below and laterally to this mass and light 1n shade is the substantia nigra,
this forms the base of a projection (the erug cerebri), in which the fibres of
thepyramids and other fibres pass jongitndinally. The dark band somewhat
arcphed passing npwards to the anterior corpus quadrigeminum from the dark
miazEg of the superior cerebellar peduncle i the fillet.
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connection with the superior cerebellar peduncles,
which terminate here in their upward course.
Laterally, the fillet is seen passing dorsally towards
the prominent aunterior corpus quadrigeminuwm. A
small portion of the brachium of the latter may also
be seen. The upward continuation of the reticular
formation corresponds to the mass between the ventral
aspect of the central grey matter and the substantia
nigra, and 1is called the tegmentum.  The locus
ceeruleus is no longer seen, but the descending fifth
is still apparent.

Structure of the anterior corpus quadrigeminiwm,
Externally there is a thin layer of white matter about
30-40p in thickness. This is known as (@) the
stratum zonale. The white fibres in this layer pass
through the superior brachium from the optic tracts.
From the layer many fibres enter the inner layers,
and in them form dendritic ramifications. () The
stratum cinerewm. In this layer are numerous cells,
whose neuraxons pass inwards. (¢) The stratum albo-
cinereum externwm. This layer contains numerous
small and large cells and nerve fibres. The nerve
fibres enter the layer largely from the optic tract by
the superior brachium. A considerable amount of de-
cussation of these fibres occurs on the median side with
those of the opposite corpus quadrigeminum anterius.
(d) The stratum albo-cinerewm internwm. (Stratum
lemnisci.) This layer is subdivided into three minor
layers : (a) the fillet layer, formed from a continua-
tion of the dorsal part of the median fillet and from the
lateral fillet ; () a layer of grey matter ; (y) a layer
of arched fibres bordering the central grey matter
and decussating in the middle line. All these layers
are pervaded by radial fibres passing from the central
grey matter.

The optic lobes of birds have been more fully
examined as regards the various layers and their
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connections. Different authors divide these structures
in various different layers. Adopting Kolliker's
deseription, a vertical section may be regarded as
showing-—(1) a superficial layer of fibres from the optic
tract ; (2) and (3) layers of grey matter or molecu-
lar layers : in (2) the optic nerve fibres form their
dendritic ramifications ; (4) a layer of white fibres
arranged in a kind of lattice work ; (5) an inner layer
of white fibres in which course the cerebral visual
fibres; (6) a layer of grey matter lying against the
ependyma of the ventricle of the optic lobes. The
connections of the cells and fibres of this layer have
been established by Golgi’'s method by Ramdn v Cajal
and v. Gehuchten.

In the corpora quadrigemina 1mportant con-
nections are made by the fillet fibres. Some of these
connections have already been referred to (§193). The
fillet fibres in their upward course give off collaterals
which ramify or actually terminate themselves in the
cells of the nucleus of the lateral fillet. Many of the
fillet fibres terminate in dendritic ramifications in
the cells of the posterior corpora quadrigemina, many
others pass into the anterior. The cells of the lateral
nucleus originate fibres which pass possibly towards the
cerebrum ; some, however, descend towards the superior
olive. Some of the fibres entering both corpora
quadrigemina decussate dorsally and pass to the
opposite corpora. There may also be some connection
amongst the fillet fibres with those of the superior
cerebellar peduncle,

The nucleus of the third nerve has been described
as consisting of many various groups of cells. It is to
be regarded as mainly one nucleus, extending through
the whole length of the anterior corpus quadri-
geminum and somewhat above it. It consists of a
main mass with two less distinct masses: a dorso-
lateral with large cells, and a dorso-median with
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smaller cells. At its cerebral end there is a central
mass having large cells. It has been suggested that
the dorso-median group of small cells supplies the
internal muscles of the eye (sphincter, ciliary). The
nucleus is presumably connected with the pyramidal
tracts. Arborescences around cells of the third
nucleus are to be seen in new-born animals, and the
fibres forming them may be followed to the raphe,
crossing here and coursing ventrally,  Connections
also exist with the posterior longitudinal bundle.
This bundle is to be regarded as the upward
continuation of part of the anterior column of the
cord, forming short longitudinal commissures It 1s
associated with the hypoglossal nuclens, those of the
vago-accessory, the fifth and the acoustic (vestibular
branch). Connections also exist with the sixth,
fourth, and third nuclei. The posterior longitudinal
bundle fuarnishes, therefore, commissural conneztions
between the different eye muscles. Connections
of the third nucleus also exist with the optic
nerves.

The brachia passing to the corpora guadrigemina
are spoken of as the superior or anterior and the
inferior or posterior. The fibres of the superior pass
to the lateral corpus geniculatum and to the
occipital tract. The fibres of the inferior brachium
are connected with the median corpus geniculatum
and possibly may pass through the tegmentum by
the internal capsule to the temporal region.

That portion of a transverse section through the
region of the corpora quadrigemina which projects
ventrally into the two crura is sometimes spoken
of as the crusta, being separated from the remainder
(tegmentwm) of the region ventral to the aqueduct by
the substantia nigra. The crusta contains, in addition
to the fibres derived from the pyramids which occupy
a central portion in each crus, other fibres derived
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CHAPTER XIX,
THE CEREBRUM AND CEREBELLUM.

196. TuE structure of the dura mater, arachnoidea,
and pia mater of the brain is similar to that of the
same membranes of the cord.

As has been shown by Boehm, Key and Retzius,
and others, the deeper part of the dura contains
peculiar ampullated dilatations connected with the
capillary blood-vessels, and forming in fact the roots
of the veins.

The glandule Pacchiont, or arachnoidal villi of
Luschka, are composed of a spongy connective tissue,
prolonged from the sub-arachnoidal tissue and covered
with the arachnoidal membrane. These prolongations
are pear-shaped or spindle-shaped, with a thin stalk.
They arve pushed through holes of the inner part of
the dura mater into the venous sinuses of this latter,
but are covered with endothelium. Injected material
passes from the sub-arachnoidal spaces through these
stalks into the villii The spaces of their spongy
substance become thereby filled and enlarged, and
finally the injection matter enters the venous sinus
itself. The pia cerebralis is very rich in blood-vessels,
like that of the cord, which pass to and from the
brain substance. The capillaries of the pia mater
possess an outer endothelial sheath. The plexus
choroideus is covered with a layer of polyhedral
epithelial cells, which are ciliated in the embryo and
in the young subject.

197. As was mentioned of the cord, so also in the
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brain the subdural lymph space does not commu-
nicate with the sub-arachnoidal spaces or with the
ventricles (Luschka, Key and Retzius). Nor does
there exist a communication between the sub-
arachnoidal space and a space described by His to
exist between pia mater and brain surface, but
doubted by others. The relations between the cere-
bral nerves and the membranes of the brain and
the lymph spaces of both, are the same as those
previonsly described in the case of the cord and
the spinal nerves.

The pia mater passes with the larger blood-vessels
into the brain substance by the sulei r.:-f the cerebrum
and cerebellum.

In the white and grey matter of the brain we find
the same kind of Hllp])“t‘tlﬂ"‘ tissue that we deseribed
in the cord as neuroglia. In the brain also 1t 1s
composed of a homogeneous matrix, of a network of
neuroglia fibrils, and of branched, flattened neuroglia
cells, called Deiters’s cells,

In the white matter of the brain the neurogla
contains between the bundles of the nerve fibres
rows of small nucleated cells; these form special
accumulations in the bulbi olfactorii, and in the
cerebellum. Lymph corpuscles may be met with
in the neuroglia, especially around the blood-vessels
and ganglion “cells.

All the ventricles, including the aqueductus Sylvii,
are lined with a la.‘rer of nPuerrlm being a direct
continuation of that lining the fnnrfh ventricle,
and this again being a direct continuation of the
central grey nucleus uf the cord. Like the central
canal Df the cord, also, the ventricles are lined
with a layer of cllmted ct}Iumnar, or short columnar
epithelial cells.

The blood-vessels forin a denser capillary net-
work in the grey than in the white matter; in the
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latter the network is pre-eminently of a longitudinal
arrangement, 7., parallel to the long axis of the
bundles of the nerve fibres. In the grey cortex of
the hemispheres of the cerebrum and cerebellum,
many of the capillary blood-vessels have an arrange-
ment vertical to the surface, but are coinected
with one another by numerous transverse branches.

The blood-vessels of the brain are situated in
spaces, perivascular lymph spaces, traversed by fibres
passing between the adventitia of the vessels, and
the neuroglia forming the boundary of the space.
There are no separate lymphatic vessels in the grey
or white substance.

198, The white matter consists of medullated
nerve fibres, which like those of the cord possess no
neurilemma or nuclei of nerve corpuscles, and no
constrictions of Ranvier., The nerve fibres are of
very various sizes, according to the locality. Divisions
occur very often. When isolated the fibres show the
varicosities mentioned in the cord.

The grey matter consists, like that of the cord
and medulla, of a basis of neuroglia in which are
embedded nerve cells, The dendritic ramifications
from the nerve cells, with medullated and non-
medullated nerve fibres, form a large proportion also
of the grey matter.

With regard to the structure of the ganglion cells
of the brain and medulla, what has been mentioned
of the ganglion cells of the cord holds good as to
them. Like the former, those of the medulla and
brain are situated in pericellular lymph spaces
(Obersteiner).

199. We now proceed to consider in detail the
structure of the different parts of the cerebellum and
cerebrum., '

The eerebellum is composed of laminated folds,
or convolutions, and these again are composed of
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secondary folds, each of which consists of a central
tract of white matter covered with grey matter. The
tracts of white matter of neighbouring convolutions of
one lobe or division join, and thus form the principal
tracts of white matter.

The white matter of the cerebellar hemisphere is

Fig. 149.—Photogram through the grey matter of the cerebellum of the
dog, showing the layer of Purkinje's ganglion eells with their dendrites
ramifying in the grey cortex. (Low maguification.)

connected (a) with the medulla oblongata by the
corpus restiforme, this forming the inferior peduncle
of the cerebellum; (b) with the cerebrum by the
processus cerebelli ad cerebrum, this forming the
superior peduncle ; and (¢) with the other cerebellar
hemisphere by the tracts connecting with the pons
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varolii ; these are the pedunculi cerebelli ad pontem,
or the middle peduncles,

200. Ona vertical section through a lamina of the
cerebellum (Fig. 149), the following layers are seen: (a)
the pia mater covering the general surface, and pene-
trating with the larger blood-vessels into the superficial
substance of the lmmlm ; (b) a thick layer of cortical
arey matter ; (¢) the Ltyer of Purkinje’s ganglion
cells ; () the nuclear layer ; and (¢) the central white
matter.

201. The layer of ganglion cells of Purkinje is
the most interesting layer ; it consists of a single row
of large multipolar ganglion cells, each with a large
vesicular nucleus. Kach possesses also a thin axis-
cylinder process, directed towards the depth, the
cell sending out in the opposite direction—ai.e. towards
the surface—a thick process which soon branches
like the antlers of a deer, the processes being all very
long-branched and pursuing a vertical course towards
the surface ; sooner or later they all break up into
the fine nervous network of the grey cortex. The
longest processes reach near to the surface. The
layer () above mentioned-—z.e. the cortical grey
matter—is in reality the terminal nerve network
for the branched processes of the ganglion cells of
Purkinje. Sankey maintained, before the adoption of
more modern methods of research, that in the human
cerebellum there are also small Itll‘llt-lpﬂld..t‘ ganglion
cells connected with the processes of Purkm]e s cells.

202. The connections and distributions of the
different cells of the cerebellum have been exhibited
to a considerable extent by the labours of observers
who have followed the methods of Golgi. A
scheme of the main points on these results is
shown in Figs. 150 and 151. Fig. 150 indicates
the appearance represented in a section across a
lamina, Fig. 151 corresponds to a section taken in
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the direction of a lamina. Considering the cells of
Purkinje first, they are seen to possess a very
extensive dendritic ramification, viewed transversely,

=1

Fig. 150.—Scheme of the Connection of the Cells in the Superficial Grey
Substance of the Cerebellum. (After Kolliker.)

p, Neuraxong of Purkinje's cells with collaterals ; k, tendril-like fibres with k!
their terminations ; gl, glia cells; f, mo=s fibres: m, =mall cells of the
molecular layer: mi large cells of the same layer (basket cells) forming
gypapzes round Purkinje's cells, =k: gr, cells of the nuclear layver with
neuraxons passing into molecular layers, here turning borizontally and
giving a punctated appearance in cross-section ; n, the luxuriant branching
of a Goler's cell of the second type.

passing through the whole thickness of the molecular
layer, as the cortical grey matter is sometimes called.
This ramification is less extensive viewed in the longi-
tudinal section of a lamina (Fig. 150). The neuraxon
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passes through the nuclear layer obliquely, giving off
collaterals which to some extent re-enter the molec-
ular layer, then the axon passing from the nuclear
layer enters the central white matter. There are also
seen 1n the molecular layer other tairly conspicuous

e e

Fig. 151.— Longitudinal Section of the Grey Substance of the Cerebellum.,
(After Kolliler.)
The restricted branching of the cells of Purkinje (#) i8 seen. The nuclear

cells below are seen 2ending axons upwards ingo the wolecular layer which
divide dichotomouzly, and run longitudinally.

cells (m'), which are termed backet cells. These cells
have dendrites which ramify amongst those of the
Purkinje’s cells, and a neuraxon which gives off
collaterals, and these again form arborescences around
the Purkinje cells. Other smaller cells (m) have
processes all of which ramify in the neighbourhood of
the cell. On the border line between the nuclear and
molecular layers may be seen large multipolar cells

Q
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(sometimes spoken of as Golyi's* cells), which exhibit
a dendritic ramification in the nuclear layer, and in
which the neuraxon, on entering the molecular layer,

-
-

Fiz. 152.—From a Transverse Section through the Edge of the Restiform
Body, pe, and the Tuberculum Acusticum of the new-born Cat.
(Golgi. Killiker, 11.)

Ne, Nerve fibres of the cochlear nerve @ ."'u'f;_'. the same fibres passing round the
peduncle ; ¢, collaterals ; T, large ganglion cells of the tubercalum ; n, their
axons becoming fibres of the strixe acustic,

divides up not far from the main cell. In the nuclear
layer are numerous small cells (gr), the dendrites
dividing very near to the cells, the neuraxons,

* Though referred to frequently as “‘eells of Golgi,” these
are more correctly described as *‘eells of the second type of Golgi.”
Some authors use the term ‘‘cells of Golgi” to refer to neu-
roglia cells.
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however, pass into the molecular layer and bifurcate
longitudinally (Fig. 150) at various levels, The so-
called ‘““molecular” condition of the cortical grey matter
is largely due to the appearance of these fibres being
cut across as well as to the sections of the processes
of the cells of Purkinje. The central white matter
shows other fibres than those representing the
neuraxons of the Purkinje cells (Fig. 151). One set
of these terminate in arborescent tufts in the nuclear
layer, and are referred to as moss fibres (/). Another
set pass into the molecular layer and break up on
connection with the dendrons of the cells of Purkinje.
These are spoken of as tendril fibres. These two
sets of fibres are to be regarded as conducting to the
grey matter of the cerebellum. In addition to the
proper nerve cells already described, may be seen
newroglia cells (gl). These are also present in the
central white matter (Fig. 152).

203. The structure of the cerebral con-
volutions in geneial, In a vertical section
through a cerebral convolution one is able to see with
the naked eye a central core of white matter sur-
rounded by a cap of grey or reddish-grey matter,
which again, on careful observation, can be seen to
consist of several alternate strata of lighter or
darker substance. The exact appearance of these dif-
ferent layers varies in different parts of the cerebral
hemispheres.

In general, a vertical section of a convolution
shows three main layers: (1) a superficial molecular
layer, (2) a layer of pyramidal cells, (3) a layer of
polymorphous cells. These layers are subdivisible into
several others in different parts of the hemispheres
(Fig. 153).

204. Structure of the cerebral convolu-
tions in the region of the Rolandie fissure,
In this region one can distinguish six layers, showing




Fig. 153.—Vertical Section through the Grey Cerebral Cortex in the
Parietal Region. (Kolliker, I1.)

a, Superficial white layers ; b, onter layer of small pyramidal cells; ¢, outer
layer of large pyramidal cellz; d, inner layer of small pyramidal cells ; e
inner layer of large pyramidal cells ; F; polymorphous cells,
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different characters. Superficially is the stratum
zonale ov molecular layer (a), then the outer layer of
small pyramidal cells (), then (c¢) the outer layer of
large pyramidal cells, followed by (d) the inner layer
of small pyramidal cells, then (e) the inner layer of
large pyramidal cells, and, adjacent to the white
matter ( /), the Jayer of pufynmpﬂ-uws cells.  These
cells are, to some extent, separated into vertical
columns by intercolumnar bundles of nerve fibres.
There are also, running horizontally, following the
contour of the gyrus, “other more or less defined
bundles of fibres. Some of these run in the super
ficial molecular layver ; two other bands are disposed
tangentially, in the p}hum{}ai cell layer, the more
superficial being the band of Vieq d’Azyr or Gennari,
the deeper that of Baillarger. In general, the
neuraxons of the ecells descend towards, and finally,
pass into the white matter (Fig. 154). There are
some cells in the cortex which do not conform to
this rule. Amongst the pyramidal cells may be
found cells known as Martinotti’s cells, from which
the neuraxons ascend towards the superficial molec-
ular layer. Cells known as Golgi’s cells are also
to be found, with neuraxons passing towards
the surface and dividing up not far from the
cell.  The general relation of the different cells and
fibres is shown in the accompanying scheme (Fig, 154)

Description of Fig. 154 (p. 245).

Fig. 154.—Scheme of the Connection of the Cells of the Cerebral Cortex.
(After Kolliker.)

P;,P. 8maller and larger pyramidal cells, the neuraxons passing downwards
on their way to the inner capsule ; P;, pyramidal cells forming a termination

in the corpus striatum ; at level M a cell of Martinotti with neuraxon passing
upwards and trrmunmu: in stratum zonale ; at level G a Golgi cell (2nd order)
with much-branched neuraxon immediately above it ; Ae, association
cell, on inner gide of G is a cell (Cc) wWith neuraxon mhsmg into corpus
t"lllm-um C.8.0., a cell of corpus striatum with neuraxon passing into COrtex ;
R.F.. a fibre from the fillet passing up into the cortex, one of Ramon y
L‘a]al'f- fibres ; Str. zon., stratum zonale, or superficial white layer,
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Fig. 156.—Fascia Dentata and adjoining part of Cornu Ammnonis of Human
Embryo. (After Kolliker.)

Mf., Moss fibres (main bundle, an accessory bundle passing out to the right) ;
str. vad., stratum radiatum of fascia dentata: a. cell with aseending axon
(cell of Martinotti): Pyr., pyramidal cells; F, imbria: K. nuclear layer;
f, tangentially coursing fibres of stratum zonale; d.PL, dorsal layer ; ti,

eep root of alveus,
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from Kolliker. The pyramidal cells have a conspicuous
apical process, which passes vertically, giving off
lateral processes, and forms a system of dendrites in
the superficial molecular LMH‘ Other dendritic
ramifications occur closer to the cell and the neuraxon
passes towards the white matter, giving off collaterals
as it traverses the grey substance (Fig. 155). Some of
the pyramidal cells (C ¢) have neuraxons which pass to
the opposite hemisphere in the corpus callosum, and
not towards the inner capsule, through which a lalgv
number of the neuraxons course. Some pyramidal
cells again probably have their neuraxons ter-
minating in connection with cells of the corpus
striatum (P?). The connections of a cell of Marti-
notti arve seen (M), and those of a Golgi cell (G).
Fibres conducting towards the cortex are repre-
sented by (1) Rémoén y Cajal’s fibres (R.F.), passing
from the fillet and subdividing in the cortex ;
(2) fibres from cells of the corpus striatum ((.5.C.)
passing up into the grey matter of the cortex in a
similar manner.

205, Structure of the hippocampus major
and the fascia dentata (Fig. 156).

The hippocampus as it projects into the ventricle
is invested beneath the ependyma with a layer of
white fibres called the alvews. Lying against the
alveus are pyramidal cells, the neuraxons of which
pass into it ; the conspicuous apical process passes
through a large portion of the thickness of the hippo-
campus, giving it a radiate appearance (the stratum
radiatum), and forming a dendritic ramification above
this in the stratum lacunosum. Tracing the sub-
stance of the hippocampus towards the fascia dentata,
these pyramidal cells become less conspicuous and are
not to be regarded as forming any definite layer in
this region. The fascia dentata has externally a
superficial layer or stratwm zonale into which pass the
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dendritic ramifications of a layer of small cells, the
stratim :‘ij-‘p'.rj-i'?{h}.‘-:lf-!.ii. From these small cells
neuraxons pass to the central substance of the fascia

Fig. 157.—Diagram of the Probable Connections of Cells and Fibres in the
Olfactory Bulb., (After Schifer.)
olf.c., Bensory cells of the olfactory epithelium ; olfin., deepest layer of the hulb
composed of the olfactory nerve Abres which are prolonged from the olfac-
tory cells; gl olfactory clomernli, eontaining dendrons of both the olfactory
nerve fibregs and the mitral cells; mc, mitral cells ; a, their axons ; tr.,
nerve fibres of the hulb becoming continuous with the olfactory track.

dentata, and from this also many so called ‘“moss
fibres” issue, passing to the granular layer (JMf
and Mf").

206. Structure of the olfactory bulb (Figs,
157 and 158).—A vertical section through the olfac-
tory bulb indicates considerably more development
on the side lying against the cribriform plate than
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on the dorsal side. Passing from the surface lying
on the ethmoid bone, one can make out the following
layers: (1) Bundles of olfactory nerve fibres ; (2) the
zone of olfactory glomeruli ; (3) a layer pervaded

Fig. 158.—From the Olfactory Bulb of a Mouse 24 days old. (Highly
magnified. Golgi, Killiker, I11.)

', Collaterals ; &I, glomeruli ; M, mitral cells ; M’ large brush cell ; M2, =mall
ditbo; n, DEUraxon.

by many irregular fibres, giving it the character of
a molecular layer, and containing the so-called mitral
nerve cells; (4) a nuclear l‘wer’ composed of small
cells ; (5) a layer of longitudinal nerve fibres ; (6)
the neuroglia forming the central substance. The
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connection of these mitral cells is indicated in Figs. 157
and 158.  One or two processes pass horizontally and
an axis-cylinder process passes through the nuclear
layer towards the layer of longitudinal nerve fibres.
One conspicuous process passes towards the glomeruli
and, entering one of the masses, forms a dendritic
clump. Similarly axons from the olfactory cells in the
nose pass to these glomeruli and form dendritic clumps.
These glomeruli are definite localities where connec-
tions are established between cells of the olfactory
bulb and the olfactory mucous membrane.



CHAPTER XX.

THE

CEREBRO SPINAL GANGLIA.

207. Tue ganglia connected with the posterior
roots of the spinal nerves, and with some of the

roots of the cere-
bral nerves — Gas-
serian, otic, genic-
ulate, ciliary,
Meckel’s ganglion,
the ganglia of the
branches of the
acoustic nerve, the
submaxillary gan-
glion, ete.—possess
a capsule of fibrous
connective  tissue
continuous with the
epineurium of the
afferent and efferent
nerve trunks (Fig.
159). The interior
of the ganglion is
subdivided into
smaller or larger
divisions, contain-
ing nerve bundles
with their perineu-
rium, or larger and
smaller groups of
ganglion cells. In
the spinal ganglia
these latter are
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159, —Spinal Ganglion of the Lumbar
Region of a Puppy. (Kdlliker, I1.)
G, Ganglion with its cells and their axon=; Rp,

posterior ; Ra, anterior branch ; M, mutur &
EENE0Ory root,

Fig.
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cenerally disposed about the cortical part, whereas
the centre of the ganglia is chiefly occupied by
bundles of nerve fibres.

208. The ganglion cells differ very greatly in size—

Fiz. 160.—Transverse Section of the Spinal Cord of a Chick of the 9th day
of incubation. (dAfter Ramon y Cajal, from Quain's ** Anatomy.”)

A. Axons—anterior root fibres—issuing from large ganglion cells of anterior
horn, € : B, posterior root fibres passing from the bipolar ganglion cells (b, i)
of the spinal ganglion into the posterior white column D, where they bifur-
cate to hecome longitudinal ; e, F, g, collaterals from these fibres ; b, tibres of
anterior white colamn in cross-section,

some being as big, and bigger, than a large multipolar
ganglion cell of the anteriorhornof thecord, others much
smaller (Fig. 162). Each cell has a large oval nucleus,
including a network with one or two large nucleoli.
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Its substance shows a distinet fibrillation.  Each ecell
of the spinal ganglia in man and mammals 1s vnepolar
(Fig. 162), flask- or pear-shaped, and invested in a
hyaline eapsule, lined with a more or less continuous

Fig. 161.—From a Longitudinal Section through the Gasserian Ganglion of
the Calf. (Kalliker, 11.)

layer of nucleated endothelial cell plates. The single
process of the ganglion cell is finely and longitudi-
nally striated, and i1s an axis-cylinder process. Im-
mediately after leaving the cell body it is much
convoluted (Retzius); it is then covered with a
medullary sheath, and so becomes a medullated nerve
fibre. The capsule of the ganglion cell is continued
on the axis eylinder process, and, farther on, on the
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medullated mnerve fibre, as the neurilemma: the
endothelial plates of the capsule pass into the nerve

Fig. 162. — Large and Small
Ganglion Cell of the Ganglion
Gasseri of Rabbit. (Key and
Retzius,)

The axis crlinder, after leaving the
cell, becomes convoluted and
transformed into a meduollated

nerve fibre, which divides into
two medullated fibres,

Fig. 163.—Isolated Ganglion Cell
of Spinal Ganglion of Toad.
(Key and Retzius,)

The axis cylinder process becomes
transformed into a medullated
nerve fibre. The capsule of the
cell 15 prolonged as the nen-
rilemma of the nerve fbre.

corpuscles lining the neurilemma, their number greatly

diminishing (Fig. 162).

209. In the rabbit this medullated nerve fibre at
its first node of Ranvier, which is not at a great dis-
tance from the ganglion cell, divides into two medul-
lated nerve fibres in the shape of T : one branch



CEREBRO-SPINAL (GANGLIA. 257

passes to the cord as a posterior root fibre, the other
to the periphery (Fig. 163). In man, thh T-shaped
division has also been observed hy Retzius, but,
though highly probable, it cannot be said to ha.n,
bceu ‘mtu;ulh proved that in rabbit or man every
axis-cylinder process shows this T-shaped division.
Retzius observed this T-shaped division also in the
Gasserian, geniculate, and vagus ganglia in man.

The ganglmn cells are not um]mldl in all eerebral
ganglia ; in the ciliary and optic ganglia there are
ganglion cells which are multipolar.

210. Numerous ganglia of microscopic size are to
be found in the submaxillary (salivary) gland ; they
are of different sizes, and are in reality ganglionic
enlargements of larger or smaller nerve bundles.
Each ganglion is invested in connective tissue con-
tinuous with the perineurium, and the ganglion cells
are unipolar, and of the same nature as those described
above, each cell being possessed of an axis-cylinder
process, which becomes soon a nerve fibre. At the
back of the tongue there are similar small micro-
scopic ganglia.
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CHAPTER XXI.
THE SYMPATHETIC SYSTEM,

211. Tue sympathetic nerve branches exactly re-
semble the cerebro-spinal nerves in their connective-
tissue investments (epi-, peri-, and endoneurium), and

.
le|

il

Fig. 164. —Sympathetic Nerves. (Atlas.)
A, Bmall bundle invested in an endothelial sheath, perineurium @ B, one

medullated and three non-medullated nerve fibres of various sizes; the
largest shows division ; €, two varicose nerve fibres.

in the arrangement of the fibres in bundles (Fig, 164, 4).
Most of the merve fibres in the bundles are non-
medullated or Remalk’s fibres (Fig. 1644), each being
an axis cylinder invested in a neurilemma, with
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oblong nuclei indicative of nerve corpuscles (Fig.
164, B). DBut there are some medullated nerve fibres
to be met with in each bundle, at least, of the
larger nerve trunks. These in some cases show
the medullary sheath more or less discontinuous,
and with a wvari-
cose outline (Fig.
164, ¢), owing to
a uniform local
accumulation  of
fluid between it
and the axis cyl-
inder. The small
or microscopic
bundles of nerve
fibres possess an
endothelial (peri-
neural) sheath,
The small and
large branches
always form
plexuses.

212. The gan-
glia of the sym-
pathetic chain
(Fig.165)—lateral
gﬂ“gliﬂa as also I-"E-r:.llsJ_JL.—(I]rnsr;_-:"-_‘t-;-t.:tiuuthrnugh part -Jf]:lml!ﬂh
§he Pmither sym-. O e D aonmaduilited or Remsls Mot
P&th&tl(} gang]m in eross-section ; the nerve fibres being com-
—the collateral posed of fibrillee appear granular in cross-

3 : section ; the nuclei here shown belong to the
ga,ngha, like the neurilemma of the fibres. (Kdlliker, I1.)

semilunar and the

cardiac ganglia, and the peripheral gangha, like those
on and in the abdominal viscera, are microscopic
in size, but possess in a general way the same structure
as the cerebro-spinal ganglia. The ganglion cells are
bipolar, or more commonly multipolar. Such are the
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microscopic ganglionic enlargements on many of the

sympathetic nerve branches

abdominal organs.

in the thoraciec and

They occur in some organs very numerously—e.q.

Fig. 165.—Sixth Ganglion Thoracicum of
the Left Sympathetic of the Rabbit.
(Kolliker, 11.)

Re, Rami communicantes; S, branch of
ganclion containing two coarser and
zeveral filner fibres: Spl, eplanchnicus ;
T. sympathetic trunk; g, ganglion cells.

alimentary canal,
urinary bladder (Fig.
166 and Fig, 167),
respiratory organs,
salivary  glands—and
are of all sizes, from
a few ganglion cells
placed between, or
laterally to, the nerve
fibres of a small bundle,
to oval, spherical, or
irregularly-shaped
masses of ganglion
cells placed in the
course of a large nerve
bundle, or situated at
the point of anasto-
mosis of two or more
nerve branches (Fig.
167).

213. The ganglia
in connection with the
plexuses of nerve
branches of the heart,
the ganglia in the
plexus of non-medul-
lated nerve fibres ex-
isting between the
longitudinal and ecir-
cular coat of the exter-
nal muscular coat in

the alimentary canal, known as the plexus myen-
tericus of Auerbach, the ganglia in the plexus of
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nerve branches of the submucous tissue in the
alimentary canal, known as Meissner’s plexus (Fig.
172), the ganglia in the nervous plexuses in the

Fig. 166.—Group of Ganglion Cells interposed in a Bundle of Sympa-
thetic Nerve Fibres ; from the Bladder of Rabbit, (Handbook,)

outer wall of the bladder, in the bronchial wall, and
in the trachea, and lastly the ganglia in connection

Fig. 167.—Small Collection of Ganglion Cells along a small Bundle of
Sympathetiec Nerve Fibres in the Bladder of Rabbit. (dtas.)

Each ganglion cell possesses a capsule. The substance of the ganglion cell is
prolonged as the axis cylinder of a nerve fibre,

with the nerves supplying the ciliary muscle of the
eye, all belong to the sympathetic system.
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The ganglion cells (Fig. 170) are of very different
sizes, each possessing a large oval or spherical nucleus
with one or two nucleoli, Their shape is spherical or
oval, flask-shaped, club-shaped, or pear-shaped ; they

Fig. 168.—Microscopie Ganglion in the Submaxillary Gland of Dog. (Atlas.)
¢, Connective tizsue surrounding the ganglion : 4, the ganglion cells with their
capsule; n, nerve fibres.
possess either one, two, or more processes, being uni-,
bi-, or multipolar. The cell is invested in a capsule
lined with nucleated cells, both being continued on
the processes as neurilemma and nerve corpuscles

respectively.
214. By the aid of Golgi’s method it has been

definitely established (Golgi, Rémén y Cajal, Retzius)
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that, like the ganglion cells in the cord, the cells in
the ganglia of the sympathetic system possess one
axis - cylinder process, axon or neuraxon, which
remains unramified (Ramon y Cajal, Van Gehuchten,

Fij_':. 169, Plexns of Auerbach in Reetum of Toad, f.!-"-r-"-‘i.]

i, Nerve hranches : g, ganglion cell.

L. Sala. Von Lenhossek, Kolliker), though sometimes
it is possessed of nodose swellings (Fig. 171). It
passes into the periphery as a mnon-medullated
fibre (as, for instance, the non-medullated fibres
passing from the lateral ganglia of the sym-
pathetic back to the spinal nerves as the grey
amus communicans); or as a medullated fibre
(as for instance, the medullated fibres passing from
the ciliary ganglion into the ciliary nerves). The

w o
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post-ganglionic  fibres of Langley are fibres which
originate as the neuraxon of a sympathetic gan-
glion cell (in the lateral, collateral or peripheral

L
¥,
(=]

Fig. 170,—Sympathetie Ganglion Cell of Man.
(Key and Retzius.)
The canglion eell is multipolar : each procezg re-

ceiving a neurilemma from the capsule of the
cell becomes a non-medullated nerve filire.

anglia, as the case may be), and hence pass into

muscle  (wall  of
intestine, blood-
vessels, the viscera).
The ganglion cells
in the microscopic
peripheral ganglia
are also multipolar,
although there oc-
cur amongst them
bi- and unipolar
cells (Ramén y
Cajal, Dogiel, Kal
liker).

Besides the
neuraxon or axon
the  sympathetic
ganglion cells pos-
sess ramifying pro-
cesses — dendrites,
which resolve them-
selves like those of
the cells of the grey
matter of the cen-
tral nervous system
into fine fibres,
some of them form-
ing more or less
distinect  arborisa-
tions or dendrons
(Fig. 171) 3

interesting relation exists between the medullated
nerve fibres which pass into a sympathetic gan-
glion from a spinal nerve [motor fibres passing from
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anterior roots, as also se nsory fibres from the }uhtuum
roots andl almml aangli: 1| as, for instance, those
passing from the motor roots h:, the white rami com.

municantes into the
lateral and farther
into the collateral
ganglia, .. the
pre-ganglionie
fibres of Langley ;
these fibres ter-

3o
minate (Van __1$’
Gehuchten, L. - L
Sala, Dogiel, Von w e i
Lenhossek) as fine Qa
ramifications  be- 7 v

tween and around
the ganglioncells, or
they form curious,
more or less dense,
convolutions  and
plexus surrounding
the body of the
ganglion  cell
crrewmeellular
plexus, as 1s shown
in Fig. 173 (Kol-
liker).

215. 3y the
observations of Fig. 171.—Three Multipolar G:lug'lif:n Cells
]39&]?,,.;"1[‘11{}1(1,.151 T{'E?!'I, .::!ttllt:li]:lltlii.'r;l'i-*[l‘:?‘[';:;;_; ‘l‘_;nv tllf't:.u:hihb {E{:ﬁ?ﬁ}::l
Key and Retzius, 1t 1) g :
was known that in
the ganglion cells of the sympathetic nerves of the
frog the ganglion cell substance passes on as a straight
neumxﬂn which continues its course peripherally as a
non-medullated nerve fibre surrounded by a nucleated
sheath or neurilemma—continued from the capsule of
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the ganglion cell. This straight process is entwined by
a thin spiral fibre which, farther raway from the body of
the ganglion cell, is a medullated fibre ; it ramifies

on the substance of the ganglion cell (Fig. 174).

Fig. 172, —Group of Ganglion Cells from the Plexus of Meissner of a Pappy ;
amongst them a Multipolar and several Unipolar Cells, (Kdalliker, I1.)

Arnold, then Ehrlich and further Retzius (the last
two by ipjection of methylene blue into the blood-
vessels of the living frog) have shown this spiral fibre
(stained blue) to tf..'lll‘llll.l,'[i' on and around the sub-
stance of the ganglion cell as an arborisation; a
condition which occurs in many parts of the central
nervous system (anterior grey cornu, cerebellum,
sympathetic ganglion cells, previously mentioned,
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etc.), that is to say, the body of a ganglion cell
becomes surrounded and ensheathed as it were by a
dendron of an afferent nerve fibre, the ditference being

\

[ Fig. 174.—Sympathetic Ganglion

Cell of Frog, showing the

Fig. 173.—Cirenmeellular Plexus straight process and the spiral

from the Ganglion Cervicale fibre ; the latter becomes a

Supremum of Calf. (Kdalliler, meduallated fibre. (Key and
11.) Retzius.)

that in the sympathetic cells of the frog this afferent
(medullated) fibre entwines as the spiral fibre the
efferent axon (non-mednllated) of the ganglion cell.
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GENERAL CONSIDERATIONS AS TO THE ANATOMICAL
CONSTITUTION AND NATURE OF THE NERYOUS
SYSTEM.

216. WE are now in a position to summarise the
general structure and relation of the constituent
parts of the nervous system.

The nervous system consists of nerve cells or
ganglion cells and ‘of nerve fibres—the cells forming
the centres, the fibres the conducting paths. The

ganglion cells form an integral part of the central
nervous system—Dbrain, medulla and cord—as also of
the rf.:mfrlm of the sympathetic and of the perlpheral
collections and special nerve end-corpuscles in the
various viscera and in the sense organs. The nerve
fibres, on the other hand, are all, as far as at present
known, axons or neuraxons—that is to say, pro-
long: itions of the substance of the ganglion cells ; by
thEae axons near and distant cent:ea or ﬂ'antrlmn
cells, are brought in relation to one dnﬂther as alsn
by the penpheml terminations of the axons with
I]IU‘:L]EH skin, mucous membranes, glands, etc. The
whole nervous system may be -::mmldered as -::nnslstmg
of a collection of units (Ramun y Cajal), each such unit
being called a wneuron {“'alrlex er). A neuron, then,
is a fran-:r]mn cell with all its processes, axon or axons,
and dendrites—be they short or long—as well as all
the ramnfications and terminations uf such axons and
dendrites, While of many parts of the nervous
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Fig. 175.—8cheme of Relationship of Cells and Fibres of Brain and Cord,
prepared by Halliburton and Mott. (From Kirke's ** Physiology."”)

An, Middle line through brain medulla and cord; PYR, pyramidal ganglion cell
of the cerebril cortex in the Rolandic area: AX, axon of this same ganglion

cell, a collateral of this axon passes in the corpus callosum (C. CALL,) tO
terminatein the cortex of the other cerebral hemisphere ; C.8TR., is the corpus
striatum : X.a.c., ganglion cell in the cerebral cortex (nerve unit of associa-
tion of Cajal), around whieh arborises an axon coming from a ganglion cell
of the optic thalamus ; 0.TH., thalamus opticus ; F, mesial fillet ; ¥.G., nuclens
eracilis of the medulla ; 1.A., axon of a ganglion cell in the nuclens gracilis,
passing to the other side as an internal arcuate fibre; p, ganglion cell of
Purkinje in the cortex of cerebellum; P.AX., its axon; G.M., succession of
cell stations (units) in the grey matter of the cord to the optic thalami.
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Fig. 176.—Diagram of the probable Connections and Relations of the Optie
Nerve Fibres between the Ganglion Cells of the Retina and the Cortex

Cerebri. (After Schéfer.)

Between the ganglion celle of the retina and the lateral corpus geniculatuin
or anterior corpus quadrigeminum respectively 18 the Hirst neuron ; hetween
the corpus quadrigeminum anterius and the nucleus oculomotorius is a
second nenron, so also between the lateral corpus geniculatum and the cortex
cerebri; between the nucleus oculomotorins and the cortex cerehri on the
one hand and the axons of the ganglion cells of the nucleus ocrulomotorins
by the nerve fibres eonstituting the oculomotor nerve terminating in the

muscles supplied by this on the other hand is a third neuron.
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system the constituent units or nmewrons are under-
stood and traced out, there are other parts in which
the constituent neurons have not been as yet fully
worked out. Of the former it has been established
by the new methods that the older theory as to
anatomical continuity between different parts of the
nervous system —z.e. the units or newrons—is not
correct ; but, on the contrary, that the processes
(axons as well as dendrites) of one ganglion cell form
only contact with those of others, as also with peri-
pheral organs, without direct continuity (Fig. 175).
Thus, for instance, 1t has been shown that there
exists no direct or uninterrupted continuity between
a motor (pyramidal) ganglion cell, say of the limb
centres in the grey cortex of the brain, and the nerve
fibres which terminate as motor end-plates or
dendrons in the muscles of the limbs, but that the
whole of this path is made up of a swccession or chain
of neuwrons or wnils ; and similarly beginning with a
dendritic nerve termination in the epithelium of the
skin of the limbs up to the arborising termination of
nerve fibres in the sensory centres of the grey cortex
of the brain, we have no anatomical continuity, but a
succession or chain of units or neurons.

In each case, a ganglion cell with its axon, in-
clusive of its collaterals, and its dendrites, is possessed
of arborisations or dendrons which do not form con-
tinuity with, but are only in close contiguity to, the
arborising axons, or dendrites respectively*of another
unit or neuron (%yn&psiq) A further point that
has been established is this, namely, all nerve fibres,
be they medullated or non- meduliated, afferent or
efferent fibres, be they of a 1'431:1.twel‘}.r short course
—e.g. those becrmmnrr and ending within the central
nervous systun—m do they extend over long dis-
tances like those passing out from, or passing into,
the cord, medulla, and brain as SPll’l[ll and qr&nlal
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nerves respectively, are, in reality, axons or direct
prolongations of the substance of ganglion cells,
which, after a longer or shorter course, terminate
as arborisations or dendrons in the periphery or in
the central nervous system, as the case may be.

217. We will illustrate, by selecting a few from
the many known examples, the nature and extent
of such neurons:

(1) A motor neuron of the grey cortex cerebri con-
sists of the following parts (Fig. 175) : () the cell body
of a pyramidal ganghion cell ; (/) 1ts dendrites, with
their arborisations in the grey cortex; (¢) the axon
civen oft' as the median basilar process and its col-
laterals becoming medullated nerve fibres of the white
substance of the cortex, passing further through the
internal capsule, the pons, the anterior pyramidal
tract of the medulla, the direct or crossed pyramidal
tract of the cord, and forming the final arborisations
or dendrons of them and their collaterals in the
anterior cornu around the body and dendrites of the
canglion cells in the grey matter of the cord.

(2) A motor neuron of the grey anterior cornu
of the cord consists of : (¢) a ganglion cell in the
anterior grey cornu of the cord; (6) its dendrites
terminating in site. as arborisations or dendrons;
(¢) the axon passing out as a medullated nerve fibre
through the anterior root, and further through a
spinal nerve, and terminating finally in the periphery
in a striped muscle fibre as a dendron—:.c. the nerve
end-plate.

(3) A sensory neuron: (a)a ganglion cell of the
spinal ganglia ; (4) the afferent nerve fibre—z.e. the
distal portion of the T-shaped division of the axon,
coming from the periphery—e.g. the skin—by way of
a medullated nerve fibre of a spinal nerve : in the skin
it terminates or originates either in or around special
nerve end-corpuscles or as ramifying fibrillee in the
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epithelium of the surface; (¢) the efferent fibre—
t.e. the proximal branch of the axon of the spinal

Fig. 177.—Diagram showing the Mode of Termination of Sensory Nerve
Fibres in 1, the auditory, 2, the gustatory, and 3, the tactile sense
orrans of vertebrata. Each of these represents one sensory neuron.
(After Retzius, from Quain.)

ganglion cell passes into the cord as a medullated
fibre by way of a posterior root and farther into the

S
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posterior white column ; it or its collaterals finally
enter into the grey matter of the cord or pass on into

Fig. 178.—Diacram of the Ar-
rangement of the Sensory
Nerve Fibres in the Olfactory
UOrgan and Bulb. (Adfter
Retzius, from Quain.)

1, Neuraxon ; gl, glomerulus in
the olfactory bulb. This repre-
sents two consecntive neurons,

the nuecleus gracilis of the
bulb, terminating as dendrons
around or close to a ganghon
cell (body or dendrites) in
such grey matter (Fig. 175).
(4) A neuron of a special
sense (Figs. 177, 178): (a)
the ganglion cell in the gan-
alion cell layer of the retina ;
() its dendrites terminating
as arborisations or dendrons
in the inner molecular layer ;
(¢) the axon passing out in
the opposite direction and
forming a fibre of the nerve
fibre layer and further pass-
ing into the optic dise and
optic nerve as a medullated
fibre, pursuing 1its course as
such through the chiasma and
optic tract, and terminating,
finally, in an arborisation
around cells in the corpus
geniculatum or the anterior
corpus quadrigeminum (Fig.

176).



275

CHAPTER XXIII.

THE TEETH.

218. A numax tooth, adult and milk-tooth, con-
sists (Fig. 17Y) of («) the enamel covering the crown,

(b) the dentine forming
the bulk of the whole
tooth, and surrounding
the pulp cavity both of
the crown and fangs,
(¢) the pulp cavity, and
() the cement, or crusta
petrosa,  The cement
covers the outside of the

dentine of the fang or

fangs, the enamel covers
the dentine of the crown.
The cement 1s covered
on its outside by dense
fibrous tissue acting as
a pertostewm to it, and
is fixed by it to the
inner surface of the
bone forming the wall
of the alveolar cavity.
219. The emamel
(Fig. 180) consists of
thin microscopic pris-
matic elements, the
enamel prisms placed
closely, and extending
in a vertical direction

L

Fig. 179.—Longitudinal  Section
through the Premolar Tooth of Cat.
( Waldeyer, in Stricker's Manual.)

a, Enamel ; b, dentine ; ¢, ernsta petrosa;
dand ¢, periostewn ; f, bone of alveoluns,
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from the surface to the dentine. When viewed in
transverse section, the enamel prisms appear of a
hexagonal outline, and are separated by a very fine
wnterstitial cement substance.  The outline of the
enamel prisms is not straight, but wavy, so that the
prisms appear varicose. The prisms are aggregated

Fig. 180.—Enawmel Prisms. (Kallilker.)

A, In longitudinal view ; 1, in crozs-=ection.

into bundles, which are not quite paraliel, but more
or Jess slightly overlap one another. On a longitudinal
section through a tooth, the appearance of alternate
light and dark stripes in the enamel is thus produced.
Besides this there are seen in the enamel dark hori-
_zontal curved lines, the brown parallel stripes of
Retzius, probably due to inequalities in the density of
the enamel prisms produced by the successive forma-
tion of layers of the enamel. The enamel consists
of lime salts— phosphate, carbonate, and fluoride of
calcium—-with corresponding magnesium salts.

In young teeth the free surface of the enamel
is covered with a delicate cuticle (the cuticle of
Nasmyth), a single layer of non-nucleated scales.
In adult teeth this cuticle is wanting, having been

rubbed off.
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220, The demtine is the principal part of the hard

substances of the tooth.
ment of the pulp cavity
of the crown and fang,
being slightly thicker in
the former than in the
latter region. The den-
tine is composed of (Fig,
181): (1) a homogeneous
matrie - this 1s a re-
ticular tissue of fine
fibrils impregnated with
lime salts, and thus re-
sembling the matrix of
bone; (2) long fine
canals, the dentinal
canals or tubes, passing
in a more or less spiral
manner, and vertically
from the inner to the
outer surface of the
dentine, These tubes
are branched ; they
open in the pulp cavity
with their broadest part,
and become smaller as
they approach the outer
surface of the dentine.
Each canal is lined with
a delicate sheath—the
dentinal sheath, Inside
the tube is a fibre, the
dentinal fibre, a solid
elastic fibre originating
with its thickest part at

[t forms a complete invest-

Fig. 181.—From a_Section through a
Canine Tooth of Man. (Waldeyer, in
Stricker's Manual.)

a, Crusta petrosa, with large hone corpus-

cles : b, interglobular suhstance ; c,
dentinal tubules,

the pulp side of the dentine

from cells lining the outer -surface of the pulp, and

called odontoblasts.
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On the outer surface of the dentine, both in the
region of the enamel and crusta petrosa, the dentinal
tubes pass into a layer of intercommunicating irregular
branched spaces, the interglobular spaces of Czermak,

Fig. 182.—From Section through the Pulp and Dentine of Tooth of Guinea-
5 pig. (Photograph, highly magnified.)

Pulp tissue with vessels in cross-section: o, odontoblasts; d, dentine acei-
: - dentally detached from ndontoblasts,

or the granular layer of Purkinje. These communi-
cate with spaces existing between the bundles of
enamel prisms of the crown, as well as with the bone
laminze of the crusta petrosa of the fang. The inter-
globular spaces contain each a branched nucleated cell.
The dentinal fibres anastomose with the processes of
these cells. The incremental lines of Salter are lines
more or less parallel to the surface, and are due to
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imperfectly calcified dentine—the interglobular sub-
stance of Czermak. The lines of Schreger are curved
lines parallel to the surface, and are due to the optical
effect of simultaneous curvatures of dentinal fibres.

Fig. 183.—Early Development of Tooth.  (Photograph by Mr. A. Pringle.)

1, Tongue in cross-section ; 2, bone of jaws; 3, rudiment of enamel organ and
tooth papilla, the former still connected with the surface epithelinm.

221. The eement is osseous substance, being
lamellated bone matrix with bone corpuscles. There
are no Haversian canals,

222, The pulp is richly supplied with blood-
vessels, forming networks, and extending chiefly in
a direction parallel to the long axis of the tooth.
Numerous medullated nerve fibres forming plexuses
are met with in the pulp tissue ; on the outer surface
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of the pulp they become non-medullated fibres, and
probably ascend in the dentinal tubes. The matrix of
the pulp is formed by a transparent network of richly
branched cells, similar to the network of cells forming
the matrix of gelatinous connective tissue.

223. On the outer surface of the pulp—u.c. the
one in contact with the inner surface of the dentine—
is a layer of nucleated cells, which are elongated, more
or less columnar. These are the odontoblasts proper
(Fig. 182). Between them are wedged in more or less
spindle-shaped nucleated cells, the outer or distal pro-
cess of which passes into a dentinal fibre. The odonto-
blasts proper are concerned in the production of the
dentinal matrix, according to some by a continuous
arowth of the distal or outer part of the cell and a
petrification of this increment, according to others
by a secretion by the cell of the dentinal matrix.
Waldeyer, Tomes, and others consider the odonto-
blasts proper concerned in the production both of the
dentinal matrix and dentinal fibres. The odontoblasts
proper and the spindle-shaped cells are continuous
with the branched cells of the pulp matrix.

224. Development of teeth. The first rudi-
ment of a tooth in the embryo appears as early as the
second month. It is a solid cylindrical prolongation
of the stratified epithelium of the surface into the
depth of the embryonic mucous membrane. Along the
border of the jaws the epithelium appears thickened,
and the subjacent mucous membrane forms there a
depression—the primitive dental groove. Into this
aroove the solid cylindrical prolongation of the surface
epithelium takes place. This prolongation is the
rudiment of the enamel organ. While continuing to
grow towards the depth, it soon broadens at its deepest
part, and the surrounding vascular mucous membrane
condenses at the bottom of the prolongation as the
rudiment of the tooth papilla,  While the distal part



TEETH. 281

of the enamel organ continues to grow towards the
depth, it gradually embraces the tooth papilla in the
shape of a cap-—the enamel cap (Fig 183). During
this time the connection between the surface epithe-

Fig. 184.—From a Section through the Tooth and Lower Jaw of Feetal
Kitten.

a, Epithelium of the free surface of the gum ;'b, the mucous membrane of same;
¢, spongy bone of jaw ; d, papilla of tooth : e, vdontoblasts : f, dentine ; g,
enamel ; i, membrane of E:lﬁll]{ﬂl 3 i, enamel eells; j, middle layer of enamel
organ; k, outer layer of enamel organ.

lium and the enamel cap becomes greatly thinned out
and pushed on one side, owing to the growth of the
enamel cap and papilla taking place chiefly to one side
of the original dental groove.

225. The enamel cap (Fig. 184) is composed of
three strata—an inner, middle, and outer stratum.
The inner stratum is a layer of beautiful columnar
epithelial cells—the enanmel cells,; they were originally
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continuous with the deep layer or the columnar cells
of the surface epithelium. The middle stratum is the
thickest, and is of great transparency, owing to a
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Fig. 185, —From a Vertieal Section through Feetal Tooth of Dog.  (Atles.)
a, Spindle-shaped cellsof the tooth pulp; b, the layer of odontoblasts ; ¢, the

most recently formed layer of dentine; ¢l, older dentine ; d, the layer of
enamel cellz; ¢2, the enamel ; &, outer cellz of enamel organ : f, tigsue of the

tooih sac.
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transformation of the middle layer of the epithelial
cells into a spongy gelatinous tissue, due to accumu-
lation of fluid Letween the epithelial cells of this
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layer, and to a reduction of their substance to thin
nucleated plates, apparently branched. The outer
stratum consists of one or more layers of polyhedral
cells, continuous on the one hand with the surface
epithelium by the bridge of the rudiment of the
enamel organ, and on the other with the enamel cells.

226. The fetal tooth papilla i1s a vascular em-
bryonic or gelatinous t!%‘-ﬁlt‘; on its outer surface a
E’:ﬂlldf‘ll‘-‘atlt}n of its cells 1s soon noticeable into a more
or less continuous stratum of elongated or columnar
cells, the odontoblasts.

227. Both the dentine and enamel are developed
in connection with the odontoblasts and the enamel
cells (Fig. 185); the former produce the dentine
on their outer surface, while the latter, 7.e. the
enamel cells, deposit the enamel on their inner
surface ; thus it happens that the enamel is in
close contact with, and on the outside of, the
dentine. The dentine and enamel are deposited
gradually and in layers. At first they are soft
tissues, showing a vertical differentiation corre-
sponding to the individual cells of the enamel cells
and odontoblasts respectively. Soon lime salts are
deposited in them, at first imperfectly, but afterwards
a perfect petrification takes place. The layer of most
recently formed enamel and dentine is more or less
distinctly marked off from the more advanced layer,
the most recently formed layer of the enamel being
situated next to the enamel cells, that of the dentlm.
next to the odontoblasts (Fig. 1‘46). The amount
of enamel and dentine formed is always greatest
in the upper part, ze that corresponding to the
future crown. The milk teeth, while continuing
to grow, remain buried in the mucous membrane
of the gum, till after birth their proper time
arrives, when by active growth and enlargement
they break through the gum. During this process
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the enamel of the crown remains covered, z.e. carries
with 1t the inner stratum of the enamel organ only,
i.e. the enamel cells (Fig. 186, ec): these, at the
same time as the surface of the enamel increases,

Fig. 186.—From a Section through the developing Tooth of Kitten.
= . "eLOPIng

{f’fqufﬁugr'(tj'-fr. Ji !_,l'.;urr,r .'.'H'.Jfrr-l.f!'r". J
p, Pulp of the tooth 11|l::|ll |1 o, layer of odontoblasts ; d, dentine : &, 11]‘HIH |

enamel cells ; o, middie |i."-l: r of enamel organ ; ot, outer IJH r of enamel
OTEAnN.

become much flattened, and, finally losing their nuclei,
are converted into a layer of tnunlment scales, the
membrane or cuticle of Nasmyth (Fig. 184, 4).

228, Long before the milk tooth breaks through
the gum, tlww appears a solid cylindrical mass 0f
epithelial cells extending into the de :pth from the
original conne ction between the enamel organ and the
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epithelinm of the surface of the gum mentioned above,
This new epithelial outgrowth represents the germ for
the enamel organ of the permanent tooth ; but it
remains stationary in its growth till the time arrives
for the milk tooth to be supplanted by a permanent
tooth. Then that rudiment undergoes exactly the
same changes of growth as the enamel organ of the
milk tooth did in the first period of feetal life. A
new tooth is thus formed in the depth of the alveolar
cavity of a milk tooth, and the growth of the former
in size and towards the surface gradually lifts the
latter out of 1its socket.

Mummery has shown that the dentine contains
petrified fibres and trabecul:e, which are direct con-
tinuations of the pulp tissue, and are comparable to
the fibres of Sharpey in bone
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CHAPTER XXIV.
THE SALIVARY GLANDS.
229. Tue salivary glands, according to their

structure and secretion, are of the following kinds :—
(1) True salivary (Fig. 187), serous, or albuminous

Fig. 187.—From a Section through a Serous or True Salivary Gland ; part
of the Human Submaxillary, (4tlas,)

a, The gland alveoli, lined with the albuminous “ salivary cells”; b, intralobular
duct cut transyerzely.

glands, such as the parotid of man and mammals,
the submaxillary and orbital of the rabbit, the sub-
maxillary of the guinea-pig.  They secrete true, thin,
watery saliva.
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230. (2) Mucous glands. Of these there are several
varieties. 'In the first place, there is the pure mucous
gland {Fi" 88), represented by the sublingual gland
of the guinea-pig and many of the simple buccal fr]mula
of the mouth. In the next place, the ae.--:,mtmg

Fig. 188.—From a Section through the Orbital (mucous) Gland of Dog.
Quiescent State. (Heidenlhoin.)

The alveoli are lined with transparent * mucous eells,"” and outside these are the
demilunes of Heidenhaim,

alveolus may contain other cells than true mucous
cells (mucous glands with demilunes). There may be
comparatively few of this second variety of cell in the
alveolus, and such cells may have an entirely peripheral
position in the alveolus,and, being thusadapted in shape
to the globular character of the alveolus, may become
flattened between the basement membrane and more
centrally disposed mucous cells, so that in section they
have the appearance of half-moon-shaped masses,
and are hence called demilune cells. The alveolus
may contain few of these demilune cells, as in the
orbital or submaxillary gland of the dog (Fig. 188), or
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a more or less complete ring of such cells may exist,
as in the submaxillary gland of the cat (Fig. 190).
Finally, this second variety of cell may be so largely

Fig. 189, —8Section through a Pure Mucous Gland in the Resting State. The
nuclei are seen flattened at the periphery of the alveoli. The eells are
not deeply stained. There are no demilune cells. (Microphotograph.)

represented as to cause the gland to be described as
belonging to a separate variety—mixed glands.

231, (3) Mized salivary, muco-salivary, or sero-
mucous glands. Here some alveoli may be entirely
serous, some may belong to one of the varieties of
so-called mucous glands. Sometimes the alveoli may
contain both serous and mucous cells similarly
sitnated around the lumen, so that we may have
actually a mixed salivary alveolus (Fig. 191). It
is justifiable to assume that demilune cells really
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represent occasional serous cells present in a mucous
alveolus, and these cells occupy a peripheral position.

In addition to the three salivary glands—parotid,
submaxillary, and sublingual — there are In some

Fig. 190.—Seection through the Submaxillary Gland of Cat. The alveoli are
in nearly all cases surrounded by a dark rim, composed of demilune
cells. More deeply-stained masses consisting of duets are also seen.
(Microphotograph.)

cases, as in the rabbit and the guinea-pig, two minute
additional glands, one intimately joined to the parotid
and the other to the submaxillary, and both of the
nature of a mucous gland. These are the superior and
inferior admaxillary glands.

232. The framework,—Each salivary gland
is enveloped in a fibrous connective-tissue capsule,
in connection with which are fibrous trabecule and

T
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septa in the interior of the g¢land, by which the sub-
stance of the latter is subdivided into lobes, these
again into lobules, and these finally into the alveoli
or acinl. The duct, large vessels and nerves pass

Fig. 191.— Section through a Human Submaxillary Gland. Nearly all the
alveoli consist of albuminous eells. There is also to be seen a fairly
large number of somewhat larger and less deeply-stained alveoli which
consist largely of mucous cells. (Microphotograph.)

to and from the gland by the hilum. The connective
tissue is of loose texture, contains elastic fibres, and, in
some instances more, in others less, numerous lymphoid
cells. In the sublingual gland they are so numerous
that they form continuous rows between the alveoli.
The connective-tissue matrix between the alveoli is
chiefly represented by fine bundles of fibrous tissue
and branched connective-tissue corpuscles.
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233. The duets.—Following the chief duect of
the gland through the hilum into the interior, we see
that it divides into several large branches, “'I.Ll.ﬂldlll"'
to the number of lobes ; each of these takes up se ‘Lﬁl:tl
branches, one for each lobule. Following it into the
lobule, the branch is very minute, and is seen to take
up several more minute tubes ; all these tubes within
the lobule are the wntralobular dwucts ov the salivary
tubes of Pfliger; the bigger ducts being the inter-
lobw!ar, and, further, the wnferlobar duects. Each of
the latter consists of a limiting membrana propria,
strengthened, according to the size of the duet, by
thicker or thinner tmlmcuhe of connective tissue. In
the chiet branches there is present in addition non-
striped muscular tissue. The interior of the duct is
a cavity lined with a layer of columnar epithelial cells.
In the largest branches there is, outside this layer and
inside the membrana propria, a layer of small poly-
hedral cells.

234, The imtralobular ducts, or the salivary
tubes of Pfliiger, have each a distinct lumen or cavity,
which is lined “1t11 a single layer of columnar epithe-
lium, and outside this is a llll‘lltlllﬂ' membrana propria.
Each of the lining epithelial -::e]l*-_: has a spherical
nucleus in about the middle; the outer half of the
cell substance shows very marked longitudinal stria-
tion, due to more or less coarse fibrillee (see Fig. 187).
The inner half—1.e. the one bordering the lumen—is
granular, or only very faintly striated. The outline
of these salivary tubes is never smooth, but irregular—

.2. the diameter of the tube varies from place to place.

Not in all salivary glands do the epithelial cells
of the intralobular ducts show this coarse flbrillation
in the outer part of their substance—eg. it 1is
not present in the sublingual gland of the dog or
the guinea-pig.

235. The ends of the branches of the salivary
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tubes are connected with the secreting parts of the
lobule—z.e. the acini or alveoli. These always very
conspicuously differ in structure from the salivary
tubes.

The last part of the duct which is in immediate
connection with the alveoli is the infermediate part,
this being interposed, as it were, between the alveoli
and the salivary tube with fibrillated epithelium. The
intermediate part is much narrower than the salivary
tube, and 1s lined with a single layer of very flattened
epithelial cells, each with a single oval nucleus; the
boundary is formed by the membrana propria, con-
tinued from the salivary tube. The lumen of the
intermediate part is much smaller than that of the
salivary tube, and is generally lined with a fine hyaline
membrane, with here and there an oblong nucleus
in it.

At the point of transition of the salivary tube
into the intermediate part there is generally a sudden
diminution in size of the former, and the columnar
cells of the salivary tube are replaced by polyhedral
cells ; this is the neck of the intermediate part. In
some salivary glands, especially in the mucous, this
neck is the only portion of the intermediate part
present—e.g. in the submaxillary and orbital glands
of the dog and cat, and in the sublingual of the
rabbit, In others, especially in the serous salivary
glands, as the parotid of man and mammals, the sub-
maxillary of the rabbit and guinea-pig, and in the
mixed salivary—as the submaxillary and sublingual
of man—there exists after the neck a long inter-
mediate part, which gives off several shorter or longer
branches of the same kind, all ending in alveoli.

236. The alveoli or aecini are the essential or
secreting portion of the gland ; they are flask-shaped,
club-shaped, shorter or longer cylindrical tubes, more
or less wavy or, if long, more or less convoluted ; many
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of them are branched. Generally several open into
the same intermediate part of a salivary tube. The
acini are much larger in diameter than the inter-
mediate part, and 511rr]1t11r larger, or about as large as
the intralobular ducts. But there is a difference in
this respect between the acini of a serous and of
a mucous salivary gland ; in the former the acini
are smaller than in the latter.

The membrana propria of the intermediate duct
is continuous with the membrana propria of the
acini. This is a reticulated structure, being in reality a
basket-shaped network of hyaline branched nucleated
cells (Boll). The lumen of the acini is minute in the
serous, but is larger in the mucous glands ; it is in
both glands smaller during secretion than during rest.

237. The epithelial cells lining the acini are “called
the salivary cells—they are of (.hl‘fer{—_-nt characters in
the different salivary glands, and chieily determine the
nature of the gland. The cells are separated from one
another by a fluid albuminous cement substance.
(i.) In the serous or true salivary glands, as parotid of
man and mammals, submaxillary of rabbit and guinea-
pig, the salivary celis form a single layer of shorter or
longer columnar or pyramidal albuwminous cells, com-
pnsed of a reticulated protoplasm, and containing a
spherical nucleus in the outer part of the cell. (ii.}
In the mucous glands, such as the sublingual of the
guinea-pig, or the adma.xﬂld,r} of the same ammal the
cells lining the acini form a single layer of ﬂublet
shaped mucous cells, such as have been described
above. Each cell consists of an inner prineipal part,
composed of a transparent m ucoid substance (contained
in a wide-meshed reticulum of the protoplasm), and of
an outer small, more opaque part, containing a com-
pressed and flattened nucleus. This part is drawn
out in a fine extremity, which, being curved in a
direction parallel to the surface of the acinus, 1s
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imbricated on its neighbours. In the case of the sub-
maxillary and orbital glands of the dog and the sub-
lingual of the rabbit, there exist, in addition to and
outside of the mucous cells lining the acini, but within
the membrana
propria,  from
place to place
crescentice
masses,  being
the demilunes of
Heidenhain, or
the crescents of
Granuzzr  (see
Fig. 188). Each
is composed of
several polyhe-
dral  granular-

looking cells,
: each - with a
Fig. 192.—From a Section through the Orbital spherical nu-

Gland of Dog, after prolongeil electrieal Stimu- A
lation. The aeini are lined with small granular cleus 1 the cells

cells. (Lovdovski.) at the n]gu'giﬂ
of the crescent

are, of course, thinner than those forming the middle.
Heidenhain and his pupils, Lavdovski and others,
have shown that, during prolonged exhausting
stimulation of the submaxillary and orbital of the
dog, all the lining cylindrical mucous cells become
replaced by small polyhedral cells, similar to those con-
stituting the crescents, while at the same time the acini
become smaller (Fig. 192). These observers maintain
that this change is due to a total destruction of the
mucous cells, and a replacement of them by new ones,
derived by multiplication from the crescent cells. This
is improbable, since during ordinary conditions of secre-
tions there is no disappearance of the mucous cells as
such ; they change in size, becoming larger during
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secretion, and their contents are converted into perfect
mucus. It is probable that, on prolonged exhaustive
stimulation, the mucous cells collapse into the small
cells, seen by Heidenhain and his pupils.

238, (iti.) The acini of the sublingual of the dog
are again different in structure both from those of the
subma xillary of the dog and of the sublingual of the
guinea-pig, for the acini are there lined either with
mucous cells or with columnar albuminous cells, or
the two kinds of cells follow one another in the saimne
alveolus.

This gland is a sort of intermediate form between
the Huhhn”u Wl of man and the submaxillary of man
and ape (I*w 191). These are the mixed or muco-
salivary glands. In these the great number of acini
are serous—i.e. small—with small lumen, and lined
with albuminous cells, whereas there are always present
a few acini exactly like those of a mucous gland. The
two kinds of acini are in direct continuity with one
another. In some conditions there are only very few
mucous acini to be met with within the lobule—so few
sometimes that they seem to be altogether absent ; in
others they are numerous, but even under most
favourable conditions they form only a fraction of
the number of the serous acini. In the sublingual of
man they are much more frequent, and for this reason
this gland possesses a great resemblance to the sub-
lingual of the dog.

What appear to be crescents in the mucous acini
of the human gland are an oblique view of albuminous
cells lining t,he acini at the transition between the
mucous and serous part of the same gland-tube.

239. The columnar salivary cells lining the acini
of the submaxillary of the guinea-pig in some condi-
tions show fwo distinet portions.: an outer homogeneous
or slightly and longitudinally striated substance, and
an inner, more transparent, granular-looking part, and
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in this respect the cells resemble those of the pancreas.
(See pp. 330-2.)

240. Langley has shown (Fig. 193) that during
the period preparatory to secretion the cells lining
the acini of the serous salivary glands become en-
larged and filled with coarse granules; during
secretion these granules become used up, so that the

Fig, 193.—Acini of Serous Gland. (Langley.)
A, At rest ; B, first stage of secretion ; ¢, prolonged secretion.

cell-substance grows more transparent, beginning from
the outer part of the cell and gradually advancing
towards the lumen of the acini. These granules may
be seen in the fresh gland, but reagents very rapidly
destroy them. Salivary glands hardened by the
usual reagents, though not themselves showing the
oranules, may, however, present appearances corre-
sponding to the removal of the granules from the
outer zone of the alveolus. It is found that in
such cases the outer zone stains more deeply
(Fig. 192), an appearance frequently met with in the
pancreas,

When the outer part of the alveolus is devoid
of granules, the alveolus is said to be active or
partially exhausted; when the granules reach practi-
cally to the outermost part of the cells, the alve-
olus is said to be resting. Under normal conditions
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secretion in the salivary glands never approaches ex-
haustion, though in the pancreas i1t is not uncommonly
the case.

241. Blood-vessels and lymphaties.—The
lobules are richly supplied with blood-vessels. The
arteries break up into numerous -capillaries, which
with their dense networks surround and entwine the
acini. Between the interalveolar connective tissue
carrying the capiliary blood-vessels and the membrana
propria of the acini exist lymph spaces surrounding
the greater part of the circumference of the acini
and forming an intercommunicating system of spaces.
They open into lymphatic wvessels accompanying the
intralobular duects, or at the marein of the lobule
directly empty themselves into the interlobular
lymphatics. The connective tissue between the lobes
contains rich pleruses of lymphatics.

242. The merve-bramnches form plexuses in the
interlobular tissue. In connection with them are
larger or swaller ganglia (Fig. 168). They are very
numerously met with in the submaxillary, but are
absent in the parotid. Some ganglia are present in
connection with the nerve-branches surrounding the
chief duct of the sublingual gland.

Pfliger maintains that the ultimate nerve fibres
are connected with the salivary cells of the acini in
man and mammals, but this remains to be proved.
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CHAPTER XXYV.
THE MOUTH, PHARYNX AND TONGUE.

243. The glands.—Into the cavity of the
mouth and pharynx open very numerous minute
elands, which, as regards structure and secretion,
are either serous or mucous. The latter oceur in
the depth of the mucous membrane covering the
lips, in the buccal mucous membrane, in that ot the
hard palate, and especially in that of the soft palate
and the uvula, in the depth of the mucous membrane
of the tonsils, at the back of the tongue, and in the
mucous membrane of the pharynx. The serous
aglands are found in the back of the tongue, in close
proximity to the parts containing the special organs
for the perception of taste—the taste goblets or buds
(see below). All the glands are very small, but
when isolated they are perceptible to the unaided eye
as minute whitish specks, as big as a pin’s head, or
bigger. The largest are in the lips, at the back of
the tongue and soft palate, where there 1s something
like a grouping of the alveoli around the small branches
of the duct, so as to form little lobules.

244, The chief duct generally opens with a narrow
mouth on the free surface of the oral cavity; 1t
passes in a vertical or oblique direction through the
superficial part of the mucous membrane. In the
deeper, looser part (submucous tissue) it branches
in two or more small ducts, which take up a number
of alveoli. Of course, on the number of minute ducts
and alveoli depends the size of the gland.
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In man, all ducts are lined with a single layer of
columnar epithelial cells, longer in the larger than
in the smaller ducts ; in mammals the epithelium
is a single layer
of polyhedral cells.
No fibrillation is
noticeable in the
epithelial cells. At
the transition of the
terminal duets into
the acini there 1s
oceasionally a slight
enlargement, called
the wnfundibulum ;
here the granular-
looking  epithelial
cells of the duct
change into the co-
lumnar transparent
mucous cells lining
the acini

245. The acini
ﬂf th:ﬂSE glfmd% e Fig. 194.—Part of a Lobule of a Mucous
1identical with those Gland in the Tongue of Dog. (Atlas.)
of the mucous glands  * Gand, TG, G 0 X ih transparent
dESﬂrled a,bm'e (Flg. ;::;if;]gg;ﬁfiflﬂ‘r]:ll d, duct lined with small
194)—e.g. the sub-
lingual gland as regards size, tubular branched nature,
the lining epithelium, and lumen.

In some instances (as in the soft palate and
tongue) the duct newr the opening is lined with
ciliated columnar epithelium. The stratified epithelium
of the surface is generally continued a short distance
into the mouth of the duct.

246. The serous glands at the root of the
tongue (von Ebner) differ from the mucous chiefly
in the epithelium, size, and lumen of the acini. These
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are of exactly the same nature and structure as those
of the serous or true salivary glands,

247. Saliva obtained from the mouth contains
numbers of epithelial scales detached from the surface
of the mucous membrane, groups of bacteria and
micrococei, and lymph corpuscles. Some of these are
in a state of disintegration, while others are swollen
up by the water of the saliva. In these there are
contained numbers of granules in rapid oscillation,
called Brownian molecular movement.

248, The mucous membrane lining the cavity
of the mouth consists of a thin membrane covered
on its free surface with a thick stratified pavement
epithelium, the most superficial cells being scales,
more or less changed into horn.

Underneath the epithelium is a somewhat dense
feltwork of fibrous connective tissue, with numerous
elastic fibrils in networks. This part is the corium or
mucosa, and 1t projects into the epithelium in the
shape of cylindrical or conical papillce.

According to the thickness of the epithelium, the
papillze differ in length. The longest are found where
the epithelium is thickest—e.g. in the mucosa of the
lips, soft palate, and uvula.

Numerous lymph corpuscles are found in the
mucosa of the palate and uvula. Sometimes they
amount to diffuse adenoid tissue. The deeper part of
the mucous membrane is the submicosa. 1t 1s looser
in its texture, but it also is composed of fibrous con-
nective tissue with elastic fibrils. The glands are
here embedded ; adipose tissue in the shape of groups
of fat cells or continuous lobules of fat cells are here
to be met with. The large vascular and nervous
trunks pass to and from the submucosa.

249, Sriped muscular tissuwe is found in
the submucosa. In the lips, soft palate, uvula, and
palatine arches it forms a very conspicuous portion :
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namely, the sphincter orbicularis, with its outrunners
into the mucous membrane of the lips, the muscles of
the palate, uvula (levator and tensor palati), and the
arcus palato-pharyngeus and palato-glossus.

250. The last branches of the arteries break up in

Fig. 195.—8ection throngh the Tongue of Cat ; the Blood-vessels injected.
The lower part of the figure shows the injected muscular tissue, in the
middle part the mucous membrane with large vessels ; the upper part
shows the papille filiformes, with their ecapillary blood-vessels.
(FPhotograph by Mr. A. Pringle.)

a dense capillary netiwork on the surface of the mucosa,
and from it loops ascend into the papillee.  Of course,
fat tissue glands and muscular tissue receive their
own supply. There is a very rich plexus of veins in
the superficial part of the mucosa. They are con-
spicuous by their size and the thinness of their wall.
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The lymphatics form networks in all layers of the
mucosa, Including the papillze. The large efferent
trunks are situated in the submucosa. The last out-
runners of the nerve-branches form a plerus of non-
medullated fibres in the superficial layer of the mucosa,
whence numerous primitive fibrillee ascend into the
epithelium to form networks, Meissner’s tactile cor-
puscles have been found in the papille of the lips and
in those of the tongue.

251. In the pharynx the relations remain the
same, except in the upper or nasal part, where we
find many places covered with columnar ciliated
epithelium. As in the palatine tonsils, so also here,
the mucosa 1s infiltrated with diffuse adenoid tissue,
and with lymph follicles in great numbers. This forms
the pharyngeal tonsil of Luschka.

In the palatine tonsil and in the pharyngeal tonsil
there are numerous crypts leading from the surface
into the depth. This is due to the folding of the in-
filtrated mucosa. Such crypts are, in the pharynx,
sometimes lined all through with ciliated epithelium,
although the parts of the free surface around them
are covered with stratified pavement epithelium.

252, The tomgue is a fold of the mucous mem-
brane. Its bulk is made up of striped muscular tissue

genio-, hyo-, and stylo-glossus ; according to direction:
longitudinalis superior and inferior, and transversus
linguz). The lower surface is covered with a delicate
mucous membrane, identical in structure with that
lining the rest of the oral cavity, whereas the upper
part 1s covered with a membrane, of which the mucosa
projects over the free surface as exceedingly numerous
fine and short hair-like processes, the papille filiformes,
or as less numerous, isolated, somewhat longer and
broader mushroom-shaped papillee fungiformes. The
papillze, as well as the pits between them, are covered
with stratified pavement epithelium, Each has numbers
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of minute secondary papillee. Their substance, like
the mucous membrane of the tongue, is made up of
fibrous connective tissue. The mucous membrane is on
the whole thin, and is firmly and intimately connected

Fig. 196.—Section through the Papilla Foliata of Rabbit, showing the Taste
Buds amongst the Epithelium. In the depth are bundles of muscular
fibres and glands. Magnifying power, 40. (Pholograph by Mr. A
Pringle.)

with the fibrous tissue forming the septa between the
muscular bundles of the deeper tissue. It contains
large vascular trunks, amongst which the plexus of
veins is very conspicuous (Fig. 195). On the surface of
the mucosa is a rich network of capillary blood -vessels,
extending as complex loops into the papillee. Lym-
phatics form rich plexuses in the mucosa and in the
deep muscular tissue. Adipose tissue is common
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between the muscular bundles, especially at the back
of the tongue.

253. There are two varieties of glands present in
the tongue, the mucous and serous. The latter occur
only at the back, and in the immediate neighbourhood

Fig. 197.—Section throngh Taste Organ (Papilla Foliata.) From same
preparation as Fig. 196, more magnified, to show the taste buds.
(Photograph by Mr. A. Pringle. )

of the taste organs; the mucous glands are chiefly
present at the back ; but in the human tongue there
are small mucous glands (glands of Nuhn) at the tip.
All the glands at the back are embedded between the
bundles of striped muscular tissue, and thus the move-
ments of the tongue have the effect of squeezing out
the secretion of the glands. About the glands
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numerous nerve bundles are found connected with
minute ganglia.

At the root of the tongue the mucous membrane is
much thicker, and contains in its mucosa numerous
lymph follicles and diffuse adenoid tissue. Thus
numerous knob-like or fold-like prominences of the
mucosa are produced. There are also minute pits or
crypts leading into the depth of these prominences.

254, The papillee cirenmvallatae are large
papillee fungiformes, each surrounded by a fold of the
mucosa. They contain taste goblets or buds—:.e. the
terminal taste organs. At the margin of the tongue,
in the region of the circumvallate papille, there are
always a few permanent folds, which also contain taste
goblets. Insome domestic animals these folds assume
a definite organisation—e.g. in the rabbit there is an
oval or circular organ composed of numbersof parallel
and permanent folds, papilla foliata (Fig. 196).

255. The papillee fungiformes of the rest of the
tongue also contain in some places a taste goblet. DBut
most of the taste goblets are foundon the papille circum-
vallatee and foliatee, In both kinds of structures the
taste goblets are placed in several rows close round
the bottom of the pit, separating, in the papille
circumvallate, the papillee fungiformes from the fold
of the mucosa surrounding it : in the papilla foliata
the pits are represented by grooves separating the
individual folds from one another.

256, The taste goblets or taste buds are
barrel- or flask-shaped structures (Fig. 197) extending
in a vertical direction through the epithelium, from the
free surface to the mucosa. Kach is covered with flat-
tened, elongated epithelial cells, forming its periphery ;
these are the tegmental cells. The interior of the goblet
is made up of a bundle of spindle-shaped or stafl-shaped
taste cells. Each includes an oval nucleus, and is
drawn out into an outer and an inner fine extremity. -

U
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The former extends to the free surface, projecting just
through the mouth of the goblet, and resembles a fine
hair ; the latter is generally branched, and passes
towards the mucosa, where it probably becomes
connected with a nerve fibre. The mucosa of these
parts contains rich plexuses of nerve fibres,
According to Retzius the medullated nerve fibres

Fiz, 198.—Ending of Nerve Fibres inand around Taste Buds of Rabbit. (G.
Retzius, from Quain.)

n, Nerve fibres ; b, taste bud; 4, intrabulbar ramification of nerve fibrils; &
peribulbar ramification of nerve fibrils ; , sulcus between two adjacent fol
of the papilla foliata.

entering from the mucosa lose their medullary
sheath and continue their course, either as peribulbar
ramifications between the tegmental cells, or as intra-
bulbar fibres between and amongst the taste cells.
Both sets of fibres terminate with free knoblike
endings (Fig. 198).

Into the pits surrounded by taste goblets open the
ducts of the serous glands only (von Ebner).
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CHAPTER XXYVI.
THE (ESOPHAGUS AND STOMACH.

257. 1. The eesophagus. Beginning with the
esophagus, and ending with the rectum of the large
intestine, the wall of the alimentary canal consists of
an inner coat or mucous membrane, an outer or
muscular coat, and outside this a thin fibrous coat,
which, commencing with the cardia of the stomach, is
the serous covering, or the visceral peritoneum.

The epithelium lining the inner or free surface of
the mucous membrane of the esophagus is a thick,
stratified, pavement epithelium.

In Batrachia, not only the oral cavity and
pharynx, but also the wsophagus, are lined with
ciliated columnar epithelium.

The mucous membrane is a fibrous connective-
tissue membrane, the superficial part of which is
dense—the mucosa ; this projects, in the shape of
small papillze, into the epithelium.

The deeper, looser portion of the mucous membrane
is the submucosa ; in it lie small mucous glands, the
ducts of which pass in a vertical or oblique direciion
through the mucosa, in order to open on the free
surface. In man these glands are comparatively
scarce ; in carnivorous animals (dog, cat) they form
an almost continuous layer (Fig. 199).

258. Between the mucosa and submucosa are
longitudinal bundles of non-striped muscular tissue.
At the beginning of the wsophagus they are absent,
but soon make their appearance—at first as small
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bundles separated from one another by masses of con-
nective tissue ; but lower down, about the middle,
they form a continuous stratum of longitudinal
bundles. This is the muscularis mucose (Fig. 200).

Fig. 199.—From a Longitudinal Section through the Mucous Membrane of
the (Esophagus of Dog. (Atlas.)

¢, Stratified pavement epithelium of the surface; wm, muscularis mucos@ ;
between the two is the mucosa ; g, mucous glands ; d, ducts of same,

QOutside the submucosa is the muscularis externa.
This consists of an inner thicker circular and an outer
thinner longitudinal coat. And outside this is the
outer, or limiting, fibrous coat of the wsophagus. In
man the outer muscular coat consists of non-striped
muscular tissue, except at the beginning (about the
upper third, or less) of the @sophagus, which is
composed of the striped variety; but in many
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mammals almost the whole of the external muscular
coat, except the part nearest the cardia, is made up of
striped fibres.

259. The large vessels pass into the submucosa,

Fig. 200.—Transverse Section through the (Esophagus of a Newly-born
Child. (Photograph. Low magnificafion.)

1, Stratified epithelium of the inner surface; 2, mucosa containing eross-cut
bundles of non-striped muscle, muscalaris mucose : 2, onter muscnlar coat.

whence their finer branches pass to the surface parts.
The superficial part of the mucosa and the papillze
contain the capillary networks. The outer muscular
coat and the muscularis mucose have their own
vascular supply. |

There is a rich plexus of lymphatics in the mucosa,
and this leads to a plexus of larger vessels in the
submucosa (Teichmann). The nerves form rich
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plexuses in the outer fibrous coat; these plexuses
include numerous ganglia. A second plexus of non-
medullated fibres lies between the longitudinal and
circular muscular coat ; a few ganglia are connected
with this plexus. In the submucosa are also plexuses
of non-medullated fibres. Now and then a small
canglion is connected also with this plexus.

260. II. The stomach. —Beginning with the
cardia, the muecous membrane of the stomach is covered
with a single layer of beautiful thin columnar epithelial
cells, most of which are mucus-secreting goblet cells.
On the surface of the mucous membrane of the stomach
open numerous fine ducts of glands, placed very closely
side by side. These extend, more or less vertically, as
minute tubes, into the depth of the mucous membrane.
In the pyloric end, where the mucous membrane
presents a pale aspect, the glands are called the pylorie
glands ; in the rest of the stomach, the mucous
membrane presents a reddish or red-brown appearance,
and here the glands have a different character. This
second variety of gland is typical of the cardiac end
of the stomach as distinet from the pylorie, and hence
is described as the cardiac gland.

261. The part of the mucous membrane containing
the glands is the mucosa; outside this is a loose
connective tissue containing the large vessels—this
is the submucosa. Between the two, but belonging to
the mucosa, is the mauscularis mucosee, a thick stratum
of bundles of non-striped muscular tissue, arranged
in most parts of the stomach as an inner circular and
an outer longitudinal layer. The tissue of the mucosa
contains the gland tubes, arranged more or less in
small groups. Between them is a delicate connective
tissue, in which the minute capillary blood-vessels
pass in a direction vertical to the surface. Numerous
small bundles of non-striped muscular fibres pass from
the muscularis mucose towards the surface—up



STOMACH. 311
to near the epithelium of the surface—forming
longitudinal muscular sheaths, as i1t were, around
the gland tubes.

The plicze villosee of the superficial part of the

Fig. 201.—Cardiac Glands.

A, Under a low power ; d, duct ; n, neck. B, part of the fundus of a gland tube
under a high power ; p, parietal cells ; ¢, chief cells.

mucosa contain fibrous connective tissue and numerous
lymphoid cells.
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262, The eardiac glands (Fig. 201) are more
or less wavy tubes, extending down to the muscularis
mucos®, The deep part is broader than the rest, and
1s more or less curved, seldom branched. This is the
fundus of the gland ; near the surface of the mucosa
1s the thinnest part of the tube ; this is the neck.
Two or three neighbouring glands may join and open
into a short cylindrical duct. The duct is lined with
a layer of columnar epithelial cells, continuous and
identical with that covering the free surface between
contiguous glands. The duct may be really repleaented
by a shallow depression from the surface; it is then
more usual to speak of the mouth of the frland.

263. The epithelinm covering the Surfaf:e consists
of mucous cells. The outer two-thirds stain very
slightly as a rule, the nucleus is oval and situated in the
inner third of the cell, where the cell substanee stains
more deeply. At the base of these cells more deeply
staining replacement cells may be seen. The neck
and fundus of the cardiac gland is made up of two
kinds of cells. The first variety occupies in general a
more central position around the lumen, the cells are
as a rule very indistinet in their ﬂutlulef; the nucleus
is in the outer half of the cell and usunally somewhat
shrunken. These cells are usually spoken of as the
central, peptic, or chief cells. The shape of these cells
is cubical or short columnar. The other variety of
cell is characterised by a more peripheral position—at
any rate, in the fundus of the gland, their outlines are
much more distinet ; the nucleus is oval and situated
in the centre of the cell. These cells may impinge on
the lumen at the neck of the gland, where they are
most numerous ; in the fundus they are scattered and
placed between the investing membrane and the
central cells. These cells are spoken of as parietal,
oxyntic, or ovoid cells. The ecardiac glands may
present appearances showing the secretion in the
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condition of granules In the cells. Granules are
observable both in the parietal and central cells;
they are more conspicuous and more easily preserved
in the latter., |

264. The pylorie glands (Fig. 202).—The duct
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Fig. 202.—Vertical Section throngh the Pyloric Region of the Gastrie
Mucous Membrane. (Microphotograplh.)
The wide funnel-shaped mouths are seen at the level M, the twisted ends ent

across in various planes at level ¥; the darkish band at level m.m. is the
musecnlaris mucos® ; sm., submucous layer.

of each pyloric gland is several times longer than that of
the cardiac. The duct of the former occupies in some
places as much as half of the thickness of the mucosa,
whereas that of the latter does not exceed, in the
fundus of the stomach or in the cardia, more than one-
fourth or one-fifth of the thickness.
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The epithelium lining the duct of the pylorie
glands is similar to that of the free surface. Several
tubes open into one duct by a short neck. The
fundus or tube is much convoluted and generally
branched. It is lined by only one variety of cell,

Fig. 203.—From a Seection through the Transition of the Pylorus into the
Duodenum. (Microphotograph. Low power.)

a, Duodenal mucous membrane with villi; &, pyloric mucosa with lgmph
follicles ; ¢, Brunner's glands directly continnous with the pyloric glands.

which bears some resemblance to the central cell of
the cardiac glands. It is difficult to make out any
appearance of granules either in the fresh or hardened

condition.
265. Between the mucous membrane with cardiac

glands and the pyloric end of the stomach with pylorie
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olands there is a narrow intermediate zone, in which
the cardiac glands appear by degrees to merge into
the pyloric glands. That is to say, the short duct of
the former wmdua,llv elongates, the gland tubes get
shorter in proportion and emwﬂluted their lumen
gradually enlarges, and the parietal cells become fewer
and ultimately disappear.

266. The mucosa contains isolated lymph follicles,
the so-called glandulz lenticulares (Fig. 203).

The spaces between the glands themselves and
between the glands and the 11111%{.11151115 mucose are
filled up by a delicate connective tissue somewhat
condensed immediately around the tubes. Leucocytes
are plentiful in the meshes of this network. One
particular variety of leucocyte, the so-called basophile
cell, may under certain conditions be very conspicuous.

267. The submucosa is of very loose texture, and
enables the mucosa to become easily folded in all
directions.

268. The muscular coat is very thick, and consists
of an outer longitudinal and an inner thicker circular
stratum of non-striped muscular tissue. Numerous
oblique bundles are found in the inner section of the
circular stratum.

The gland tubes are ensheathed in a network of
capillary blood-vessels derived from the arteries of
the submucosa. This network forms on the surface
a special dense horizontal layer, from which the venous
branches are derived. The outer muscular coat and
the muscularis mucose possess their own wvascular
supply.

269. The Iymphatics form a network in the
mucosa near the fundus of the glands. Into this
plexus lead Ilympathics which run longitudinally
between the glands ; they anastomose with one
another freely, and extend to near the inner surface
(Lovén), Another plexus is found in the submucosa.
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Between the longitudinal and circular stratum of
the outer muscular coat, and extending parallel to the
surface, is a plexus of non-medullated nerve branches
with a few ganglia in its nodes. This corresponds to
the plexus of Auerbach of the intestine, and is destined
for the outer muscular coat. A second plexus of non-
medullated nerve branches with ganglia also extending
parallel to the surface lies in the submucosa. This
corresponds to the plexus of Meissner of the intestine,
and is destined for the muscularis mucose and the
IMUCOSA.

According to Rabe, the gastric gland tubes in the
horse are surrounded by a rich plexus of nerve fibres,
terminating in peculiar spindle-shaped cells.



317

CHAPTER XXYVIL
THE SMALL AND LARGE INTESTINE.

270. Tue epithelium covering the inner or free
surface of the mucous membrane of the small and
large intestine is a single layer of columnar cells, their
protoplasm more or less distinctly longitudinally
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Fig. 204.—Epithelium covering the B?rf:ice of a Villus of Small Intestine.
(Atls,

i, Strinted free border ; b, goblet cell.

fibrillated ; their free surface appears covered with
a vertically and finely stiriated free border (Fig. 204).
Many cells are goblet cells. Underneath the epithe-
lium is a basement membrane, the sub-epithelial
endothelium of Debove.

As in the stomach, so also in the small and large
intestine, the mucosa is connected with the outer
muscular coat by a loose-textured fibrous submucosa,
in which lie the large vascular trunks, and in many
places larger or smaller groups of fat cells and lymph
corpuscles. Between the mucosa and submucosa, but
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belonging to the former, is a layer of non-striped
111115(3111;11' tissue, the muscularis mucose. This is in
many places cmnpo&ed of inner f:lrcula.t and outer
longitudinal bundles, but there are a good many
places, especially in the small intestine, where only a
layer of longitudinal bundles can be made out.

The tissue of the mucosa is similar in structure
to adenoid tissue (Kig. 205), consisting of a reticular

Fig. 205.—From a Longitudinal Section through a Villus of the Small
Intestine.
i, Epithelium of the surface; b, non-striped muscular flbres. Immediately

underneath the epithelium is a ‘basement membrane with oblong nuclei ; the
tigsue of the villus 18 made up of a reticulum of cells; in its l:luﬂl.'lr:“- are

Iymph corpuscles,

matrix with flattened large nucleated endotheloid
cells and numerous lymph corpuscles. These ave
either small lymph corpuscles like leucocytes, or they
are somewhat larger and filled with coarse granules
—plasma cells. The mucosa of the small and large
intestine contains simple gland tubes, the crypts or
follicles of Lieberkiihn (Fig. 206); they are placed
vertically and closely side by side, extending from the
free surface, where they open, to the muscularis
mucose. These glands possess a large lumen, and are
lined with a single layer of columnar epithelial cells,
many of them goblet cells.

271. In the small intestine the mucosa projects
beyond the surface as numerous longer or shorter,
cylindrical, conical, or leaf-shaped willi (Fig. 206).
These are, of course, covered with the columnar
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epithelinm of the general surface, and their tissue is the
same as that of the mucosa—i.e. adenoid tissue (Fig.
207)—with the addition of: (@) One or two central wide
chyle (lymph) vessels (Fig. 209), their wall being a
single layer of endothelial plates. (b) Along these

lie B D)
Fig. 206,—From a Vertical Section through a Fold of the Mucous Mem-
brane of the Jejunum of Dog. (Atlas.)

¢, Mucosa, containing the crypts of Lieberkiihn, and projecting as the villi;
mt, muscularis mucos® ; &, submucosa,

chyle vessels are longitudinal bundles of non-striped
muscular tissue, extending from the base to the apex of
the villus, terminating in connection with the cells of
the basement membrane —i.e. the sub-epithelial endo-
thelium. (¢) A network of capillary blood-vessels ex-
tending over the whole of the villus close to the
epithelinm of the surface (Fig. 208). This capillary
network derives its blood from an artery in about the
middle or upper part of the villus. Two wvenous
vessels carry away the blood from the villus.
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The Lieberkiihn’s crypts open between the bases
of the villi.
About the base of the villi of the small intestine,

Fig. 207.—Transverse Section through Villus of Sinall Intestine of Dog.
(Heidenhoin.)

Showing the columpar epithelium lining the free suriace, the adenoid tissue

forming the groundwork ; amongst the lymph cells of this adenold tissue
there are numerouns large cells filled with fat-droplets ; the central lacteal as -

alsp the capillary blood-vessels are shown cut across.

and about the base of the plice villosz of the stomach
(p. 311), there exist amongst the epithelium of the

surface peculiar goblet-shaped groups of epithelial
cells, which, as Watney has shown, are due to local

multiplication of the epithelial cells.
272. Lymph follicles occur singly in the submucosa,
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and extend with their inner part or summit through
the muscularis mucos into the mucosa to near the
internal free surface of the latter (Fig. 209). These
arve the solitary lymph follicles of the small and large
intestine ; in the latter they are larger than in the
former.

Agminated glands, or Peyer’s glands, are larger or
smaller groups of lymph follicles, more or less fused
with one another,
and situated with
their main part in
the  submucosa,
but extending
with their summit
to the epithelium
of the free surface
of the mucosa
(Fig. 210). In the
lower part of the
ileum these

Peyer’s glands are _ ‘ R R
: s Fig, 208.—From a Vertical Section through the
very numerous. Small Intestine of Mouse; the blood-vessels

The ﬂpitht‘]illﬂl are injected. (Atlas.)

L'DVEI‘ng the sum- The networks of the cg r‘i;i‘[_tlr‘iesnf the villi are well
mits of these

lymph follicles is invaded by, and more or less
replaced by, the lymph corpuscles of the adenoid
tissue of the follicles (Watney), similar to what
is the case in the tonsils (see par. 124). Isolated
lymph corpuscles are met with amongst the epithelium
also of other parts of the intestine—e.g. the epithelium
covering the villi (Fig. 204).

The outer muscular coat consists of an inner thicker
circular and an outer thinner longitudinal stratum of
non-striped muscular tissue.

In the large intestine, in the *‘ ligamenta,” only the

longitudinal layer is present, and is much thickened.
"'.'
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273. The blood-vessels form separate systems of
capillaries for the serous covering, for the outer mus-
cular coat, for the muscularis mucosw, and the richest
of all for the mucosa with its Lieberkiithn’s crypts.
The capillary network of the villi is connected with
that of the rest of the mucoswe (Fig. 20R).

Fig. 209.—From a Section through a part of a Human Pever's Pateh,
showing the distribution of the lymphatie vessels in the mucosa and

submucosa. (Frey.)

a, Villi, with central chyle vessel; b, Lieberkiihn's crypts: ¢, region of muscn-
laris mucosz : f, lymph follicle ; g, network of lrmp atics around the lym h
follicle: I, lymphatic network of submucosa: k, efferent lymphatic trun

The chyle vessel, or vessels of the villi, commence
with a blind extremity near the apex of the willi.
At the base the chyle vessel becomes narrower and
empties itself into a plexus of lympbhatic vessels and
sinuses belonging to the mucosa, and situated be-
tween the crypts of Lieberkiihn (Fig. 209). This
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network is the same both in the small and large
intestine, as is also that of the lymphatics of the
submucosa with which the former communicates. The
lymph follicles are generally surrounded with sinuous
vessels of this plexus. The efferent trunks of the

Fig. 210.—Cross section through the Ciecum of Rabbit, showing a Pever's
Patch,

a, Mucons membrane; b, summits of the lymph follicles reaching the [ree
surface; ¢, hody of the Iymph follicles in the submucous tiszne ; d, outer
muscular coat. (Photo. Lot Magnification.)

submucous plexus, while passing through the outer
muscular coat in order to reach the mesentery, take
up the efferent vessels of the plexus of the lym phatlcs
of the muscular coat,
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274. The ehyle, composed of granules and fat
globules of different but minute sizes, passes from the
inner free surface of the mucous membrane of the
small intestine through the epithelium into the spaces
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Figz. 211.—Vertical Section through the Mueous Membrane of the large
Intestine. (Microphotograph.)

Some six glands are shown occupying almost the full height of the photograph.
The lumen of the zland is large, the glands h_emn; hardened in the distended
condition. The epithelium lining 15 seen to include a very large number of
roundish, clear, and but slightly staining cells, these being goblet cells.

The nucleated cellz of the enb-epithelial reticular tissue are seen between the
glands,

of the reticulum of the villi, and from here into
the central chyle vessels. The plasma-corpuscles
in the reticulum of the matrix may, and sometimes
do, take up chyle globules: but it is a mistake to
ascribe to these lymph cells an important r4/e in
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passing chyle globules from the epithelium into the
central chyle vessel (Fig. 214).

Owing to the peripheral disposition of the
capillaries in the villi, and owing to the greater
filling with blood of the capillaries during digestion,

Fig. 212.—From a Horizontal Section through the Muecous Membrane of
Large Intestine of Pig, showing the gland tubes of Lieberkiihn in
cross-gection, their lining columnar epithelinin with numerous goblet
cells amongst them. Between the gland is the tissue of the mucosa.
(Photo. Moderately magnified.)

the villi are thrown into a state of turgescence during
this period, in consequence of which the central chyle
vessels are kept distended. Absorption is thus
greatly supported. The contraction of the muscular
tissue of the villi and of the muscular coat of the in-
testine greatly facilitates the absorption and discharge
of the chyle.
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275. The non-medullated nerves form a rich
plexus, called the plexis myentericus of Adwerbach
(Fig. 215), with groups of ganglion c_e]ls‘in the
nodes ; this plexus lies between the longitudinal and
circular muscular coat. Another plexus connected

Fig. 213.—Transverse Section through the Human Appendix Vermiformis ;
showing the mueous membrane with the densely arranged glands of
Lieherkiihn, the submueous layer with the cross-cut large vessels, and
the outer muscular coat covered by the peritoneal layer. (Photo.
Lo poicer.)

with the former lies in the submucous tissue ; this
is the plexus of Meissner, with ganglia. (Fig. 172.)
In both plexuses the branches are of a very variable
thickness ; they are groups of simple axis cylinders,
held together by a delicate endothelial sheath.
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Fig. 214.—Part of a Villus filled with Chyle, from the intestine of a puppy
four days old. (Heidenhain,)

t, Epithelium of surface of villus; b, tissue filled with chyle globules,

Fig. 215.—Plexus Myentericus of Auerbach of the small intestine of a
newly-born child, (Atas,)

The minate circles and ovals indicate ganglion cells,



CHAPTER XXVIII.

THE GLANDS OF BRUNNER AND THE PANCREAS.

276. At the passage of the pyloric end of the
stomach into the duodenum (Figs. 203, 216), and in the

Fig. 216.—Section through the Gastro-duodenal Junction. (Mic rophotograph.)

A Dand is seen running across from MM, t0 MM, the museularis mucose. In
the submuecons coat heneath on the right side are seen Brunner's glands,
B.6. In the mucous coat pyloric glands are seen on left side, P.G. ; villi, v.,
and erypts of Licherkiihn, c.L., on right side. A emall piece of muscular coat
is seen at M.C, }
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first part of the latter, is a continuous layer of gland
tissue in the submucosa, composed of convoluted, more

less branched tubes grouped into lobules, and
permeated by bundles of non-striped muscular tissue,

Fig. 217.—Section through Pancreas of Cat. (Microphotograplt.)

Three lobules are cut across.  In the middle of the small lobule on the right a
lighter patch is seen; this is= an interlobular clump. Similar clumps are
seen on the other lobules,

outrunners of the muscularis mucosze. These are the
glands of Brunner. Numerous thin ducts lined with
a single layer of columnar epithelial cells pass through
the mucosa and open with the crypts of Lieberkiithn
between the bases of the villi. The gland tubes of
Brunner’s glands are identical in structure with the
pyloric glands, with which they form a direct ana-
tomical continuaty.
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277. The pamnereas (Fig. 217) is in most respects
identical in structure with a serous or true salivary
gland.  The distribution of the blood-vessels and
lymphatics, and the arrangement of the connective
tissue, so as to separate the gland tissue in lobes and
lobules, with the corresponding inter- and intra-lobular
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Fig. 218.—From a Seetion through Panereas of Dog, (Atlas.)

e, Alveoli (tubes) of the zland: the lining cells show an outer homogeneous
and an inner granular-looking portion ; &, mioute duct,

duets, are similar in both cases. The epithelium lining
the latter ducts is only faintly striated, not by any
means so distinctly as in the salivary tubes. The
alveoli or acini are much more elongated than is the
case in the serous salivary glands, and in section the
tubular character of the alveoli is marked (Fig. 218).
The intermediate part of the duct leading to the
‘alveolus resembles the ductule of the salivary gland.
The cells of the alveolus are somewhat pyramidal, and
show in specimens hardened by ordinary reagents an
outer more deeply staining zone varying in width,
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and an inner less deeply staining area (Fig. 218),
This lighter zone represents the part of the cell in
which the secretory granules are collected (Fig.
219). The outer more deeply staining zone may

Fig. 219.—8ection through Panereas. (Microphotograph of specimen
hardened in osmic acid.)

Several alveoli are seen, the _Il.'l'l‘kﬂl' mas=es in the centre of ecach being accnmi-
lations of =ecretory grannles,

sometimes show a radial striation. In some animals
the cells lining the ductule appear to be continued as
an internal lining into the alveolus. These constitute
the so-called centro-acinous cells of Langerhans.
There are also to be seen in the pancreas of most
animals masses of cells possessing no alveolar arrange-
ment, staining less deeply, but having large oval
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nuclei, which masses lie here and there between
the alveoli. These groups of cells are very well

Fig. 220.—Section through the Pancreas of Cat.  (Microphotograph.)

In the central lobule is =een a larce, slightly-stained mas==, which i= an inter-
tubnular clunmp.

supplied with blood-vessels, and are spoken of as
intertubular cluwmps, or interalveolar cell islets (see

Fig. 220).
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CHAPTER XXIX.

THE LIVER.

278. THE outer surface of the liver is covered with
a delicate serous membrane, the peritoneum, which,

like that of other
surface a layer of
endothelium. It
consists chiefly of
fibrous connective
tissue.

At the hilum
or porta hepatis
this connective
tissue 1s continued
into the interior,
where it joins the
connective tissue
of the Glisson's
capsule, or the in-
terlobular connec-
tive tissue (con-
nective tissue of
the portal canals).
This tissue 1s
fibrous, and more
or less lamellated ;
by it the substance

abdominal organs, has on its free

Fig. 221.—From a Section through the Liver of
Pig. Five lobules are shown. They are well
setmmted from one another by the inter-
lobular tissue. (Aflas.)

#, Interlobular eonnective tissue, containing the
interlobular blood-vessels, i.e., the branches of
the hepatic artery and portal vein,and the inter-
lobular bile ducts; i, intralobular or central
veln.

of the liver is subdivided into numerous, more or less
polyhedral, solid /lobules or acini (Fig. 221), each

about % of than

O

inch in diameter, According to
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whether the interlobular tissue forms complete
boundaries or not, the acini appear well defined from
one another (pig, ice-bear), or more or less fused (1nan
and carnivorous animals and rodents).

Within each acinus there is only very scanty
connective tissue, in the shape of extremely delicate
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Fig. 222, —From a Vertical Section through the Liver of Rabbit ; the blood-

. vessels and bile-vessels injected. (Atlas,)
a, Interlobular veins surrounded hy interlobular bile ducts; these latter take

up the network of fine intralobular bile eapillaries; the meshes of this net-
work correspond to the liver cells ; b, intralobular or central vein.

bundles and flattened connective-tissue cells. Occa-
sionally, especially in the young liver, lymph cells are
to be met with in the acini and in the tissue between
them.

279. The vena portee having entered the hilum
gives off rapidly numerous branches, which follow the
interlobular tissue in which they are situated, and
they form rich plexuses around each acinus ; these
are the interlobular veins (Fig. 222). Numerous
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capillary blood-vessels are derived from these veins.
These capillaries pass in a radiating direction te the
centre of the acinus, at the same time anastomosing
with one another by numerous transverse branches.
In the centre of the acinus the capillaries become
confluent into one
large vein, the cen-
tral or intralobular
vein. The intralo-
bular veins of se-
veral neighbouring
acini join so as to
form the sublobular
veins, and these lead
into the efferent
veins of the liver,
or the lepatic veins,

which finally pass Fig. 223 From a Lobule of the Liver of
= 4 Rabbit, in which blood- and bile-vessels had
into the vena cava been i'l,ljvf.'ti:tl, more highly magnified than
inferior. in Fig, 222, (Atlas.)

i) _ b, Bile capillaries between the liver cells, which
“80 T]lE Slﬂ.) are well shown as nucleated polygonal cells,

Stﬂ-ﬂﬂﬁﬂfeac['] acinus ﬂ:}:;{lj;d}::;ts-];t:}ﬂ.di:-r,uu:'L reticulum ; e, capillary
—1.e. the tissue

between the capillary blood-vessels—is composed of
uniform polygonal protoplasmic epithelial cells, of
about ;. %5th of an inch in diameter ; these are the
liver cells. Owing to the peculiar, more or less
radiating, arrangement of the capillaries, the liver
cells appear to form columns or cylinders, also more
or less radiating from the periphery towards the centre
of the acinus. The cells contain particles of glycogen
in various amounts. According to DBrunton and
Delépine, the amount gradually increases in the
rabbit’s liver after a meal, and reaches its maximum
between the third and eighth hour. They also contain
pigment granules, which, being derived from the
disintegration of hwemoglobin in the spleen, include
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iron. Each liver cell shows a more or less fibrillated
protoplasm (Kupfer), and in the centre a spherical
nuclens with one or more nucleoli.

The liver cells are joined by an albuminous cement
substance, in which are left fine channels ; these are the
bile capillaries (Figs. 223 and 224). In a successfully
injected preparation the liver cells appear separated
everywhere from one another by a bile capillary, and
these form for the whole acinus a continmous inter-
communicating network of minute channels, Where
the liver cells are in contact with a capillary blood-
vessel, there are no bile capillaries.

281. At the margin of the acinus the bile capil-
laries are connected with the lumen of minute tubes ;
these possess a membrana propria and a lumen lined
with a single layer of transparent polyhedral epithelial
cells,  These are the small interlobular bile ducts
(Fig. 222). Their epithelial cells are in reality
continuous with the liver cells. These ducts join
and form larger interlobular bile ducts, lined with
more or less columnar epithelium. The first part of
the bile duet lined with polyhedral cells corresponds
to the intermediary part of the ducts of the salivary
aglands. The interlobular bile ducts form networks
in the interlobular tissue. Towards the hilum they
become of great diameter, and their wall is made up
of fibrous tissue, and in it are bundles of non-striped
muscular cells.  Small mucus-secreting glands are in
their wall, and open into their lumen,

The wall of the hepatic duct, and of the gall
bladder, are merely exaggerations of a large bile duct.

282, The hepatic artery follows in its ramification
the interlobular veins. The arterial branches form
plexuses in the interlobular tissue, and they supply
the capillary blood-vessels of the interlobular connective
tissue, and especially of the bile ducts. The capillary
blood-vessels of the bile ducts join so as to form
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small veins, which finally empty themselves into
the hepatic veins. The anastomoses between the
capillary blood - vessels, derived from the arterial
branches, and the capillary blood-vessels of the acini,

Fig. 224,—From a Section through the Liver of Rabbit, of which the bile
duets had been injected ; showing the distribution of the bile capillaries
and their branchlets between the liver cells. (Photograph. Moderately
magified.)

are insignificant (Cohnheim and Litten). The serous
covering of the liver contains special arterial branches
—rami capsulares. Networks of lymphatics—deep
lymphatics—are present in the interlobular connective
tissue, forming plexuses around the interlobular blood-
vessels and bile ducts, and occasionally forming a
perivascular lymphatic around a branch of the hepatic
vein. Within the acinus, the lymphatics are repre-

W
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sented only by spaces and clefts existing between the
liver cells and capillary blood-vessels ; these are the
wntralobular lymphatics (Macgillivray, Frey, and
others). They anastomose at the margin of the
acinus with the interlobular lymphatics.

In the capsule of the liver i1s a special network
of lymphatics called the superficial [lymphatics.
Numerous branches pass between this network and
the interlobular lymphatics.
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CHAPTER XXX,

THE ORGANS OF RESPIRATION.,

283. 1. The larynx. The supporting frame-
work of the larynx is formed by cartilage. In the
epiglottis the cartilage is elastic and reticulated —i.e.
the cartilage plate is perforated by numerous smaller
and larger holes. The cartilages of Santorini and
Wrisbergii, the former attached to the top of the
arytenoid cartilage, the latter enclosed in the aryteno-
epiglottic fold, are also elastic. The thyroid, cricoid,
and arytenoid cartilages are hyaline. All these are
covered with the usual perichondrium.

A small nolule of elastic cartilage is enclosed in
the front part of the true vocal cord. This is the
cartilage of Luschka.

The mucous membrane lining the cavity of the
larynx (Fig. 225) has the following structure :(— -

The internal or free surface is covered with
ciliated stratified colummnar epithelium ; the most
superficial cells are conical cells with cilia on their
free surface; then between the extremities of these
cells are wedged in spindle-shaped and inverted
conical cells. Numerous goblet cells are found
amongst the superficial cells. The two surfaces of
the epiglottis and the true vocal cords are covered
with stratified pavement epithelinm.

Underneath the epithelium is a basement mem-
brane separating the former from the mucous mem-
brane proper.

284. The mucous membrane is delicate connective
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tissue with numerous lymph corpuscles. In the pos-
terior surface of the epiglottis, in the false vocal cords,
and especially in the ventricle of the larynx, this
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Fig, 225.—From a Longitudinal Section through the Ventriele of the Larynx
of a Child. (Atlas.)
i, True voral cord; b, falee vocal cord ; c. nodule of elastic rartilage (cartilage

of Luschka): d, ventricle; I, Iymphatic tissue ; m, bundles of the thyro-
arytenoid muscle in transverse section.

infiltration amounts to diffuse adenoid tissue, and
even to the localisation of this as lymph follicles.
In both surfaces of the epiglottis, and in the true
vocal cords, the mucosa extends into the stratified
pavement epithelium in the shape of minute papillz.

In the lower part of the larynx the mucous mem-
brane contains bundles of elastic fibres connected into
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networks, and running in a longitudinal direction.
These elastic fibres are found chiefly in the superficial
parts of the mucous membrane. In the true vocal

Fig. 226.—Section through Trachea of Fetus. x 40, (Photograph by Mr
A. Pringle.)

1, Ciliated columnar epithelium of internal surface ; 2, mucous membrane with
its glands : 3, cartilage ; 4, outside this the thyroid gland.

cords the mucosa is entirely made up of elastic fibres
extending in the direction of the vocal cords.

285. The deeper part of the mucous membrane is
of loose texture, and corresponds to the submucosa ;
in it are embedded numerous mucons glands, the
ducts of which pass through the mucosa and open on
the free surface. The alveoli of the glands are of the
nature of mucous alveoli—i.2. a considerable lumen
lined with a layer of mucous goblet cells, There are,
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however, also alveoli lined with columnar albuminous
cells, and such as have both side by side, as is the case

7

Fig. 227.—From a Longitudinal Section throngh the Trachea of a Child.
(Atlas.)

a, Stratified columnar ciliated epithelium of the internal free surface: b, base-
ment membrane ; ¢, mucosa ; d, networks of longitudinal elastic fibres; the
oval nuelei between them indicate connective-tissue corpuscles; e, snh-
mucons tiszue containing muecons glands; f, large blood-vessels; g, fat
cells ; h, hyaline cartilage of the trachenl rings.

in the sublingnal gland of the dog.  The ciliated
epithelium of the surface in some places extends also
for a short distance into the ducts. The true vocal
cords have no mucous glands,

The blood-vessels terminate with the capillary net-
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work in the superficial —i.e. sub-epithelial-—layer of
the mucosa; where there are papille—ie, in the
epiglottis and true vocal cords—these receive a loop
of capillary blood-vessels. The lymphatics form super-
ficlal networks of fine vessels and deep submucous
networks of large vessels. These are of enormous
width and size in the membrane of the anterior surface
of the epiglottis. The finer nerves form superficial
plexuses of non-medullated fibres, some of which ter-
minate, according to Luschka cm-:l Boldyrew, as end
bulbs. Taste buds have been found in the epithelium
of the posterior surface of the epiglottis (Verson,
Schofield, Davis), and also in that of the deeper parts
of the larynx (Davis).

286. 11. The trachea. The trachea is very
stmilar in structure to the lower part of the larynx,
from which it differs merely in possessing the rings
of hyaline cartilage, and in containing, in the posterior
or membranous portion, transverse bundles of non-
striped muscular tissue, extending horizontally between
the ends of the rings. Its component parts are (Figs.
226, 227, 228) :—

(a) a stratitied columnar ciliated epithelinm ;

(b) a basement membrane ;

(¢) a mucosa, with the terminal networks of capil-
lary blood-vessels, and infiltrated with adenoid tissue :

(d) a layer of longitudinal elastic fibres connected
into networks ;

(¢) a loosely textured submucous tissue, contain-
ing the large vessels and nerves and small mucous
glands. Occasionally the gland or its duct is em-
bedded in a lymph follicle.

287. 111. The bronchi and the Iung, —
The bronchi ramify within the lung dendritically
into finer and finer tubes. The finest branches are
the terminal bronchi. In the bronchi we find, instead
of rings of hyaline cartilage, as in the trachea, larger
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and smaller oblong or irregularly-shaped plates of
hyaline cartilage distributed more or less uniformly
in the circumference of the wall. Towards the small
lmu:,rmu;-[uc bronechi these cartilage plates gradually
diminish in size and number. The epithelium, the

Fig. 228, —From a Seetion through the Tracheal Mucous Membrane of a
Newly-bornu Child, (Photo. Highly mogrified.)

¢, Ciliated columnar epithelinm ; amongst the cihated cells are numerous
goblet cells ; m, mucosa ; g, acini of mucous glands.

basement membrane, the sub-epithelial mucosa, and
the layer of longitudinal elastic fibres, remain the
same as in the trachea. The submucous tissue con-
tains small mucous glands.

288, Between the sub-epithelial mucosa and the
submucosa is a continwous layer of circular mnon-
striped muscular tissue. In the smaller microscopic
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bronchi this layer is one of the most conspicuous. By
the contraction of the circular muscular coat the
mucosa is placed in longitudinal folds.

The state of contraction and distension of the
small bronehi bears an important relation to the aspect
of the epithelium, which appears as a single layer of
columnar cells in the distended bronchus, and as
stratified when the bronchus is contracted.

The distribution of the blood-vessels is the same
as in the trachea. Lymph follicles are met with in
the submucous tissue of the bronchial wall in animals
and man.

The lymphatic networks of the bronchial mucous
membrane are very conspicuous. Those of the sub-
mucous tissue—i.e, the peribronchial lymphatics—
anastomose with those surrounding the pulmonary
blood-vessels.

Pigment and small particles can be easily absorbed
through the cement substance of the epithelium into
the radicles of the superficial lymphatics, whence they
pass readily into the (larger) peribronchial lymphaties.

In connection with the nerve branches in the
bronchial wall are minute ganglia.,

289. Each terminal bronchiole branches into
several wider tubes called the alveolar duets, or
infundibula ; each of these branches again into several
similar ducts. All ducts, or infundibula, are closely
beset in their whole extent with spherical, or, being
pressed against one another, with polygonal vesicles—
the air cells or alveoli —opening by a wide aperture
into the alveolar duet or infundibulum, but not com-
municating with each other. The infundibula are
much wider than the terminal bronchioles, and also
wider than the alveoli,

290. All infundibula with their air cells, belonging
to one terminal bronchiole, represent a conical struc-
ture, the apex of which is formed by the terminal
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bronchus. Such a conical mass is a lobule of the
lung, and the whole tissue of the lung is made up of
such lobules closely aggregated, and arranged as lobes.
The lobules are separated from one another by deli-
cate fibrous connective tissue ; this forms a continuity

Fig. 220.—From a Section throngh the Lung of Cat, stained with nitrate of

silver. (Atlas.)

a, Infundibulum or alveolar duct in cross-section; b, groups of Bulyhedml
cells lining one part of the infundibulum, the rest being lined with flattened
transparent epithelial scales; ¢, alveoli lined with flattened epithelial
Sl::;lt'::" ; here and there between them i seen a polyhedral granular epithelial
cell.

with the connective tissue accompanying the bronchial
tubes and large vascular trunks, and with these is
traceable to the hilum. On the other hand, the inter-

lobular connective tissue of the superficial parts of the
lung is continnous with the fibrous tissue of the
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surface called the pleura pulmonalis. This membrane
contains numerous elastic fibres, and on the free
surface is covered with a layer of endothelium.

In some instances (guinea-pig) the pleura pulmo-
nalis contains bundles of non-striped muscular tissue.

The lobes of the lung are separated from one
another by large septa of connective tissue —the liga-
menta pulmonis.

291. The terminal bronchi contain no cartilage
or mucous glands in their wall. This is made up of
three coats : («) a delicate epithelinm—a single layer
of small polyhedral granular-looking cells ; (b) a
circular coat of non-striped muscular tissue; and (¢)
a fine adventitia of elastic fibres, arranged chiefly as
longitudinal networks.

292, Tracing the elements constituting the wall
of a terminal bronchiole into the infundibula and air
cells (Fig. 229) we find the following changes : () the
polyhedral granular-looking epithelial cells forming
a continuous lining in the terminal bronchiole are
traceable into the infundibulum only as larger or
smaller groups; between these groups of small poly-
hedral granular-looking cells large, flat, transparent,
homogeneous, nucleated, epithelial scales make their
appearance. The farther away from the terminal
bronchiole, the fewer are the groups of polyhedral
granular-looking cells. In all infundibula, however,
the transparent scales form the chief lining. This
becomes still more marked in the air cells. There the
small polyhedral granular-looking cells are traceable
only singly, or in groups of two or three (Elens), the
rest of the cavity of the zir cells being lined with the
large transparent scales.

In the feetal state all cells lining the infundibula
and air cells are of the small polyhedral granular-
looking variety (Kiittner). With the expansion of
the lungs during the first inspiration many of these



348 Erevents oF Hisrorocy.

cells change into the large transparent scales, in order
to make up for the increment of surface. A lung
expanded ad maximum shows much fewer or none of
the small polyhedral cells; while a lung that is col-
lapsed shows them in groups in the infundibala, and
isolated or in twos or threes in the alveoli.

Fig. 230.—Network of Capillary Blood-vessels surrounding the Alveoli of
the Human Lung. (Photograph by Mvr. A. Pringle.)

293. (b) The circular coat of non-striped muscular
tissue of the terminal bronchiole passes as a continuous
circular coat —but slightly thinner—on to the alveolar
ducts or infundibula, in their whole extent, but not
beyond them, 7.e. not on to the air cells.

(¢) The adventitia of elastic networks is continued
on the infundibula, and thence on the air cells, where



BroncHr anvp Lune. 349

it forms an essential part of the wall of the alveoli,
being its framework.

Amongst the network of elastic fibres forming the
wall of the alveoli is a network of branched connec-
tive-tissue cells, contained as usual in similarly-shaped
branched lacunwe, which are the radicles of the lym-
phatic vessels.

294. The blood-vessels and lymphaties, —
The branches of the pulmonary artery and veins are
contained within the connective tissue separating the
lobes and lobules, whence they can be traced into
their finer ramifications towards the infundibula and
air cells.  Hach of these latter is surrounded by a sort
of basket-shaped dense network of capillary blood-
vessels (Figs. 230 and 231). The capillary networks
of adjacent alveoli are continuous with one another,
and stand in communication on the one hand with a
branch of the pulmonary artery, and on the other with
branches of the pulmonary vein. The branches of
the bronchial artery belong to the bronchial walls,
which are supplied by them with capillary networks.

The lacunz and canaliculi in the wall of the
alveoli, mentioned above, are the rootlets of lymphatic
vessels, which accompany the pulmonary vessels, and
form a network around them ; these are the deep
lymphatics, or the perivascular lymphatics. They are
connected also with the networks of lymphatics sur-
rounding the bronchi, i.e. the peribronchial lymphatics.
The rootlets of the superficial air cells empty them-
selves into the sub-plewral plexrus of lymphatics, a rich
plexus of large lymphatics with valves. All these
lymphatics lead by large trunks into the bronchial
lymph glands.

295. Between the flattened transparent epithelial
cells lining the alveoli are minute openings, stomata
(Fig. 229), leading from the cavity of the air cells into
the lymph lacunge of the alveolar wall, These stomata
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are more distinet during expansion, i.e. inspiration,
than in the collapsed state. Inspiration, by its ex-
panding the lunes, and consequently also the lym-
phatics, greatly favours absorption. Through these
stomata, and also throuch the interstitial cement
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Fig. 231.— Injected Lung of Cat, (Phatograph.)

substance of the lining epithelinm, formed particles
—such as soot particles of a smoky atmosphere,
pigment artificially inhaled, cellular elements, such
as mucous or pus corpuscles, bacteria, ete.—ftind their
way into the radicles of the lymphatics, thence into
the perivascular and sub-pleural lymphatics, and finally
into the bronchial glands.

The cellular elements just mentioned, containing
particles of soot, are spoken of as “dust cells.”



CHAPTER XXXI.
THE SPLEEN.

296, The capsule enveloping the spleen 1s a
serous membrane—the peritoneum. It Is a connec-

.
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Fig. 232.—From a Vertical Section through the Spleen of Ape. (Atlas.)

a, Capenle: b, trabecul® ; e, Malpighian corpuscle; d, artery ensheathed ina
Malpighian corpuscle ; ¢ pulp tissue.

tive-tissue membrane with networks of elastic fibres,
and covered on its free surface with an endothelium.
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The deep part of the capsule contains bundles of non-
striped muscular tissue forming plexuses. In man
the bundles are relatively thin, but in some mammals
—e.4. dog, pig, horse—they are continuous masses
arranged sometimes as a deep longitudinal and a
superficial circular layer (Fig. 232).

In connection with the capsule are the trabecule
(Fig. 232). These are microscopical, thicker or thinner
cylindrical bands branching and anastomosing, and
thus making a framework in which the tissue of
the spleen is contained. Towards the hilum the
trabeculwe are larger, and they form there a continuity
with the connective tissue of the hilum. They are
the carriers of the large vascular branches. The
trabeculze in the human spleen consist chiefly of
fibrous tissue with an admixture of longitudinal
non-striped muscu-
lar tissue. This is
more pronounced in
the dog, horse, pig,
guinea-pig, in which
the trabecule are
chiefly composed of
non-striped muscu-
lar tissue. Follow-
ingasmall trabecula
after it is given off

from a larger one,

Fig. 233.—From a Section through the Pulp . £ .
> ™" of the Spleen of Pig. (dtlas.) I we find it branch-

a, Last outrunners of the muscular trabeculz; 1Dg INto stillsmaller

b, flattened cells forming the honevcomhbed - :
matrix of the pulp: in the meshes of ti1ie- UIIES, WhEh 'llltl-

::;:é;l: are contained lymphoid eell= of various lllﬂtélj’ lose them-

selves amongst the

elements of that part of the spleen tissue called
spleen pulp (Fig. 233).

The meshes of the network of the trabeculs are

filled up with the parenchyma. This consists of two
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kinds of tissues: () the Malpighian corpuscles ; and
(b) the pulp tissue.

207. The Malpighian corpuscles are masses
of adenoid tissue connected with the branches of the
splenic artery. Following the chief arterial trunks as
they pass in the big trabecul® towards the interior
of the spleen, they are seen to give off numerous
smaller branches to the spleen parenchyma ; these are
ensheathed in masses of adenoid tissne, which are
either cylindrical or irregularly-shaped, and in some
places form oval or spherical enlargements. These
sheaths of adenoid tissue are traceable to the end of
an arterial branch ; and in the whole extent the
adenoid tissue or Malpighian corpuscle is supplied by
its artery with a network of capillary blood-vessels.

298. The rest of the spleen parenchyma is made up
of the pulp. The matrix of this is a honeycombed,
spongy network of fibres and septa, which are the
processes and bodies of large, flattened, endotheloid
cells, each with an oval nucleus. In some, especially
young, animals, some of these cells are huge and
multinucleated. The spaces of the honeycombed tissue
are of different diameters, some not larger than a blood
corpuscle, others large enough to hold several. All
spaces form an intercommunicating system. The
spaces contain nucleated lymph corpuscles, more or
less connected with and derived from the cell plates
of the matrix. But they do not fill the spaces, so
that some room is left, large enough to allow blood
corpuscles to pass.

The spaces of the honeycombed pulp matrix are in
communication, on the one hand, with the ends of the
capillary blood-vessels of the Malpighian corpuscles,
and, on the other, they open into the venous radicles
or sinuses (Fig. 234), which are oblong spaces lined
with a layer of more or less polyhedral endothelial cells.
These sinuses form networks, and lead into the large

X
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venous branches passing in the big trabecule to the
hilum. The Venous sinuses in man and ape possess a
special adventitia formed of circular elastie fibrils.
Not all arterial branches are ensheathed in

& C IR =
s e noFaty fgy o
§ e

akl e o

Fig. 234.—From a Sectlion through the Spleen of a Guinea-pig ; the blood-
vessels had been imjected.  (Atlas )

g, Artery of Malpichian corpuscle; b, pulp: hetween 1t2 cells are the minute
blood-channels opening into ¢, the radicles of the veins

Malpighian corpuscies ; some few fine arterial branches
open directly into the veins of the pulp matrix, being
mvested in a peculiar reticular or concentrically
arranged cellular tissue (not adenoid). These are the
capillary sheaths of Schweigger Seidel.

299. The blood passes then from the arterial
branches through the capillaries of the Malpighian
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corpuscles, whence it travels into the labyrinth of
minute spaces in the honeycombed pulp matrix;
thence it passes into the venous sinuses, and finally
into the venous trunks. The current of blood on its
passage through the pulp tissue becomes, therefore,
greatly retarded, Under these conditions numerous
red blood-corpuscles appear to be taken up by the
cells of the pulp, some of which contain several
in their interior. In these corpuscles the blood dises
become gradually broken up, so that finally, only
granules and small clumps of blood pigment are left
in them. The presence of blood pigment in the
corpuscles of the pulp is explained in this way ; and
it is therefore said that the pulp tissue is a destroyer of
red blood-corpuscles.

The pulp tissue is most probably the birthplace of
colourless blood-corpuscles; and according to Bizzozero
and Salvioli it is also the birthplace of red blood-
corpuscles.

The [lymphatics form plexuses in the capsule
(Tomsa, Kyber). These are continuous with the plexus
of lymphatics of the trabeculw ; and these again with
the plexus of lymphatics in the adventitia of the
arterial trunks,

Non-medullated nerve fibres have been traced along
the arterial branches.



CHAPTER XXXII.
THE KIDNEY, URETER AND BLADDER.

300, A. The framework.

The kidney possesses a thin investing capsule com-
posed of fibrous tissue, more or less of a lamellar
arrangement. Bundles of fibrous tissue pass with
blood-vessels between the deeper part of the capsule
and the parenchyma of the periphery. According
to Eberth, a plexus of non-striped muscle cells is
situated underneath the capsule.

The ureter entering the hilum enlarges into the
pelvis of the kidney, and with its minor recesses or
prolongations forms the calices. Both the pelvis and
the calices are limited by a wall which is a direct con-
tinuation of the ureter. The internal free surface is
lined with stratified transitional epithelium. Under-
neath the epithelium is a fibrous connective-tissue
membrane (the mucosa), containing the networks of
capillary blood-vessels and fine nerve fibres. Outside
the mucosa and insensibly passing into it is the
loose-textured submucosa, with groups of fat cells.
There are present in the submucosa bundles of
non-striped muscular tissue, continued from the
ureter, in the shape of longitudinal and circular
bundles.

In the pelvis of the kidney of the horse small
glands (simple or branched tubes), lined with a single
layer of columnar epithelial cells, have been observed
by Paladino, Sertoli, and FKgli. The lastnamed
mentions also that in the pelvis of the human kidney
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there are gland-tubes similar in structure to sebaceous
follicles.

301. The large vascular trunks enter, or pass from
the tissues of the calices into the parenchyma of the
kidney between the cortex and medulla, and they are
accompanied by bundles of fibrous connective tissue
and a few longitudinal bundles of non-striped muscular
tissue, thereby separating the individual Malpighian
pyramids.

The palench}nm itself contains very scanty fibrous
connective tissue, chiefly around the \l{ﬂplﬂiuan cor-
puscles and around the arterial vessels, especially in
the young kidney. In the papille there is relatively
a great amount of fibrous tissue. On the surface of
the papillze (facing the calices) there is a continuous
layer of tibrous tissue, and this on its free surface
1s covered with stratified transitional epithelium.

The parenchyma of the kidney consists entirely of
the urinary tubules and the intertubular blood-vessels,
and there is an interstitial or intertubular connective-
tissue framework in the shape of honeycombed hyaline
membranes with flattened nucleated branched or
spindle-shaped cells. The meshes of the honeycomb are
the spaces for the urinary tubules and blood-vessels.

302. B. The paremchyma.—I. 7%he wrinary
tubules (Fig. 235).—In a transverse or longitudinal
section through the kidney we notice the cortex, the
boundary layer of Lndwig and the papillary portions,
the last terminating in the conical papille in the cavity
of the calices,

The boundary layer and the papillary portion
form the medulla. A papilla with the papillary
portion and boundary layer, continuous with it,
constitutes a Malpighian pyramid. The medulla of
the human kidney contains about a dozen of such
Malpighian pyramids.

303. The cortex contains vast numbers of
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Fig. 235, —Diagram showing the course of the Uriniferous Tubules in the
different parts of the cortex and medulla. (Atlas.)

(For description of thiz Fig. see foot of next page.)
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convoluted tubules with their cwecal origin in the
Malpighian corpuscles ; thisis the labyrinth separated
into numerous divisions of equal breadth by regularly-
disposed straight strize originating a short distance
from the outer capsule, and radiating towards the
boundary layer through which they pass. Each of
these striee is a bundle of straight tubules, and
represents a medullary ray. The boundary layer
shows a uniform vertical striation, in which opaque
and transparent striz alternate with one another. The
opaque strize are continuations of the medullary rays,
the transparent strize are bundles of blood-vessels.

The papillary portion is uniformly and vertically
striated.

Tracing a medullary ray from the boundary layer
into the cortex, it is seen that its breadth gradually
diminishes, and it altogether ceases at a short distance
from the outer capsule. A medullary ray is, con-
sequently, of a conical shape, its apex being situated
at the periphery of the cortex, its base in the
boundary layer. Such a pyramid is called a pyramid
of Ferrein.

304. All urinary tubules commence as convoluted
tubules in the part of the cortex named the
labyrinth, but not in the medullary rays, with a
ceecal enlargement called a Walpighian corpuscle, and
terminate—having previously joined with many other
tubules into larger and larger ducts—at one of the
many minute openings or mouths at the apex of a
papilla. On their way the tubes several times alter
their size and nature.

A, Cortex limited on it< free surface by the eapsule; a, subeapsular layer nok
containing Malpighian corpuscles; o' inner stratum of cortex withount
Malpighian corpuseles; B, boundary layer: ¢, papillary part next the
houndary layer ; 1, Bowman's capsule; 2, neck of cngjsuh:: 3, proximal con-
voluted tube; 4, spiral part; 5, descending limb of Henle's loop-tube; 6,
the loop itself ; 7, &, and 9, the ascending limb of Henle's ioop-tube ; 10, the
irregular tubule ; 11, the distal convoluted tubule ; 12, the first part of the
collecting tube ; 13 and 14, larger collecting tube; in the papilla itself, not
represented here, the colleeting tube joins others, and forms the duct.
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From its start to 1ts end there is a continuous
fine membrana propria forming the boundary wall
of the urinary tubule, and this membrana propria is
lined with a single layer of epithelial cells differing in

Fig. 236.—From a Section through the Cortical Substance of the Kidney
of a human Feetus, showing a Malpighian corpusele. (Handbook,)
a, Glomerulus ; b, tissue of the glomerulus: ¢, epithelium covering the glomer-

ulus ; d, flattened epithelinm lining Bowman's capsule ; ¢, the capsule itself ;
J,uriniferons tubulez in cross sectlon.

size, shape, and structure from place to place; in
the centre of the tubule is a lumen, differing In size
according to the size of the tubule.

305. (1) Each Malpighian corpuscle (Fig. 236)
is composed of the capsule—the capsule of Bowiman—
and the glomerulus, or Malpighian tuft of capillary
blood-vessels.

The capsule of Bowman is a hyaline membrana
propria, supported, as mentioned above, by a smali
amount of connective tissue. On its inner surface
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there is a continuous layer of nucleated epithelial
cells, in the young state of polyhedral shape, in the
adult state squamous.

The glomerulus is a network of convoluted
capillary blood-vessels separated from one another
by scanty connective tissue, chiefly in the shape
of a few connective-tissue corpuscles. The capil-
laries are grouped together in two to five lobules.
The whole surface of the glomerulus is lined with
a delicate membrana propria, and a continuous layer
of nucleated epithelial cells, polyhedral, or even
columnar in the young, squamous in the adult state.
The membrana propria and epithelium dip in, of
course, between the lobules of the glomerulus, and
represent in reality the visceral layer of the capsule
of the Malpighian corpuscle, the capsule of Bowman
being the parietal layer. The glomerulus is connected
at one pole with an afferent and efferent arterial vessel,
the former being the larger of the two.

Between Bowman's capsule and the glomerulus
there is a space, the size of which differs according
to the state of secretion, being chiefly dependent on
the amount of fluid present.

The Malpighian corpuscles are distributed in the
labyrinth of the cortex only, with the exception of a
thin peripheral layer near the outer capsule, and a
still thinner layer near the boundary layer. The
Malpighian corpuscles near the boundary layer are
the largest, those near the periphery the smallest : in
the human kidney their mean diameter is about 1,
of an inch.

306. (2) On the side opposite to that where the
afferent and efferent arterioles join the glomerulus,
the capsule of Bowman passes through a narrow neek
into the eylindrical urinary tubule in such a way
that the membrana propria and epithelium of the
capsule are continued as the membrana propria and



362 Eremenrs o Hisrorogy.

lining epithelium of the tubule respectively, and
the space between the capsule of Bowman and

Fig. 237.—From a Vertical Section through the EKidney of Dog, showing
part of the labyrinth and the adjoining medullary ray, (Adtlas.)

a, Capzule of Bowman; the capillaries of the glomernlus are arranged in

lobules ; n. neck of capaule b, irregular tubule; e, proximal convoluted

tubules ; 4, collecting tube ; e, parr, of the splral tubule : , portion of the
- am:eu-:lu:-g limb of Henle's !m:-p-mbe d, &, f, form the medul arr ray.

the glomerulus becomes the cavity or lumen of the
urinary tubule.

307. (3) After it has passed the neck, the urinary
tubule becomes convoluted ; this is the proximal con-
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voluted tubule (Fig. 237). It is of considerable length
and is situated in the labyrinth. It has a distinct
lumen, and its epithelium is a single layer of polyhedral
or short, columnar, angular, or club r!-hﬁ.]:u?:nd cells, each
with a spheuca] nucleus. These cells commence gene-
rally at the neck, but in some animals—e.g. in the
mouse—they EI.ll‘PEL[l‘i. have begun in the Malpighian
corpuscle. The outer part of the cell protoplasm—z.e.
next the membrana propria—is distinetly striated,
owing to the presence of rod-shaped fibrils (Heiden-
hain) vertically arranged. The inner part of the cell
substance—i.e. between the nucleus and the inner
1 | Epithelial cells the
protoplasm of which possesses the above rod-shaped
fibrils will in the following paragraphs be spoken of
as fibrillated cells.

The proximal convoluted tube appears sometimes
thicker than at other times:; in the first case, its
lumen is smaller, but its lining epithelial cells are
distinetly more columnar. This state is probably
connected with the state of secretion.

J08. (4) The convoluted tube passes into the
spiral tubule (Schachowa). This differs from the
former in being sitvated not in the labyrinth, but in
a medullary ray, in which it forms one conspicuous
element, and in not being convoluted, but more or
less straight, slightly wavy, and spiral. Its thickness
and lumen are the same as in the former: its
epithelium is a single layer of polyhedral cells, with
distinet indication of fibrillation.

309. (5) Precisely at the line where the cortex
joins the boundary layer, the spiral tube becomes.
suddenly greatly reduced in thickness; it becomes at
the same time very transparent ; its lumen is distinct :
its membrana propria is now lined with a single
layer of scales, each with an oval flattened nucleus.
This altered tubule is the descending loop-tube of




164 Erewenrs or Hisrorocy.

Henle, and it pursues its course in the boundary
layer as a straight tubule, in the continuation of the
medullary ray.

In aspect and size this part of the urinary
tubule resembles a mpllhln blood-vessel, but differs
from it inasmuch as, in addition to the hmnﬂr layer
of flattened epithelial cells, it possesses a membrana
propria.

310, (6) The so-constituted descending Henle's
loop-tube passes the line between the buundaly layer
and papillary portion, and having entered this latter,
pursues its course for a short distance, when it sharply
bends backwards as the {oop of Henle’s tube ; it now
rnns back towards the boundary layer, and pleclsely
at the point of entering this becomes '-illfid{‘ﬂh' enlarged.
Up to this point the structure and size of the imp are
exactly the same as those of the descending limb.

311. (7 and 8) Having entered the ]JUUIlddl‘}? layer
it pursues its course in this latter to the cortex in a
more or less straight direction within the medullary
ray as the ascending loop-tube. Besides being bigger
than the descending limb and the loop, its lumen _is
comparatively anmller. and its lining epithelium 1s a
layer of polyhedral, distinctly fibrillated epithelial
cells. The tube is not quite of the same thickness all
along the boundary layer, but is broader in the inner
tlmn in the outer hrl.]f besides, the tube is not quite
straight, but slightly w axy or even spiral.

(9) Having reached the cortex, it enters this as
the cortical part of the ascending loop-tube, forming
one of the tubes of a medullary ray ; it is at the same
time narrower than in the boundary layer, and is
more or less straight or wavy. Its lumen 1s very
minute, its lining cells are flat polyhedral with a
small flattened nucleus, and there is an indication of
fibrillation (Fig. 237).

(10) Sooner or later on its way in the cortex in
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a medullary ray it leaves this latter to enter the
labyrinth, where 1t winds between the convoluted
tubes as an angular wrregular tubule (Fig, 237).  Its
shape is very irregular, its size alters from place
to place, its lumen is very minute, its epithelium a
layer of polyhedral, py ramidal, or sllmt columnar cells
—according to the thickness of the tube ; each cell
possesses a ﬂatteued oval nucleus next to the lumen,
and a very coarsely and conspicuously fibrillated
protoplasm.

312. (11) This irregular tubule passes into the
distal convoluted tubule or intercalated tubule of
Schweigger Seidel. This forms one of the convoluted
tubes of the labyrinth, and in size, aspect, and
structure is identical with the proximal convoluted
tubule.

(12) The distal convoluted tube passes into a
short, thin, more or less curved or wavy collecting
tubule, lined with a layer of transparent, Hattened,
polyhedral cells; this is still contained in the
labyrinth.

(13) This leads into a somewhat larger straight
collecting tube, lined with a layer of transparent poly-
hedral cells and with distinet lumen. This tube
forms part of a medullary ray, and on its way to the
boundary layer takes up from the labyrinth numerous
curved collecting tubules.

(14) It then passes unaltered as a straight collect-
ing tube through the boundary layer into the papillary
portion.

313. In this part these tubes join under acute
angles, thereby gradually enlarging. They run in a
strmght direction towards the apex of the papilla,
and the nearer to this, the fewer and the bigger they
become. These are the ducts or tubes of Bellini.
They finally open on the apex into a calix. The lumen
and the size of the lining epithelial cells—mnamely,
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Fiz. 238, —Diagram of the Vessels
of the Kidney. (Ludwig, in
Stricker's Manual.)
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whether more or less co-
lumnar—are in direct re-
lation to the size of the
collecting tube.  The sub-
stance of the epithelial
cells is a transparent pro-
toplasm, and the nucleus is
more or less oval,

314. In many places
nucleated cells, spindle-
shaped or branched, can be
traced from the membrana
propria of the tubule be-
tween the lining epithe-
lium ; and, in some cases,
even a delicate nucleated
membrane can be seen
lining the surface of the
epithelium next the lumen.
In the frog, the epithelium
lining, the Malpighian cor-
puscles, and the exceed-
ingly long neck of the
urinary tubule, are pos-
sessed of long filamentous
cilia, rapidly movingduring
life.  In the neck of some
of the urinary tubules in
mammals there is also an
indication of cilia to be
noticed,

e — =

ai, Interlobular artery ; vi, interlobular
vein: ¢ glomerulus of Malpighian
corpuscle ; ves, vena stellata; ar,
arteriz rect@® : ©r, Vvene recr®m; ab,
bundle of arterie rectse: vb. bundle
of ven®e rect® ; vp, network of vessels
around the mouth of the duocts
at the apex of the papillae.
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Heidenhain has shown that indigo-sulphate of
sodium, injected into the circulating blood of the dog
and rabbit, is excreted through certain parts of the
urinary tubules only—viz those which are lined with

Fig, 239.—Vertical Section through the entire Kidney (injected) of a Rat.
(Photo.  Low Power,)

¢, Cortex ; b, papilla ; ¢, boundary layer.

“fibrillated ” epithelium. He maintains that this
excretion is effected through the cell substance ; but,
in the case of carmine being used as pigment, I have
not found the excretion to take place through the
substance of the epithelial cells, but through the
homogeneous interstitial or cement substance between

the epithelial cells.
315. 1L The bload-vessels (Figs. 238 and 239).
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The large branches of the renal artery and vein
are situated in the submucous tissue of the pelvis,
and they enter, or pass out respectively from, the part
of the parenchyma corresponding to the junction of
the cortex and boundary layer, where they follow a
more or less horizontal course, and give off, or take up
respectively, smaller branches to or from the cortex
and medulla.

(1) In the cortex the arterial trunks give off to
the cortex small branches, which singly enter the
labyrinth in a direction vertical to the surface of the
kidney. These are the wnterlobular arteries. Each of
these, on its way towards the external capsule of the
I-.]f]llF‘}', gives off, on all sides of its circumference,
shorter or longer lateral branches; these are the
aflerent arterioles for the Malpichian corpuscles, each
one entering a Malpighian corpuscle and breaking up
into the Lﬂ.]]l“d,l‘lt“ of the glomerulus.

On their way towards the external capsule, the
arteries become greatly reduced in size, and finally
enter the mpllhu'}r network of the most peripheral
part of the cortex ; but some of these arterioles may
be also traced into the outer capsule, where they
become connected with the capillary networks of this
latter. The efferent vessel of a Malpighian glome-
rulus at once breaks up into a dense network of
capillary blood-vessels, which surround in all direc-
tions the urinary tubules of the labyrinth. This
network is continuous with that of the capillaries of
the medullary rays, the meshes being here elongated,
and the capillary blood-vessels, for obvions reasons,
more of a straicht arrangement. The capillaries of
the whole cortex forin one continuous network.

316. The veins which take up the blood from this
network are arranged in this manner :—There are
formed venous vessels underneath the external
capsule, taking up like rays on all sides, minute
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radicles connected with the capillaries of the most
peripheral part of the cortex. These are the vene
stellatee ; they pass into the labyrinth of the cortex,
where they follow a vertical course in company with
the interlobular arteries. On this passage they com-
municate with the capillaries of the labyrinth, and
ultimately open into the large venous branches
situated between cortex and boundary layer.

317. (2) In the medulla. From the large arterial
trunks short branches come off, which enter the
boundary layer, and there split up into a bundle
of minute arterioles, which pass in a straight direc-
tion vertically through the boundary layer into the
papillary portion. These are the arterie rectew
(Fig. 238). The number of vessels of each bundle
1s at the outset increased by the efferent vessel of
the Malpighian corpuscles nearest to the boundary
layer.

On their way through the boundary layer, and
through the paptthI‘V portion of the medulla,
these arterioles give off' the capillary network for
the urinary tubules of these parts, the network,
for obvious reasons, possessing an elongated arrange-
ment.

From this network originate everywhere minute
veins, which on their way tm'ﬂ.rfls the cortical margin
increase in size :111(1 number ; they form also hundl{,b
uf ence recte—and ultimately enter
the venous trunks situated between the boundary
Jayer and cortex.

The bundles of the arterie rectee and venz rectwe
form severally, in the boundary layer, the transparent
strie mentioned on a previous page as alternating
with the opaque striz, these latter being bundles of
urinary tubules.

At the apex of each papilla there is a network of
capillaries around the mouth of each duct.

¥
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318. The outer capsule of the kidney contains a
network of capillary blood-vessels ; the arterial
branches leading into them are derived from two
sources : (@) from the outrunners of the interlobular

Fiz. 240.—From Transverse Section through Urinary Bladder of Dog.
(Photo. Low Power.)

a, Inner surface of folded mucous membrane, covered with stratified transitional
epithelium ; b, mucous membrane ; ¢, outer coat of non-striped muscle.

arteries of the cortex, and () from extra-renal arteries.
The veins lead () into the venz stellatz, and (4) into
extra-renal veins.

The lymphatie vessels form a plexus in the capsule
of the kidney. They are connected with lymph spaces
between the urinary tubes of the cortex. The large
blood-vessels are surrounded by a plexus of lym-
phatics, which take up lymph spaces between the
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urinary tubules, both in the cortex and the boundary
laver.

319. The wreter is lined with stratified transi-
tional epithelium. Underneath this 1s the mucosa,
a connective-tissue membrane with capillary blood-
vessels. The submucosa 1s a loose connective tissue.
Then follows a muscular coat composed of non-
striped muscular tissue, arranged as an inner and
outer longitudinal and a middle circular coat. Then
follows an outer limiting thin tibrous coat or adventitia,
In this last have been observed minute ganglia in
connection with the nerve-branches.

320. The bladder is similar in structure, but
the mucous membrane and muscular coat are very
wuch thicker. In the latter, which consists of non-
striped fibres, can be distinguished an inner circular,
a middle oblique, and an outer longitudinal stratum.
The last is best developed in the fundus (Fig. 240).

Numerous sympathetic ganglia, of various sizes,
are found in connection with the nerve-branches
underneath the adventitia (peritoneal covering), and
in the muscular coat (F. Darwin). The epithelium
lining the bladder is stratified transitional, and it
greatly varies in the shape of its cells and their
stratification, according to the state of expansion of
the bladder.



CHAPTER XXXIII.
THE MALE GENITAL ORGANS.

321. (1) The testis of man and mammals is en-
veloped in a capsule of white fibrous tissue, the tunica
adnata. This is the visceral layer of the tunica
vaginalis. Like the parietal layer, it is a serous
mewmbrane, and is therefore covered with endo-
thelium. Minute villi are occasionally seen pro-
jecting from this membrane into the cavity of
the tunica vaginalis. These villi are generally
covered with germinating endothelium. Inside the
tunica adnata, and firmly attached to 1t, 1s the
tunica albuginea, a fibrous connective-tissue mem-
brane of lamellar structure. Towards the posterior
margin of the human testis its thickness increases,
and forms there (Fig. 241) a special aceumu-
lation—in ecross section more or less conical, with
posterior basis—the mediastinum testis, or corpus
Highmori.

Between the tunica adnata and tunica albuginea
is arich plexus of lymphatics, which, on the one hand,
takes up the lymphatics of the interior, and on the
other leads into the efferent vessels that accompany
the vas deferens.

The testis of the dog, cat, bull, pig, rabbit, ete.,
lhave a central corpus Highmori; that of the mole,
hedgehog, and bat a peripheral one; while that of
the rat and mouse have none (Messing).

322, The framework. From the anterior
margin of the corpus Highmori spring numerous
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septa of connective tissue, which, passing in a radiat-
ing direction towards the albuginea, with which they
form a continuity, subdivide the testis into a large

Fig. 241.—Passage of Convoluted Seminiferons Tubules into Straight
Tubnles and into the Rete Testis. (Mihalkovics, Quain's * Anatomy.”) |

a, Seminiferons tubules ; b, fibrous tissue : ¢, rete testis,

number of more or less conical compartments, or
lobules, the basis of which is situated at the tunica
albuginea, the apex at the corpus Highmori. Kolliker
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mentions that non-striped muscular tissue occurs in
these septa.

From these septa thin connective-tissue lamellw
pass into the compartments, and they form the
supporting tissue for the blood-vessels, and also
represent the interstitial connective tissue between
the seminal tubules,

This intertubular or interstitial tissue is distinetly
lamellated, the lamellze being of different thicknesses,
and consisting of thin bundles of fibrous connective
tissue—arranged more or less as fenestrated mem-
branes—and endotheloid connective plates en their
surface. Between the lamellee are left spaces, and
these form, through the fenestree or holes of the
lamelle, an intercommunicating system of lymph
spaces—being, in fact, the H}Gt]["ts of the lymphatics
(Ludwig and Tomsa).

Within the lamelle are found peculiar cells,
which are much larger than lymph cells, and which,
in some instances (e.g. guinea-pig), include pigment
granules. They contain a spherical nucleus. In man,
dog, cat, sheep, especially in the boar, these cells form
large, continuous groups—plates and cylinders—and
the cells are polyhedral, and exactly similar to epithe-
lial cells. They are separated from one another within
the group by a thin interstitial cement substance.
Their resemblance with epithelium is complete. They
are remnants of the epithelial masses of the Wolffian
body of the feetus.

323. The seminal tubules (Fig. 242)
Within each compartment, above mentioned, lie
numerous seminal tubules, twisted and convoluted
in many ways, and extending from the periphery to
near the corpus Highmori. The tubules, as a rule,
are rarvely branched; but in the young state, and
especially towards the periphery, hrauchmg is not

nncommon.
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Each seminal tubule consists of a membrana
propria, a lining epithelium, and a lumen. The
membrana propria is a hyaline membrane, with oval
nuclei at regnlar intervals. In man it is thick and
lamellated, several such nucleated membranes being

Fig. 242, —Section of parts of three Seminiferous Tubules of Rat.
' (E. 4. Schafer.)

a, With the spermatozoa least advanced in development; b, more, and ¢, most
advanced. Between the tobules are strands of interstitial cells,

superimposed over one another. The lumen is in
all tubes distinet and relatively large. The lining
epithelium, or the seminal cells, differ in the adult
in different tubules, and even in different parts of
the same tubule, being dependent on the state of
secretion.

324. Before puberty all tubules are uniform in
this respect, being lined with two or three layers of
polyhedral epithelial cells, each with a spherical
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nucleus.  After puberty, however, the following
different tvpes can be distinguished.,

(a) Tubules or parts of tubules similar to those
of the young state —viz. several layers of polyhedral
epithelial cells lining the membrana propria. These
are considered as (@) the outer and (4) the inner
seminal cells.  The former are next to the membrana

Fiz. 243.—From a Section through the Testis of Dog, showing portions of
three seminal tubules, (Atlas.)

a, Seminal epithelial cells and numerous small cells loo=ely arranged ; B, small
cells or spermatoblaste becoming converted into spermatogoa; o, gronps of
theze in a further stage of development.

propria ; they are polyhedral in shape, transparent,
and the nucleus of many of them is in the process
of karyomitosis or indirect division (see par. 8) ;
in some the nucleus is oval transparent, but containing
a distinet network, The inner seminal cells generally
form two or three layers, and are more loosely con-
nected with one another than the outer seminal cells,
and therefore possess a more rounded appearance.
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Between these a nucleated reticulum of fine fibres
is sometimes noticed, the germ reticulum of von
Ebner. DBut this is merely a supporting tissue, and has
nothing to do with the germination of the cells or the
spermatozoa (Merkel). The inner seminal cells show
very abundantly the process of indirect division of the
nucleus, almost all being seen in one or another phase
of it.

325. The division of the inner seminal cells yields
numerous small sphervical cells ; these lie nearest the
lumen, and are very loosely connected with one
another. It 1s these which are transformed into
spermatozoa, and hence are appropriately called
spermatoblasts (Fig. 242).

Amongst the seminal cells, especially of cat and
dog, are found occasionally, but not very commonly,
large multinuclear cells, the nuclei of which are also
in one or other stage of karyomitosis.

(b) The innermost cells—z.e. the spermatoblasts—
become pear-shaped, the nucleus being situated at the
thinner extremity, becoming at the same time flattened
and homogeneous (Fig. 243). The elongation of the
spermatoblasts gradually proceeds, and in consequence
of this we find numerous elongated, club-shaped
spermatoblasts, each with a flattened nucleus at the
thin end. These are the young spermatozoa, the
nucleated extremity being the head.

(¢) At the same time these young spermatozoa
become grouped together by an interstitial granular
substance, in peculiar fan-shaped groups: in these
groups the head-—.c. the thin end containing the
flattened homogeneous nucleus—is directed towards
the inner seminal cells, while the opposite extremity
is directed into the lumen of the tube. Meanwhile
the inner seminal cells continue to divide, and thus
the groups of young spermatozoa get more and more
buried, as it were, between them.
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326. The original cell-body of the spermatoblasts
goes on PlDI‘ll"'ELtlllff until its protoplasm is almost, but
not quite, used to form a rod- shaped middle piece
(Schweigger Seidel) of the spermatozoa; from the
distal end of this, a thin long hair-like hl‘lIIlEIlt called
the tai/, crows out. W here this joins the end of the
middle piece, there is present, even for some time
afterwards, a last remnant of the granular cell-body of
the original epeunatubiaﬁ;t Some of the inner seminal
cells not used for the formation of spermatozoa dis-
integrate and yield the granular substance between
the spermatozoa of the groups, and also between these
latter.

When the granular interstitial substance holding
together the spermatozoa of a group has become dis-
mtEfftAted the spermatozoa are isolated. While this
develﬂpmnnt of the spermatozoa goes on, the inner
seminal cells continue to produce spermatoblasts, some
of which are converted into spermatozoa,

327. Spermatozea (Fig. 244, Fully formed
spermatozoa of man and mammals consist of a homo-
geneons flattened and slightly convex-concave head
(the nucleus of the original spermatoblast), a rod-
shaped wniddle piece {deuu*d directly from the cell-
body of the spermatoblast), and a long hair-like tail.
While living, the spermatozoa show very rapid oscilla-
tory and pmpclllng movement, the tail acting as a
flagellum or cilium ; its movements are spiral.

In the newt there is a fine spiral thread attached
to the end of the long, curved, spike-like head, and by
a hyaline membrane it is fixed to the middle piece ; it
extends beyond this as the fai/. Also in the mam-
malian and human spermatozoa, a similar spiral thread,
closely attached to the middle piece, and terminating
as the tail, has been observed (H. Gibbes).

328. The seminal tubules of each lobule pass into
a short straight tubule, the was rectwm. This is
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narrower than the seminal tubule, and is lined with a
single layer of polyhedral or short columnar epithelial
cells. The vasa recta form, in the corpus Highmonri,
a dense network of tubular Ll]ﬂIlHFIH which are irregu-
lar in diameter, being at one place narrow cle fth, at

e

Fig. 244, —Various Kindsof Spermatozoa.

A, Spermatozoon of guinea-pig not yet completely ripe ; B, the same seen side-
ways, the head of the spermatozoon 1= Hattened from side to eide; ©,
spermatozoon of horse ; D, spermatozoon of newt.

another wide tubes, but never so wide as the seminal
tubules ; this network of channels is the refe testis.

329. (2) The epididymis.—From the rete testis
we pass into the vasa efferentia, each being a tube
wider than those of the rete testis, and each leading
into a conical network of coiled tubes. These are the
coni vaseulosi.  The sum total of all the coni vasculosi
forms the globus major or head of the epididymis.

330. The vasa efferentia and the tubes of the coni
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vasculosi are about the size of the seminal tubules,
but, unlike them, are lined with a layer of beautiful
columnar epithelial cells, with a bundle of cilia (Fig.
245).  Outside these is generally a layer, more or
less continuous, of small polyhedral ceils. The sub-
stance of the columnar cells
is distinctly longitudinally
fibrillated. The membrana
propria is thickened by the
presence of a cireular layer
of mnon - striped muscular
fibres. The rest—i.e. the
¢lobus minor, or tail of the
epididymis—is made up of
a continuation of the tubes
of the globus major, the
s i Tubsle o e ol tubes diminishing gradually
didymis in cross-section. in number by fusion, and
The wall of the tubule is made up of thereby at the same time
a thick layer of roncentrically ar- : L
ranged non-striped muscular tissue, becoming ].:’L["f-"i:‘}["+ The
a layver of columnar epithelial cells 2 o Sl
with extraordinarily long cilia pro- columnar epithelial cells,
jecting into the lnmen of the tube. -
facing the lumen of the
tubes of the globus minor, are possessed of cilia
of unusual length.

The tubes of the epididymis are separated from one
another by a larger amount of connective tissue than
those of the testis.

The tubes of the organ of Giraldé, situated in the
beginning of the funiculus spermaticus, are lined with
columnar ciliated epithelium. So is also the pedun-
culated hydatid of Morgagni attached to the globus
major.

331. The seminal tubules and the tubes of the
epididymis are surrounded by a rich network of
capillary blood-vessels. DBetween the tubes of the
testis and epididymis are lymph spaces, forming an
intercommunicating system, and emptying themselves
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into the superficial networks of lymphatics—au.e,
those of the albuginea; the arrangement of these
networks is somewhat diflerent in the testis and
epididymis.

332, (3) Vas deferems and vesicul@®e semi-
nales.—The tubes of the globus minor open into the
vas deferens. This is; of course, much larger than
the former, and is lined with stratified columnar
epithelium. Underneath this is a dense connective-
tissue mucosa, containing a rich network of capillary
blood-vessels. Beneath this mucosa is a thin sub-
mucous tissue, which in the ampulla is better de-
veloped than in other parts, and therefore allows the
mucous membrane to become folded. Outside the
submucous tissue is the muscular coat, which consists
of non-striped muscular tissue, arranged as an inner
circular and an outer longitudinal stratum. At the
commencement of the vas deferens there isin addition
an inner longitudinal layer. There is finally a fibrous
tissue adventitia. This contains longitudinal bundles
of non-striped muscular tissue, known as the cremaster
internus (Henle). A rich plexus of veins—plexus
pampiniformis—and a rich plexus of lymphatic trunks,
are situated in the connective tissue of the spermatic
cord. The plexus spermaticus consists of larger and
smaller nerve-trunks, with which are connected small
groups of ganglion cells and also large ganglionic
swellings.

333. In the wesicule seminales we meet with
exactly the same layers as constitute the wall of the
vas deferens, but they are thinner. This refers espe-
cially to the mucosa and the muscular coat. The
former is placed in numerous folds. The latter con-
sists of an inner and outer longitudinal and a middle
circular stratum. The ganglia in connection with the
nerve trunks of the adventitia are very numerous.

334. In the ductus ejaculatori we find a lining of
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columnar epithelial cells ; outside of this is a delicate
mucosa and a muscular coat, the latter consisting of
an inner thicker longitudinal and an outer thinner
circular stratum of non-striped muscular tissue.

When passing into the vesicula prostatica the
columnar epithelium is gradually replaced by stratified
pavement epithelium.

335. (4) The prostate gland.—Like other
glands, the prostate consists of a framework and the
WLmd tissue proper or the parenchyma.

The framework, unlike that of other glands, is
essentially muscular, being composed of bundles of
non-striped muscular tissue, with a relatively small
admixture of fibrous connective tissue, The latter
is chiefly limited to the outer capsule and the thin septa
passing inwards, whereas the non-striped muscular tis-
sue surrounds and separates the individual gland alveoli.

336. The paremchyma consists of the chief
ducts, which open at the base of and near the colli-
culus seminalis, and of the secondary duects, minor
branchies of the former, which ultimately lead into the
alveoli, These are longer or shorter, wavy or con-
voluted branched tubes with numerous saccular or
club-shaped branches. The alveoli and ducts are
limited by a membrana propria, have a distinct lumen,
and are lined with columnar epithelium. In the
alveoli there is only a single layer of beautiful
columnar epithelial cells, the substance of which is
distinctly and longitudinally striated. In the ducts
there is an inner layer of short columnar cells, and an
outer one of small cubical, polyhedral or spindle-
shaped cells.

At the mouth of the ducts the stratified pavement
epithelium of the pars prostatica of the urethra passes
a short distance into the duct.

The alveoli are surrounded by dense networks of
capillary blood-vessels.
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In the peripheral portion of the gland numerous
ganglia are interposed in the rich plexus of nerves,
Also Pacinian corpuscles are to be met with.

337, (5) 'Whe urethra. The mucous membrane
of the male urethra is lined with simple columnar
epithelium, except at the commencement —the pars
prostatica—and at the end—the fossa navicularis—
where it 1s stratitied pavement epithelium.

The mucous membrane is fibrous tissue with very
numerous elastic fibres. Outside of it is a muscular
coat composed of non-striped muscular tissue, and
arranged as an inner circular and an outer longi-
tudinal stratum, except in the pars prostatica and pars
membranacea, where it is chiefly longitudinal. In the
latter portion the muscular bundles pass also into the
mucous membrane, where they follow a longitudinal
course between large veins arranged in a longitudinal
plexus. These veins empty themselves into small
efferent veins, This plexus of large veins with the
muscular tissue between represents a rudiment of a
cavernous tissue (Henle).

The mucous membrane forms peculiar folds sur-
rounding the lacunm DMorgagni. There are small
mucous glands, lined with columnar epithelium,
embedded in the mucous membrane ; they open into
the cavity of the urethra and are known as Littré’s
glands.

358, (6) The glands of Cowper. —Each gland
of Cowper is a large compound tubular gland, which,
as regards structure of ducts and alveoli, resembles a
mucous gland. The wall of the chief ducts possesses
a large amount of longitudinally arranged non-striped
muscular tissue. The epithelium lining the ducts 1s
composed of colummnar cells. The alveoli possess a
large lumen and are lined with columnar mucous
cells, the outer portion of the cell being distinctly
striated (Langerhans). 1In the cell the reticulum is
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also distinct. In this respect the alveoli completely
resemble those of the submaxillary of the dog, but
there are no real crescents in the alveoli of Cowper’s
aland,

339. (7) The corpus spongiosum.—The cor-
pus spongiosum of the urethra is a continuation of
the rudimentary corpus cavernosum above-mentioned
in connection with the pars membranacea of the
urethra. It is essentially a plexus of large veins
arranged chiefly longitudinally, and leading iuto
small efferent veins. Between the large veins are
bundles of non-striped muscular tissue. The capillary
blood-vessels of the mucous membrane of the urethra
open into the veins of the plexus. The outer portion
of the corpus spongiosum, including the bulbus
urethrie, shows, however, numerous venous sinuses,
real cavernw, into which open capillary blood-
vessels,

340. The glans penis is of exactly the same
structure as the corpus spongiosum. The outer
surface is covered with a delicate fibrous tissue
membrane, which on its free surface bears minute
papillee, extending into the stratified pavement epi-
thelium. At the corona glandis exist small sebaceous
follicles, the glands of Tyson; they are continued
from the inuer lamella of the prepuce, where they
abound. The papillze of the glans contain loops of
capillary blood-vessels. Plexuses of non-medullated
nerve fibres are found underneath the epithelium of
the surface of the glans. With these are connected
the end bulbs described in a former chapter as the
genital nerve-end corpuscles.

341, (3) The corpora cavernosa penis.
Each corpus cavernosum is enveloped in a fibrous
capsule, the albuginea, made up of lamellz of fibrous
connective tissue. Numerous Pacinian corpuscles
are met with around it. The matrix of the corpus
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cavernosum consists of trabecula of fibrous tissue,
between which pass bundles of non-striped muscular
tissue, all in different directions. Innumerable
cavernz or sinuses, intercommunicating with one
another, are present in this matrix, capable of such
considerable repletion that in the maximum degree
of this state the sinuses are almost in contact, and
the trabecule compressed into very delicate septa.
The sinuses are lined with a single layer of flattened
endothelial plates, and their wall in many places is
strengthened by the bundles of non-striped muscular
tissue. The sinuses during erection become filled
with blood, being directly continuous with capillary
blood-vessels. These are derived from the arterial
branches which take their course in the above tra-
beculze of the matrix. The blood passes from the
sinuses into small efferent veins. DBut the blood
passes also directly from the capillaries into the
efferent veins, and this is the course the blood takes
under passive conditions, while during erection it
passes chiefly into the above sinuses.

342. In the peripheral part of the corpus caver-
nosum there exists a direct communication between
the sinuses and minute arteries (Langer), but in the
rest the arteries do not directly communicate with
the sinuses except through the capillary blood-
vessels. In the passive state of the corpus caver-
nosum, the muscular trabecul® forming part of the
matrix are contracted, and the minute arterial
branches embedded in them are therefore much
coilled up; these are the arteriz helicinze,



CHAPTER XXXIV.

THE FEMALE GENITAL
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343. (1) The ovary (Fig. 246). —In the ovary,
as in other glands, the framework is to be dis-

Fig.: 246.—Vertieal Section through Ovary of

half-grown Cat. (Atlas.)
i, Albuginea; the geminal epithelium i2 not
distinguishable owing to the low power under
which the gection iz supposed to be viewed : b,
layer of smallest Graatian follicles and ova: e,
medinm-gized follicles ; d, layer of large follicles ;
&, Zona vasculosa

tinguished from
the parenchyma.
In the part of
the ovary next
to the hilum there
are numerous
blood - vessels, 1n
a loose fibrous
connective tissue,
with numerous
longitudinal bun-
dlesof non-striped
muscular tissue
directly contin-
uous with the
same tissues of
the ligamentum
latum. This por-
tion of the ovary
1s the zona vas-
culosa (Wal-
deyer). All parts
of the zona vas-
culosa — 2.e. the
bundles of fibrous
connective tissue,

the blood-vessels, and the bundles of non-striped
muscular tissue—are traceable into] the parenchyma.

4
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The stroma of this latter, however, is made up
of bundles of shorter or longer transparent spindle-
shaped cells, each with an oval nucleus. These
bundles of spindle-shaped cells form, by crossing
and interlacing, a tolerably dense tissue, in which
lie embedded in special distribution the Graafian
follicles. Around the larger examples of the latter
the spindleshaped cells form more or less con-
centric layers. In the human ovary bundles of
fibrous tissue are also met with.

The spindle-shaped cells are most probably a
young state of connective tissue.

Between these bundles of spindle-shaped cells
occur cylindrical or irregular streaks or groups of
polyhedral cells, each with a spherical nucleus ; they
correspond to the interstitial epithelial cells men-
tioned in the testis, and they are also derived from
the feetal Woltlian body,

J44. According to the distribution of the Graatian
follicles, the following layers can be distinguished in
the ovary :—

(@) The albuginea. This is the most peripheral
layer not containing any Graafian follicles. It is
composed of the bundles of spindle-shaped cells, in-
timately interwoven. In man, an outer and inner
longitudinal, and a middle circular, layer can be made
out (Henle), In some mammals an outer longi-
tudinal, an inner circular, or slightly oblique layer
can be distinguished in the albuginea.

The free surface of the albuginea is covered with
a single layer of polyhedral, or short columnar
granular-looking epithelial cells, the germinal
epitheliwm (Waldeyer). This epithelium, in its
shape and aspect, forms a marked contrast to the
transparent, flattened, endothelial plates covering
the ligamentum latum. '

345. (b) The cortical layer (Schron).—This is a
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layer containing the smallest Graafian follicles, either
agoregated as a more or less continuous layer (cat and
rabbit), or in small groups (human), separated by the
stroma. Thcse follicles are spherical or slightly oval,
of about ., inch in diameter, and each of them 1is
limited by a delicate membrana propria. Inside of
this is a layer of flattened, trans-
parent, epithelial cells, each with an

oval, flattened mnucleus; this is the
membrana  granuwlosa.  The ‘space

within the follicle is ocecupied by,
and filled up with, a spherical cell—
the ovum cell, or ovmme. This 1s
composed of a granular-looking pro-
toplasm, and in this 1s a big spherical,
orshghtly oval, nuclens—the germanal
vesicle. The substance of thisis either
a fine reticulum, limited by a delicate

Fig, 247.—A small
Graafian Follicle,
from the Ovary of
Cat, (Atlas.)

The follicle iz lined
with a laver of
columnar epithe-
Jial cells — the

membrana granu-
loga. The ovmm
fillz out the cav it:g
of the follicle; i
:s aurronnded In
1 thin zona w:'l]u-
un a, and it in-
cludes a germinal
vesicle or nuclens
with the intra-
nueclear reticulum.

membrane, with one or more nucleoli
or germinal spots, or it is in one of
the phases of indirect division or
karyomitosis, thus indicating division
of the ovum.

J46.

(¢) From this cortical layer to

the zona vasculosa we find embedded
in the stroma isolated Graafian follicles of wvarious
sizes, increasing from the former to the latter.
The biggest fnllmlea measure in diameter about
2% 1111:11. Those of the middle layers are of me-
dium size (Fig. 247). In them we find inside
the membrana propria the membrana granulosa,
made up of a single layer of transparent, co-
lumnar, epithelial cells. The ovum, larger than in
the small cortical follicles, fills out the cavity of the
follicle, and is limited by a thin hyaline euticle—the
zona pellucida. This appears as an excretion of the
cells of the membrana granulosa. The protoplasm of
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the ovum is fibrillated. The part surrounding the
germinal vesicle is more transparent, and stains
differently in osmic acid than the peripheral part.
The big nucleus, or germinal vesicle, is limited by a
distinet membrane, and inside this membrane is a
reticulum with
generally one
big nucleolus
or germinal
apol.
Between
these medium-
sized follicles
and the small
follicles of the
cortical layer
we find all in-
termediate de-
greesas regards
size of the fol-
licle and the

ovum, and es- Fig. 248.—Large Graafian Follicle of the Ovary ot

pecially as re- Cat.
he follicle is limited by a cap=ule, the theeca folliculi :
gﬂl‘{]ﬁ thE Shﬂpﬁ T ;ﬁeﬁ1::;1El;?nn:“gmnnilusa [1.5 composed of several

of the cells of leraofepithclalesiis The ovumwieh its dstinct
the membrana oo, the dseus proligerus Tue cavity of the
granulosa, the

intermediate sizes of follicles being lined by a granu-
losa made up of a layer of polyhedral epithelial
cells.

347. The deeper Graafian follicles—a.e. those
that are to be regarded as big follicles—contain an
ovum, occasionally two or even three ova, which is
similar to that of the previous follicles, except that 1t
is larger, and its zona pellucida thicker. The ovum
does not fill out the whole cavity of the follicle, since
at one side, between it and the membrana granulosa,

-
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there is an albuminous fluid, the rudiment of the
liquor folliculi.

348. The largest or most advanced follicles are of
areat size, easily visible by the naked eye, and con-
tain a large quantity of this liquor folliculi (Fig. 248).
In fact. the ovam occupies only a small part of the
cavity of the follicle. The ovum is big, surrounded
by a thick zona pellucida, is situated at one side, sur-
rounded by the discus ;uuhguus This consists of
layers of polyhedral cells, except the cells immediately
around the zona pe llucida, which are columnar. The
ovum with its discus pmhwmm is connected with the
membrana granulosa. This latter consists of stratified
pavement epithelinm, forming the entire lining of the
follicle.  The outermost layer of cells is columnar.
The membrana propria of these big follicles is
strengthened by concentric layers of the stroma
cells, and this represents the tunica fibrosa (Henle)
or outer coat of the follicle—theca folliculi externa.
Numerous blood capillaries connected into a network
surround the big follicles.

In those follicles that contain a greater or smaller
amount of the liquor folliculi we notice in the fluid a
variable number of detached granulosa cells in various
stages of vacuolation, maceration, and disintegration.

5349, In connection with the medium-sized and
large Graatian follicles are seen occasionally smaller
or ]arger solid eylindrieal or irregularly-shaped out-
growths of the membrana granulosa and membrana
propria ; they indicate a new formation of Graafian
tollicles, some containing a new ovam. When these
side branches become by active growth converted into
larger follicles, they may remain in continuity with
the parent follicle, or may be constricted off alto-
gether. In the first case, we have one large follicle
with two or three ova, according as a parent follicle
lias given origin to one or two new outgrowths.

1
g
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Amongst the epithelial cells constituting the
stratified IHEIH]II‘&,IIJ granulosa of the ripe follicles
we notice a nucleated reticulum.

Many follicles reach ripeness, as far as size and
constituent elements are concerned, long before
puberty, and they are subject to degeneration ; but
this process of degeneration involves also follicles of
smaller sizes,

350. Before menstruation, generally one, occasion-
ally two or more of the ripe follicles become very
h‘i.'pi‘l"l‘hE]tll(.. They grow, in consequence, very rapidly
in size ; their iu[um fl’..‘l“l{.ull increases to such a degree
that thev reach the surface of the ovary ; hualh‘
i.e. during menstruation—they burst at a c;u]wrhua,l
point ; the ov um, with its discus proligerus, 1s ejected,
and brought into the abdominal ostium of the oviduct.
The cavity of the follicle collapses, and a certain
amount of blood, derived from the broken capillaries
of the wall of the follicle, 1s effused into it. The
follicle is converted into a corpus luteun by an active
multiplication of the cells of the granulosa. New
capillaries with connective-tissue cells derived from
the theca folliculi externa gradually grow into the
interior—i.e. between the cells of the ﬁl‘&llulﬂ";ﬂ This
growth gl'm,lually fills the follicle, ﬂxcht the centre ;
this contains blood pigment in the shape of granules,
chiefly contained in large cells, and a few new blood-
vessels,"the blood pigment being the remains of the
original blood effused into the follicle.  But, ulti-
mately, all the pigment disappears, and a sort of
gelatinous tissue occupies the centre, while the peri-
phery—i.e. the greater part of the follicle—is made
up of the hypertrophied granulosa, with young capil-
lary vessels between its cells. The granulosa cells
undergo fatty degeneration, becoming filled with
several small fat globules, which gradually become
confluent into a big globule. In this state the corpus
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luteum is complete, and has reached the height of its
progressive growth. The tissue i1s then gradually
absorbed, and cicatricial tissue is left. When this
shrinks it produces a shrinking of the corpus luteum.
This represents the last stage in the hfe of a Graatian
follicle.  The corpus luteum of Graafian follicles, of
which the ovum has been impregnated, grows to a
much larger size than under other conditions, the
rranulosa becoming by overgrowth much folded,

351, Development of the ovary and Graa-
fian follicles. The germinal epithelinm of the sur-
face of the fatal ovary at an early stage undergoes
rapid multiplication, in consequence of which the epi-
thelinm becomes greatly thickened. The vascular
stroma of the ovary at the same time increases, and
permeates the thickened germinal epithelium. The
two tissues, in fact, undergo mutual ingrowth, as is the
case in the development of all glands—namely, the
epithelial or glandular part suffers mutual ingrowth
with the vascular connective-tissue stroma.

In the case of the ovary, larger and smaller
islands or nests (Balfour) of epithelial cells are thus
gradually differentiated off from the superficial epi-
thelium. These nests are largest in the depth and
smallest near the surface. They remain in connee-
tion with one another and with the surface for a
considerable period. Even some time after birth
some of the superficial nests are still connected with
the surface epithelium, and with one another (Fig.
749). These correspond to the ovarial tubes (Pfluger).
While in the rabbit these nests are solid collections,
in the dog they soon assume the character of tubular
structures (Pfliiger, Schifer). The cells constituting
the nests undergo multiplication (by karyomitosis),
in consequence of which the nests increase in size,
and even new nests may be constricted oft’ from old
ones (see also above).

|:J""
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352. At the earliest stages we notice in the
germinal epithelinm some of the cells becoming en-
larged in their cell body, and especially their nucleus :
these represent the primitive ova. When the ger-
minal epithelium undergoes the thickening above men-
tioned, and when this thickened epithelinm separates

Fig. 240.—From a Vertical Section through Ovary of a Newly-born Child.
(Waldeyer, in Stricker’'s Manual.)
a, Germinal epithelium ; b, ovarian tube; ¢, primitive ova ; d, longer tubes he-

coming consiricted off into several Graafian follicles ; e, large nests; f,
izo!ated finizhed Graafian follicles ; g, blood-vezsels,

into the nests and ovarial tubes, there is a continued
formation of primitive ova—i.e. cells of the nests
undergo the enlargement of cell.body and nucleus
by which they are converted into primitive ova.
Like the other epithelial cells, the primitive ova
of the nests and ovarial tubes undergo division into
two or even more primitive ova after the mode
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of karyomitosis (Balfour). Thus each nest contains
a series of ova.

353. The ordinary small epithelial cells of the
nests and ovarial tubes serve to form the membrana
agranulosa of the Graafian follicles, According to the
number of ova in a nest or in an ovarial tube, a sub-
division takes place in so many Graafian follicles,
each consisting of one ovum with a more or less
complete investment of small epithelial cells—z.e. a
membrana granulosa. This subdivision is brought
about by the ingrowth of the stroma into the nests.

The superficial nests being the smallest, as above
stated, form the cortical layer of the small Graafian
follicles ; the deeper ones give origin to larger follicles.
Thus we see that the ovam and the cells of the
membrana granulosa are derived from the primary
germinal epithelium ; all other parts—membrana
propria, theca externa, stroma, and vessels—are de-
rived from the feetal stroma.

There is a good deal of evidence to show that ova
and Graafian follicles are, as a rule, reproduced after
birth (Pfliger, Kolliker), although other observers
(Bischoff, Waldeyer) hold the opposite view.

354. (2) The oviduet.—The oviduct consists of
a lining epithelium, a mucous membrane, a muscular
coat, and an outer fibrous coat—the serous covering,
or peritoneum. The epithelium is columnar and
ciliated. The mucous membrane is much folded ; it
is a connective-tissue membrane with networks of
capillary blood vessels. In man and mammals there
are no proper glands present, although there are seen
appearances in sections which seem to indicate the
existence of short gland tubes; but these appear-
ances are explained by the folds of the mucous
membrane. The muscular coat is composed of non-
striped muscular tissue of a pre-eminently ecircular
arrangement ; in the outer part there are a few
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oblique and longitudinal bundles. The serous cover-
ing contains numerous elastic fibrils in a connective-
tissue matrix.

355. (3) The uterus.—7The epithelium lining
the cavity of the uterus is a single layer of columnar
cells, each with a bundle of cilia on their free sur-
face. These are very easily detached, and therefore
difficult to find in a hardened and preserved specimen.
But in the fresh and well-preserved human uterus
(Friedlander), as well as in that of mammals, the
cells are distinctly ciliated. The whole canal of the
cervix is in the adult lined with ciliated epithelium,
but in children, according to Lott, only in the upper
half. The surface of the portio vaginalis uteri 1s,
like that of the vagina, covered with stratified pave-
ment epithelium.

356. The mucous membrane of the cervix is
different from that of the fundus. In the former
it is a fibrous tissue possessed of permanent folds—
the palmz plicatee. Few thin bundles of non-striped
muscular tissue penetrate into these from the outer
muscular coat. Between the palmz plicate are the
openings of minute gland-tubes, more or less cylin-
drical in shape. They possess a membrana propria
and a distinct lumen lined with a single layer of
columnar epithelial cells, which, according to some
observers, are ciliated in the newly-born child, but,
according to Friedlinder, are alwavs non-ciliated.
Goblet cells are met with amongst the lining epi-
thelinm. Several observers (Killiker, Hennig, Tyler
Smith, and others) maintain the existence of minute,
thin, and long vascular papillee projecting above the
general surface of the mucous membrane in the lower
part of the cervix: these apparent papille are, how-
ever, only due to sections through the folds of the
mucous membrane. The mucous membrane of the
fundus is a spongy plexus of fine bundles of fibrous
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tissue, covered or lined respectively with numerous
small endothelial plates, each with an oval flattened
nucleus. The spaces of this spongy substance are
lymph 51:4{:%, and contain the glands and the blood-
vessels (Leopold).

357. The glands — glandul@® uterin® — are
short tubular glands lodged in the mucous mem-
brane and opening into the uterine cavity. During
puberty their mlmhm and their size increase con-
siderably, new glands being formed by the ingrowth
of the surface tlutlulmm lntn the mucous 1mﬂnhmne
(Kundrat and Engelmann). During menstruation,
and especially during pregnancy, they D'I{‘El.t]} Inerease
in length. I‘hm are more or less wavy and branched
at the bottom. A delicate membrana pr t}pln forms
the boundary of the tube; a distinet lumen is seen
in the nuddlv and this is lined with a single layer
of ciliated columnar epithelium (Allen I‘hmnsun,
Nylander, Friedlinder, and others).

358. During menstruation the thickness of the
mucous membrane increases, the epithelium of the
surface and of the greater pmt of the glands being
destroyved by fatty dewenemtmn, and hua]lv dltﬂﬂ'etller
detached. Afterw: anla its restitution takes pLu:e from
the remnant in the depth of the glands. But accord-
ing to J. Williams and also W ulﬂ, the greater part
of the mucous membrane, in addition to the epithe-
lium, is destroyed during menstruation.

The muscular coat forms the thickest part of the
wall of the uterus ; it is composed entirely of the non-
striped variety.

In the cornua uteri of mammals the muscular
coat is generally composed of an inner thicker circular
and an outer thinner longitudinal stratum, a few
oblique bundles passing frmn the latter iﬂtl} the
former. In the human uterus the muscular coat is
composed of an outer thin longitudinal, a middle thick
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layer of circular bundles, and an inner thick one of
oblique and circular bundles, Within these layers
the bundles form plexuses.

309. The arterioles in the cervix and their
capillaries are distinguished by the great thickness of
their wall.  The mucous membrane contains the
capillary networks. These discharge their blood into
veins situated in the muscular coat. Here the veins
are very numerous and arranged in dense plexuses,
those of the outer and inner stratum being smaller
than those of the middle stratum, where they corre-
spond to huge irregular sinuses, the bundles of
muscular tissue of the muscular coat giving special
support to these sinuses. Hence the plexus of venous
sinuses of the middle stratum represents a sort of
cavernous tissue.

360. The lymphaties are very numerous; in
the connective tissue of the muscular coat are lymph
sinuses and lymph clefts forming an intercommuni-
cating system ; they take up the lymph sinuses of the
mucous membrane above mentioned, and on the other
hand lead into a plexus of efferent lvmphatic vessels
with valves, situated in the subserous connective tissue,

The merves entering the mucous membrane are
connected with ganglia. According to Lindgren,
there 1s In the mucous membrane a plexus of non-
medullated nerve fibres which, near the epithelium,
break up into their constituent primitive fibrillz.

361. (4) The vagina. _The epithelium lining
the mucous membrane is a thick, stratified pavement
epithelium. The superficial part of the mucous mem-
brane—i.e. the mucosa—Iis a dense, fibrous connective
tissue with numerous networks of elastic fibres ; it
projects into the epithelium in the shape of numerous
long, simple or compound papille, each with a single
or complex loop of capillary blood-vessels. The
mucosa with the covering epithelium projects above




398 FEremenrs or Hisrorogy.

the general surface in the shape of longer or shorter,
conical or irregular, pointed or blunt, permanent
folds—the ruge. These contain a plf‘hll‘: of large
veins, between which are bundles of nc}n-striped
muscular tissue ; hence they resemble a sort of
cavernous tissue.

Outside of the mucosa is the loose submucosa,
containing a second venous plexus; its meshes are
elongated and parallel to the long axis of the vagina.
Outside of the submucous tissue is the muscular coat,
consisting of an inner circular and an outer longitu-
dinal stratum of non-striped muscular tissue. Oblique
bundles pass from one stratum into the other. From
the circular stratum bundles may be traced into the
submucosa and mucosa. A layer of fibrous tissue
forms the outer boundary of the wall of the vagina,
and in it is the most conspicuous plexus of veins, the
plexus venosus vaginalis. This plexus also contains
bundles of 11{}11-btuped muscular tissue, and therefore
resembles a cavernous tissue {(:ubhvnbaur) It 1s
not quite definitely ascertained whether or not there
are secreting ﬂ']d.llf.]*: in the mucous membrane of the
vagina. Von Preuschen and also Hennig described
tubular glands in the upper part of the fornix and in
the 111t1'mtu~s vaginea,

The l_*,*mp]mtlcs form plexuses in the mucosa, sub-
mucosa, and the muscular coat. The first are small
vessels, the second are larger than the third and
possess valves. The efferent vessels form a rich
plexus of large trunks with saccular dilatations in
the outer fibrous coat.

There are in the mucous membrane solitary lymph
follicles and diffuse adenoid tissue (Loevenstein).

Numerous ganglia are contained in the nerve
plexus belonging to the muscular coat.

End bulbs in connection with the nerve fibres of
the mucosa have been mentioned in Chapter X V.
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362, (5) The urethra.The structure of the
female urethra is similar to that of the male, except
that the lining epithelium is a sort of stratified
transitional epithelinm, the superficial cells being
short, columnar, or club-shaped ; underneath this layer
are several layers of polyhedral, or cubical cells.
Near the orificium externum the epithelinm 1is
stratified pavement epithelium,

The muscular coat is composed of an inner longi-
tudinal, and an outer circular, layer of non-striped
muscular tissue,

363, (6) The mymphae, clitoris, and vesti-
bulum. These are lined with thick stratified epi-
thelium ;: underneath is a fibrous connective-tissue
mucous membrane, extending into the epithelium in
the shape of cylindrical papillee with capillary loops
and nerve endings (end bulbs). The nymphz contain
large sebaceous follicles, but no hairs,

The nymphee contain a plexus of large veins with
bundles of non-striped muscular tissue; hence it
resembles a cavernous tissue (Gussenbaur). The
corpora cavernosa of the clitoris, the glans clitoridis,
and the bulbi vestibuli, correspond to the analogous
parts in the penis of the male. The glands of
Bartholin correspond in structure to the glands ot
Cowper in the male,
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CHAPTER XXXV,
THE MAMMARY GLAND.

364, Tuis, like other glands, consists of a frame-
work and p‘llEIlf‘]l\ ma. The former is lamellar fibrous
connective tissue subdividing the latter into lobes and
lobules and containing a certain amount of elastic
fibres. In some animals (rabbit, guinea-pig) there are
also small bundles of IlDIl-htl‘]l![‘{l muscular tissue.
From the interlobular septa fine bundles of fibrous
tissue with branched connective-tissue corpuscles pass
between the alveoli of the g¢land substance. The
amount of this interalveolar tissue varies in different
places, but in the active gland is always relatively
scanty.

Migratory or lymph corpuscles are to be met with
in the interalveolar connective tissue of both active
and resting glands. In the latter they are more
numerous than in the former. According to Creighton,
they are derived, in the resting gland, from the epi-
thelium of the wIaml alveoli. Granular large yellow
(pigmented) nucleated cells occur in the cmmectlve.
tissue, and also in the alveoli of the resting
gland, and Creighton considers them both identical,
and derived from the alveolar epithelium. And
according to this author, the production of these cells
would constitute the principal function of the resting
gland.

The large duets as they pass from the gland to the
nipple acquire a thick sheath, containing bundles
of non-striped muscular tissue. These latter are
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derived from ‘the bundles of non-striped muscular
tissue present in the skin of the nipple of the breast.
The small ducts in the lobules of the gland tissue
possess a membrana propria, and a lining—a single
layer of longer or shorter columnar epithelial cells.
The terminal branches of the ducts—i.e. just

Fig. 250.—From a Seetion through the Mammary Gland of Cat in a late
stage of pregnancy. (Atlas.)

@, Epithelial eells lining the gland-alveoli, seen in profile; b, the same, seen
rom the surfacc. Many epithelial cells contain an oil globule. In the eavity
of some of the alveoli are milk globules and granular matter,

before these latter pass into the alveoli—are lined with
a single layer of flattened pavement epithelium cells ;
they are analogous to the intermediate portion of the
ducts of the salivary glands (see Chap. XXTIIL.). S

365. Each of these terminal branches divides and
takes up several alveolt (Fig. 250). These are wavy
tubes, saccular or flask-shaped. The alveoli are
larger in diameter than the intralobular ducts. Each

A A
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alveolus in the active gland has a relatively large
cavity, varying in different alveoli ; it is lined with a
single layer of polyhedral, granular-looking, or short
columnar epithelial cells, each with a spherical nucleus ;
a membrana propria forms the outer limit., This
membrana propria, like that of the salivary, lachrymal
and other glands, is a basket-work of branched cells.

In the active gland each epithelial cell is capable
of forming in its interior one or more smaller or larger
o1l r-lnimlt*a These may, and generally do, bLCGIIlL
wnﬂm'ut and, pressing ‘the nucleus towards one side
of the f:{'ll, give to the latter the resemblance of a fat-
cell. The oil globules finally pass out from the cell
protoplasm into the lumen of the alveolus, and
represent now the milk globules, The cell resumes its
former solid character, and commences again to form
oil globules in its protoplasm. The epithelial cells,
as long as the secretion of milk lasts, go on again and
again forming oil globules in the above manner
without being themselves destroyed (Langer). The
milk globules, when in the lumen of the alveoli, are
enveloped in a delicate cuticle—the albumin mem-
brane of Ascherson, which they receive from the cell
protoplasm.

According to the state of secretion, most epithelial
cells lining an alveolus may be in the condition of
forming oil globules, or only some of them ; and
according to the rate in which milk globules are
formed and carried away, the alveoli differ in the
number of milk globules they contain.

According to Schmid, the epithelial cells, after
having secreted milk globules for some time, finally
break up, and are replaced by new epithelial cells
derived by the division of the other still active
epithelial cells.

366. The resting gland-—i.e. the gland of a non-preg-
nant or non-suckling individual —contains, compara-
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tively speaking, few alveoli, but a great deal of fibrous
connective tissue : the alveoli are all solid cylinders,
containing within the limiting membrana propria
masses of polyhedral granular- l::u::ukmrr epithelial cells.
During pregnancy tl‘iFSE solid cylmrlerf-. undergo mul-
tlpll(:'l.tlﬂ]] elongation, and thickening, owing to the
rapid division of the constituent epithelia] cells.

Finally, when milk secretion commences, the cells
oceupying the central part of the alveolus undergo the
tatty degeneration just like the peripheral cells, but
they—:.e. the central cells—are eliminated, while the
peripheral ones remain. The central cells are the
colostrum corpuscles, and consequently they are found
in the milk of the first few days only.

367. Ordinary milk contains no colostrum corpus-
cles, but only milk globules of many various sizes, from
the size of a granule to that of a globule several times
as big as an epithelial cell of an alveolus of the milk
gland. These large drops are produced by fusion of
small globules after havinz passed out of the alveoli.
Each milk globule is an oil globule surrounded, as
stated above, by a thin albuminous envelope—Ascher-
son’s menibrane, The small bits of granular substance
met with here and there are probably the remains of
broken-down protoplasm of epithelial cells,

368. Each gland alveolusis surrounded by a dense
network of capillary blood-vessels. The alveoli are
surrounded by lymplh spaces like those in the salivary
glands (Covne), and these spaces lead into nefworks of
lymphatic vessels of the interlobular connective tissue.
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CHAPTER XXXVI.
THE SKIN,

369. Tue skin consists of the following layers
(Fig. 252):—(1) The epidermis; (2) the corium, or
cutis vera, with the papille; (3) the subeutaneous
tissue, with the adipose layer or the adipose tissue.

370. (1) The epidermis (Fig. 25), in all its
constituent elements, has been minutely deseribed in
Chapter 11I. Its thickness varies in different parts,
and 1s chiefly dependent on the variable thickness of
the stratum corneum.  This is of great thickness in
the palm of the hand and the sole of the foot. The
stratum Malpighii fits into the depressions between
the papillee of the corium as the interpapillary pro-
cesses., The presence of prickle cells, of pigment
granules, and of branched interstitial nucleated cells,
ete., has been mentioned in Chapter I11.

There occur in the stratum Malpighii migratory
cells of granular aspect ; they appear to migrate from
the papillary layer of the corium into the stratum
Malpighii (Biesiadecki).

In the coloured skin—e.g. of the negro-—pigment
granules are abundant in the cell substance of the
stratum DMalpighii, especially in the deeper lavers ;
but there is present an almost continuous layer of
pigment in the superficial layers of the stratum
corneum (Fig. 251).

371. (2) The corinm is a dense feltwork of
bundles of fibrous connective tissue, with a large
admixture of networks of elastic fibres. From the
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surface of the corium project, small conical or eylin-
drical papille.  These are best developed in those
parts where the skin is thick—e.g. volar side of
hand and foot, scalp, lips of mouth, ete. Between

:.g,__ ]

£

Fig, 251,—From Vertical Seetion throngh Epidermis of 8kin of Finger of
Negro. (Photo. Moderote mognification.)
@, surface of stratum cornenm, much pigmented; b, stratum corneam; ¢

stratum Malpighii, containing pigment in its cells; d, corium with p.npillaf
extending into the stratum Malpighii.

the surface of the corium and the epidermis there
is a basement membrane. Migratory cells, with and
without pigment granules in their interior, are met
with, especially in the superficial part of the corium ;
they, as well as the fixed or branched connective-
tissue corpuscles (see par. 40), and other structures, as
vessels and nerves, lie in the interfascicular spaces.
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372. (3) The superficial part of the subcuta-
neous tissue insensibly mergesinto the deep part of
the corium ; it consists of bundles of fibrous connective
tissue aggregated into trabecule crossing one another
and interlacing in a complex manner. Numerous

Fig. 252.—Vertieal Section through the Skin of Human Finger.

a, Stratum corneum: b, stratum Jucidum ; e, stratum Malpighii ; 4, Melzssner's,
or tactile corpmzcle ; ¢, blood-vessels cut across; f, sudoriferons canal or
duct.

elastic fibres are attached to these trabecule. It con-
tains groups of fat cells, in many places arranged as
more or less continuous lobules of fat tissue, forming
the stratum adiposum. These lobules are separated
by septa of fibrous connective tissue : their structure
and development, and the distribution of the blood-
vessels amongst the fat cells, have been described
(Fig. 41, and on pp. 553 and 56). The deep part of the
subeutaneous tissue is loose in texture, and contains
the large vascular trunks and big nerve branches,
373. The superficial part of the subeutaneous
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tissue, or, as some have it, the deep part of the
corium, contains the sudoriparous or sweat glands.
Each gland is a single tube coiled up into a dense
mass of about 2o of an inch in diameter—in some
places, as in the axilla, reaching as much as six times
this size. From each gland a duct—the sudor:-
Serous canal—passes through the corium in a slightly
wavy and vertical direction towards the epidermis ;
it penetrates more or less spirally through the inter-
papillary process of the stratum Malpighii and the
rest of the epidermis, and appears with an open mouth
on the free surface of the skin.

The total number of sweat giands in the human
skin has been computed by Krause to be over two
millions : but it varies greatly in different parts of the
body, the largest number occurring in the palm of
the hand the mext in the sole of the foot, the next
on the dorsam of the hand and foot, and the smallest
in the skin of the dorsum of the trunk.

374. The sudoriferous canal and the coiled tube
possess a distinet lumen ; this is lined with a delicate
cuticle, especially marked in the sudoriferous canal
and in the commencement of the coiled tube. In the
epidermis the lumen bordered by this cuticle is all
that is present of the sudoriferous canal. It receives
a continuation from the deep layers of the stratum
}Ialpwhu and from the basement membrane ; the
former is the lining epithelium, the latter the ]1m11;1n0'
membrana propria of the sudoriferous canal. The
epithelium consists of two or three layers of small
polyhedral cells, each with a spherical or oval nucleus.

375. The structure of the sudoriferous canal is,
then, a limiting membrana propria, an epithelinm
composed of two or three layers of polyhedral cells, an
internal delicate membrane, and, finally, the central
cavity, or lumen.

The first part—about one-third or one-fourth—
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of the coiled tube (Fig. 253) is of the same structure,
and is directly continuous with the sudoriferous canal,
with which it is identical, not only in structure, but
in size. The remainder of the coiled tube—a.c. the
distal part—is larger in diameter, and differs in these
essential respects, that its epithelinm is a single layer

Fig. 253.,—From a Section through Human _:':i]-:in, showing the sweat gland
tubes cut in various directions, (Atlas,)

a, First part of the coiled tube =een in longitudinal section ; b, the same seen

in cross-section; e, distal part seen in longitudinal section; d, the =ame
sgen in crogs-section.

of transparent columnar cells, and that there is’
between this and the limiting membrana propria a
layer of non-striped muscle cells (Kolliker) arranged
parallel with the long axis of the tube. In some
places, as in the palm of the hand and foot, in the
scrotum, the nipple of the breast, the scalp, but
especially in the axilla, this distal portion of the coiled
tube is of very great length and breadth, and its
epithelial cells contain a variable amount of granules.

It appears to me that the cells resemble in this
respect those of the serous salivary glands and the
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chief cells of the gastric glands (Langley), inasmuch
as they produce in their interior larger or smaller
egranules which are used up during secretion, from the
erlphuy towards the Inmen,

376. The eeruminous glands of the meatus
auditorius externus are of the same structure as the
distal portion just described, except that the inner
part of the cell protoplasm . of the epithelium contains
vellowish or brownish pigment, found also in their
secretion—i.e. in the wax of the ear,

Avound the anus there is an elliptical zone, in the
skin of which are found large coiled gland tubes
cirewm-anal glands of A. Gay—which are identical in
structure with the distal portion of the sweat gland-
tubes.

377. The sweat gland develops as a solid ecylin-
drical outgrowth of the stratum M: Lllnrrhu of the
L*I_'Ild(lltlls} which gradually elongates till it reaches
the superficial part of the subcutaneous tissue, where
1t commences to coil. The lumen of the tube is of
later appearance. The membrana propria is derived
from the tissue of the cutis, but the epithelium and
muscular layer are both derived from the original
outgrowth of the epidermis.

78. The hair-follicles (Fig 254).—The skin
almost everywhere contains eylindrical follicles, planted
more or less near to one another, and in groups. In
each of them is fixed the root of a hawr ; that part ot
the hair which projects beyond the general surface of
the skin is the shaft.

A very few places contain no hair tollicles, such,
for instance, as the volar side of the hand and foot,
and the skin of the penis.

In size, the hairs and hair-follicles difter in dif-
ferent parts. Those of the scalp, the cilia of the eye-
lids, the hairs of the axilla and pubic region, those of
the male whiskers and moustache, are coarse and
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thick, while the hairs of other places—e.g. the outer
surface of the eyelids, the inside of the arm and fore-
arm, etc.—are very minute ; but as regards structure,
they are all very much alike.

379. A complete hair and hair-follicle —that is,

Fig. 254.—Longitudinal Bection through a Human Hair, (Atlas.)

i, Epidermis; 2, mouth of hair follicle; 3, sebaceous follicle; 4, musculus
arrector pili; 5, papilla of bair ; 6, adipose tissue.

the papillary hair of Unna—shows the following
structure :—

The hair-follicle. Each hair-follicle commences on
the free surface of the skin with a funnel-shaped
opening or mouth ; it passes in an oblique direction
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through the corium into the subcutaneous tissue, in
whose middle strata—i.e. in the stratum adiposum—
it terminates with a slightly enlarged extremity, with
which it is invaginated over a relatively small fungus-
shaped papilla. This latter is of fibrous tissue, con-
taining numerous cells and a loop of capillary blood-
vessels.

Minute hairs do not reach with their follicles to
such a depth as the large coarse hairs, the former not
extending generally much farther than the deep part
of the corium. Degenerating and imperfect hairs (see
below) also do not reach to such a depth as the perfect
large hairfollicles. In individuals with “ woolly ”
hair—e.g. the negro race (C. Stewart), and in animais
with “ woolly ” hair, such as the fleece of sheep—the
deep extremity of the hair-follicle is curved, sometimes
even slightly upwards.

330. The structure of a hair-follicle is as follows
(Fig. 255) : There is an outer coat composed of fibrous
tissue ; this is the fibrous coat of the lair-sac. It is
merely a condensation of the surrounding fibrous
tissue, and is continuous with the papilla at the
extremity of the hair-follicle. About the end of the
hair-follicle, or sometimes as much as in the lower
fourth, there is inside of this fibrous layer of the hair-
sac a single continuous layer of transversely or circu-
larly-arranged spindle-shaped cells, each with an oval
flattened or staff shaped nucleus, completely resembling
and generally considered to be non- strlped muscle-
cells. Inside of this layer of the hair-sac is a glassy-
looking, hyaline, basement membrane, which is not
very distinct in minute hairs, but is sufficiently con-
spicuous in large adult hair-follicles. This glassy
membrane, as it is called, is a direct continuation of
the basement membrane of the surface of the corium,
and it can be traced as a delicate membrane also over
the surface of the hair-papilla.
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o81. Next to the glassy membrane is the outer
root-sheath, the most conspicuous part of the hair-
follicle. Tt consists of a thick stratified epithelium of
exactly the same nature as the stratum Malpighii of
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Fir. 255.—Cross-section through a Human Hair
and Hair-follicle.

. Marrow of hair: b, cortex of hair; e, cuticle of
hair: d, Huxley's layer of inmer root-sheath; e,
Henle's layer of inner root-sheath ; £, outer root-
gheath : g, glazssyimembrane ; h, fibrous coat of hair-
gae : i, lyvmph spaces in the saone,

the epidermis,
with which it
is directly con-
tinuous, and
from which it
is developed.
In the outer
root - sheath the
layer of cells
nexttothe glassy
membrane is
colummar,  just
like the deepest
layer of cells in
the stratum Mal-
pighii ; then fol-
lowinwardsseve-
ral layersof poly-
hedral cells ; and,
finally, flattened

nucleated scales form the innermost boundary of the
outer root-sheath. The stratum granulosum of the
stratum Malpighii is not continued beyond the mouth
of the hair-follicle, but there it is generally very marked.
The outer root-sheath becomes greatly attenuated at
the papilla—in fact, it is there continuous with the

cells constituting the hair-bulb,

382. The centre of the hair-follicle is occupied by
the root of the hair, which terminates with an enlarged
extremity—the JAair-bulb - this grasps the whole
papilla.  The hair-bulb is composed of polyhedral
epithelial cells, separated from one another by cement
substance, and continunous with the cells of the ex-
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tremity of the outer root- sheath, from which they
originate in the first instance ; Juﬁt over the lmlﬂlln,
tllﬂlt‘.‘ is a special row of short colwmmnar cells, which
are in an active state of multiplication, in consequence
of which new cells are constantly being formed over
the papilla. As a result of this there is a oradual
pushing outwards, within the cavity of le hair-
follicle, of the cells previously formed ; these cells
form the hair itself. Nearest to the papilla all the
cells 6f the hair are polyhedral, farther outwards —z.e,
towards the surface of the skin-—they become more
elongated and spindle-shaped, and constitute the cells
of the hair-substance ; except in the very centre of the
hair, where they remain polyhedral, so as to represent
the cells of the marrow of the hair, and in the peri-
phery of the hair, where they remam more or less
polyhedral, so as to form the inner root-sheath.

383, The root of the hair, except at the hair-
bulb, shows the following parts: The substance of the
hair, the cuticle, and the inner root-sheath. The
substance of the hair is composed of the havr-fibres—
.. long thin fibres, or narrow long scales, each com-
posed of hyaline ]mtuy substance, “and poshear-;ed of a
thin staff-shaped remnant of a nucleus. These are
held together by a certain amount of interstitial
cement substance. Towards the bulb they gradually
change into the spindle-shaped cells above mentioned.
I'hvy can be isolated by strong acids and alkalies. 1In
pigmented hairs there occur numerous pigment
granules between the hair-fibres, but also diffused
prgment in their substance. The same 1s noticed with
reference to the hair-bulb—namely, pigment granules
being present in the intercellular cement, and pig-
ment also in the cell substance. In the centre of
many hairs is a eylindrical marrow, containing
generally one row of polyhedral cells, which are, to a
great extent, filled with air.




414 Erewenrs orF HistorLogcy.

384, Onthe surface of the hair-substance 1s a thin
cuticle, a single layer of horny non-nucleated hyaline
scales arranged more or less transversely; they are
imbricated, and, according to the degree of imbrica-
tion, the cuticle shows more or less marked projec-
tions, which give to the circumference
of the hair the appearance of minute
teeth, like those of a saw.

385. The inner root-sheath in
well-formed, thick hairs 1s very dis-
tinet, and consists of a delicate cuticle
next to the cuticle of the hair ; then
an anner, or Huxley's, layer, which
is a single, or sometimes double, layer
of horny cubical cells, each with a
remnant of a nucleus; and, finally,
an outer, or Heunle's, layer—a single
Fiw. 256, — Longitn- layer of non-nucleated horny cubical

G iew S0 ol
mented Human The shaft of the hair (Flg E."iﬁ),
e ~or the part projecting over the free
O ires of hair- surface of the skin, is of exactly the
anticiee 0 “ same structure as the root, except that
it possesses no inner root-sheath.

386. As mentioned above, at the hair-bulb the
polyhedral cells constituting this latter gradually pass
into the different parts of the hair—i.e. marrow-sub-
stance, cuticle, and inner root-sheath—and the con-
tinual new production of cells over the papilla causes a
gradual progression and conversion of the cells, and a
corresponding growth in length of the hair.

Pigmented hairs, as mentioned above, contain pig-
ment granules between—i.e. in the interstitial sub-
stance cementing together—the hair-fibres, and diffuse
pigment in theirsubstance. According to the amount
of these pigments, but especially of the interstitia!l
pigment granules (Pincus), the colour of the hair is
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of a greater or lesser dark tint, In red hairs there

1s chiefly diffuse pigment.
neither the one nor the
other pigment is present :
1n grey there is air at least
in the superficial layers of
the hair substance, besides
absence of pigment.

Sleek hairs are eircular,
curly oval, in cross-section,
Sleek hairs are implanted
with their hair-bulb
straight ; in curly hairs the
hair-bulb forms a more or
less pronounced hook. This
1s the cause for the more
or less spiral twisting of
the hair-shaft of curly hairs
during its growth outwards.

387, New formation
of hair (Fig. 257).—
Every hair, be it fine and
short or thick and long,
under normal conditions,
has only a limited exist-
ence, for its hair-follicle,
including the papilla, sooner
or later undergoes degener-
ation, and subsequent to
this a new papilla and a
new hair are formed in its
place.  What happens 1is
this—the lower part of the
hair-follicle, including the
papilla and hair-bulb, de-
generate and are gradu-
ally absorbed. Then there

In white or albino hairs

Fig. 257.—From a section through
Human Sealp, showing a degen -
erating hair. (Atlas,)

@, Epidermis; b, hair; ¢, outer root-
sheath of hair follicle; d, sebace-
ous follicle; e, arrector pili; f,
cyst grown out of the outer root-
gheath; g, hair-knob ; &, new out-
growth of the outer root-sheath ;
i, new papilla.
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1s left only the upper part of the follicle, and in the
centre of this is the remainder—i.e. non-degenerated
portion—of the hair-root. The fibres of this are at
the extremity fringed out and lost amongst the cells
of the outer root-sheath of the follicle. This repre-
sents the hair-knob (Henle). Now, from the outer
root-sheath a solid eylindrical outgrowth of epithelial
cellsinto the depth takes place ; against the extremity
of this a new papilla is formed. In connection with
this new papilla, and in the centre of that eylindrical
outgrowth, a new hair-bulb and hair are formed, and
as the latter gradually grows outwards tﬂwdrd% the
surface, 1t lm-., or rather pushes, the old hair—i.e
the hair-knob—out of the follicle. The outer part of
the follicle of the old hair persists.

Thus we find in all parts of the skin where hairs
occur complete or papillary hairs side by side with
degenerating hairs or hair-knobs.

388. Dev elopment of hair,—_[n the human
feetus the hair-follicles make their first appearance
about the end of the third month, as solid eylindrical
outgrowths from the stratum Malpighii. This is the
rudiment of the outer root-sheath. After having pene-
trated a short distance into the corium, this latter
becomes condensed around it as the rudiment of the
hair-sac, and at the distal extremity forms the papilla
growing against the outer root- sheath and invagin-
atmg it. On the surface of the papilla a rapid mul-
tiplication of the epithelial cells of this extremity of
the outer root-sheath takes place, and this forms the
hair-bulb, by the multiplication of whose cells the hair
and the inner root-sheath are formed. As growth
and multiplication proceed at the hair bulb, so the
new hair, with its pointed end, gradunally reaches the
outer surface. It does not at once penetrate the
epidermis, but remains growing and burrowing its
way for some time in the stratum corneum of the
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epidermis in a more or less horizontal direction, till 16
finally lifts itself out of this beyond the free surface.
389. In many mammals occur, amongst ordinary
hairs, special large hairs, with huge hair-follicles
planted deeply into the subcutaneous tissue; such

Fig. 258.—Section through the Skin of the Lip of a Rabbit's Mouth.
(Photograph.  Low power.)

Small ordinary hair-follicleg, one Iarge tactile hair and hair-follicle. The dark

thick boundary i the tissue of the hair-sac. the clear parts inside are the

maszes of blood spaces, the dark line next to the hair itself is the outer
root-sheath.

are the big hairs in the skin about the lips of the mouth
in the dog, cat, rabbit, guinea-pig, mouse and rat, etec.
These are the tactile hairs (Fig. 258). Their hair-follicle
possesses a thick hair-sac, in which are contained large
sinuses Intercommunicating with one another and
with the blood system ; these sinuses are separated

B B
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by trabecul of non-strined muscular tissue, and
tvpleaent therefore, a cavernous tissue. The pa.pﬂla
is large, and so is the outer root-sheath and the
hair-root in all its parts. There are vast numbers of
nerve-fibres, distributed and terminating amongst the
cells of the outer root-sheath (Arnstein).

390. With each hair-follicle are connected one or
two sebaceous follicles, These consist of several flask-
shaped or oblong alveoli, joined into a common short
duct opening into the ]1311 foilicle near the surface—
i.e. that part called the neck of the hair-follicle.

The alveoli have a limiting membrana propria ;
next to this is a layer of small polyhedral, granular-
looking epithelial cells, each with a spher ical or oval
1111{:]&115: next to this, and filling the entire cavity of
the alveolus, are large polyhedral cells, each with a
spherical nucleus: the cell substance is filled with
minute oil globules, between which is left a sort of
honeycombed reticulated stroma. The cells nearer to
the centre of the alveolus are the largest. Towards
the duct they become shrivelled up into an amorphous
mass. The duct itself i1s a continuation of the outer
root-sheath.

As multiplication goes on in the marginal layer of
epithelial cells—i.e those next the membrana propriz
—the products of this multiplication are gradually
shifted forward towards the duct, and through this
into the neck and mouth of the hair-follicle, where
they constitute the elements of sehumn.

There is a very characteristic misproportion be-
tween the size of the hair-follicle and that of the
sebaceous gland in the embryo and newly-born, the
sebaceous gland being there so large that it forms the
most conspicuous part, the minute hairs (lanugo)
being situated, as it were, in the duct of the sebaceous
follicle.

391. In connection with each hair-follicle, espe-
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cially where they are of good size—as in the scalp—
there is a bundle, or rather group of bundles, of non-
striped muscular tissue ; this is the arrector pili. Itis
inserted in the hair-sac near the bulbous portion of the

Fig. 259.—Vertical Section through the Human Nail and Nail-bed.

a, Stratum Malpighii of nail-bed; b, stratum granulosum of nail-hed : ¢, deep
layers of nail substance ; o, superficial layers of same,

hair-follicle, and passes in an oblique direction towards
the surface of the corium, grasping, as it were, on its
way the sebaceous follicle, and terminating near the
papillary layer of the surface of the corium. The
arrector pili forms with the hair-follicle an acute
angle —this latter being planted into the skin in an
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oblique direction, as mentioned above—and conse-
quently, when the arrector contracts, it has the effect
of raising the hair-follicle and hair (cutis anserina—
“goose’s skin”), and of making the hair assume a
more upright position (causes it, as we say, to ““stand
on end”). At the same time, it compresses the
sebaceous follicle, and thus facilitates the discharge of
the sebum.

392. The corium of the scrotum, of the nipple of
the breast, of the labia pudendi majora, and of the
penis, contains numbers of bundles of non-striped
muscular tissue (Kolliker), independent of the hairs ;
these run in an oblique and horizontal direction, and
form plexuses.

393. The nails (Fig. 259).—We distinguish the
body of the nail from the free margin and from the
root ; the body is the nail proper, and is fixed on to
the nail-bed, while the nail-root is fixed on the nail-
matrix—i.e. the posterior part of the nail-bed. The
nail is inserted, with the greater part of its lateral and
with its posterior margin, in the nai/-groove, a fold
by which the nail-matrix passes into the surrounding
skin.

394. The substance of the nail 1s made up of a
large number of strata of homogeneous horny scales —
the nail-cells—each with a staft'shaped remnant of a
nucleus.

The corium of the nail-bed is highly vascular ; it
is firmly fixed by stiff bands of fibrous tissue on the
subjacent periosteum ; it is covered with a stratum
Malpighii of the usual description, except that the
stratum granulosum is absent in the nail-matrix, but
is present in a rudimentary state in the rest of the
nail-bed. The nail itself represents the stratum
lucidum, of course of exaggerated thickness, situated
over the stratum \Iaﬂpwhu of the nail-bed. There
is no stratum corneum over the nail.
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The stratum Malpighii and corium of the nail-bed
are placed into permanent minute folds, and the nail
possesses on its lower surface c:mrespundmrr linear
indentations.

395. In the feetal nail-bed the stratum Malpighii
is covered with the usunal stratum lucidum and stratum
corneum, but the former is the larger; by a rapid
multiplication of the cells of the stratum Malpighi,
and a conversion of its superficial cells into the scales
of the stratum lucidum, the feetal nail is produced.
At this early stage the nail is covered by stratum
corneum. By the end of the fifth month the nail
margin breaks through this stratum corneum, and by
the seventh month the greater part of the nail has
become clear of it.

306, The blood-vessels of the skin.—The
blood-vessels are arranged in different systems for the
different parts of the skin (Tomsa) :—

(a) There is, first, the vascular system of the
adipose tissue, dlffermcr in no way from the dis-
tribution of blood-vessels in fat tissue of other places.

(b) Then there is the vascular system of the hair-
follicle. The papilla has a capillary loop, or rather
a minute arteriole, a capillary loop, and a descending
vein, and the fibrous tissue of the hair-sac possesses
capillaries arranged as a network with elongated
meshes, with its afferent arteriole and efierent vein.

(¢) The sebaceous follicle has its afferent arteriole
and eflerent vein, and capillary networks surrounding
the alveoli of the gland. The arrector pili and other
bundles of non-striped muscular tissue possess capil-
lary networks with elongated meshes.

(d) The sweat glands have an afferent arteriole,
from which proceeds a very rich network of capil-
laries, twining and twisting round the gland-tube,
The duct possesses its separate afferent arteriole and
capillaries, forming elongated meshes.
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(¢) The last arterial branches are those that reach
the surface of the corium, and there break up into a
dense capillarv network with loops for the papillz.
In connection with these capillaries 1s a rich plexus of
veins in the superficial layer of the corinm.

Fic. 260, —Skin of the Web of Froz of which the lymphaties had been in-
5 jected, showing the dense Pleuh of lymphatic vessels. (Photograph.
Low power. }

) In the nail-bed are dense networks of capil-
laries, with loops for the above-named folds. -
307. The lymphatics (Fiw 260).—There are net-
works of lymphatic vessels in all strata of the skin ;
they are, more or less, of horizontal expansion, with
nhlulup branches passing between them. Their wall
is a single layer of endothelial cells, and some of them
possess “alves. Those of the surface of the corium
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take up lymphatics of the papillze.  The subcutaneous
lymphatics are the biggest. The fat tissue, the sweat-
glands, and the hair-follicles possess their own lym-
phatic clefts and sinuses. The interfascicular spaces
of the corium and subcutaneous tissue are directly
continuous with the lymphatic vessels in these parts.

398. The nerves. The nerve-branches break up
into a dense plexus of fine nerve fibres in the super-
ficial layer of the corium. This plexus extends hori-
zontally, and gives off numerous elementary fibrils
to the stratum Malpighii, in which they ascend verti-
cally and in a more or less wavy fashion towards the
stratum lucidum (Langerhans, Podkopaeff, Eberth,
Eimer, Ranvier, and others). According to some,
they terminate with a minute swelling ; according to
others, they form networks; according to more
recent observations, some of the fibrils terminate
also in the substance of the deep epithelial cells (see
Chap. XIV.).

The subecutaneous nerve-branches of some places
—palm of hand and foot, and skin of penis—give
off single medullated nerve fibres, terminating in a
Pacinian corpuscle, mentioned in a former chapter.
In the volar side of the fingers and toes there occur
in some of the papillee of the corium the tactile or
Meissner’s corpuscles, each connected with one or two
medullated nerve fibres, as described in a previous
chapter. The outer root-sheath of the hair-follicles
contains the terminations of fine nerve fibres, in the
shape of primitive fibrille (Jobert, Bonnet, and
Arnstein). According to Jobert, the nerve fibres
entwine the hair-follicle in circular turns. The
tactile hairs possess a greater supply of nerves than
the ordinary hair-follicles,



CHAPTER XXXVIL
THE CONJUNCTIVA AND ITS GLANDS,

399. (1) The eyelids (Fig. 261).—The outer
]aver of the eyelids is skin of ordinary deseription ;
the inner is a delicate, highly vascular membrane—
the conjunctiva palpebre. This includes a firm plate
—the tarsal plate—which is not cartilage, but very
dense, white, fibrous tissue. In 1t lie embedded the
Meibomian ¢ meszu These extend in each evelid in a
vertical direction from the distal margin of the tarsal
plate to the free margin of the eyelid ; in the posterior
angle of this margin lies the opening or mouth of each
of the Meibomian glands,

The duet of a Meibomian ”‘1:111(1 i1s lined with a
continuation of the stratified pavement epithelium,
lining the free margin of the lid; it passes in the
tarsal plate toward its distal marr‘rm, and takes up on
all sides short minute ducts, each of which becomes
enlarged into a spherical, ":dﬂ(’:iﬁﬂ.l, or flask-shaped
alveolus,  This is identical in structure and secretion
with the alveol of the sebaceous follicles of the skin.

400. The conjunctival layer is separated from the
subcutaneous tissue of the skin layer of the eyelid by
the bundles of the sphincter orbicularis—striped mus-
cular tissue. Some bundles of this extend near the
free margin of the lid, and represent what is known
as the musculus ciliaris Riolani.  This sends bundles
around the mouth of the Meibomian ducts.

401. At the anterior angle of the free margin of
the lid are the eyelashes or eilia, remarkable for their
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direction from the margin of the lid towards its distal
part ; it completely coincides in structure with the
large portion of a sweat gland—i.e. that part contain-
ing a columnar epithelial lining, and between this and
the membrana propria a longitudinal layer of non-
striped muscular cells.

The free margin is covered, as mentioned above,
with stratified pavement epithelium, into which the
mucous membrane extends in the shape of minute
papillee.  In the conjunctiva palpebrae the epithelium
is a thin stratified pavement epithelium ; there arve
no papillie, but the sub-epithelial mucosa—that is, the
layer situated between the epithelium of the surtace
and the tarsal plate —contains a dense network of
capillary blood-vessels.

402, Passing from the eyelids on to the eyeball,
we have the continuation of the conjunctiva palpebrze
—1.e. the fornix conjunctivee—and, further, the con-
junctiva fixed to the sclerotic, and terminating at the
margin of the cornea—the conjunctiva bulbi. The
epithelium covering the conjunctiva fornicis and con-
junctiva bulbi is stratified epithelinum, the superficial
cells being short columnar; next to the fornix the
superficial cells are beautiful columnar, and the
mucosa underneath the epithelium is placed in regular
folds (Stieda, Waldeyer). Towards the cornea the
epithelium of the conjunctiva assumes the character
of stratified pavement epithelium, and minute papillae
extend into it from the mucosa.

403. The mucous membrane is tibrous tissue, con-
taining the networks of capillary blood-vessels.

Into the fornix lead minute mucous glands, em-
bedded in the conjunctiva fornieis; they are the glands
of Krauwse. Similar glands exist in the distal ‘portion
of the tarsal plate.

104. The blood-vessels of the conjunctiva
terminate as the capillary network of the superficial
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layer of the mucosa, and as capillay networks for the
Meibomian glands, Krause’s gland, etc.  Around the
corneal margin the conjunctival vessels are particu-
larly dense, and loops of capillaries extend from it
into the very margin of the cornea.

405, The lymphaties form a superficial and
deep network. Both are connected by short branches.
The deep vessels are possessed of valves. The super-
ficial plexus is densest at the limbus corneze, and they
are in direct connection with the interfascicular lymph
clefts, both of the sclerotic and cornea. In the
margin of the lid the superficial lymphaties of the skin
anastomose with those of the conjunctiva.

Lymph follicles oceur in groups in the conjunctiva
of many mammals about the inner angle of the eye.
In the lower eyelid of cattle they are very conspicuous,
and known as the glands of Bruch. They are also
well marked in the third lid of many mammals.

According to Stieda and Morano, isolated lymph
follicles occur also in the human conjunctiva.

406. The merves are very numerous in the con-
junetiva ; they form plexuses of non-medullated fibres
underneath the epithelinm. From these plexuses fine
fibrils pass into the epithelium of the surface, between
whose cells they terminate as a network (Helfreich,
Morano). End bulbs of Krause occur in great
numbers in man and calf. They have been mentioned
in a former chapter.

407. (2) The lachrymal glands are identical
in structure with the serous or true salivary glands,
The arrangement of the connective-tissue stroma, the
nature and structure of the ducts—especially of the
intralobular ducts—and alveoli, the distribution of
blood-vessels and lymphatics, are exactly the same
as in the true salivary glands. Reichel has found
that the epithelial cells lining the alveoli are well
defined, conical or eylindrical, transparent, and slightly
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granular during rest ; but during secretion they grow
smaller, more opaque and more granular, their outlines
are not well defined, and the nucleus becomes more
spherical and placed more centrally.

408, In most mammals there is in the inner angle
of the eye, and closely placed against the surface of
the eyeball, a gland called Harder's gland. Accord-
ing to Wendt, this is either a true serous gland, like
the lachrymal—as in the ox, sheep, and pig—or it is
identical in structure with a sebaceous gland, as in
the mouse, rat, and guinea-pig: or it consists of two
portions, one of which (white) is identical with a
sebaceous, while the other (rose-coloured) is a true
serous gland : such is the case in the rabbit and hare
According to Giacomini, a rudiment of Harder’s gland
exists also in the ape and man.



CHAPTER XXXVIII,

CORNEA, SCLEROTIC, LIGAMENTUM PECTINATUM AND
CILIARY MUSCLE.

109. 1. Tue cormea (Fig. 262) of man and many
mammals consists of the following layers, counting
from front to back :—-

(1) The epithelivm of the anterior surface (see
Fig. 26). This is a very transparent, stratified pave-
ment epithelium, such as has been described in par.
22, It is directly eontinuous with the epithelium ot
the conjunctiva, but it is more transparent ; in dark
pigmented eyes of mammals the epithelium of the
conjunctiva is also pigmented. In these cases the
pigment, as a rule, does not pass beyond the margin
of the cornea.

410. (2) Next follows a homogeneous elastic mem-
brane, Bowman's membrane, or elastica anterior. It
is best shown in the human eye, but is present, even
though only rudimentary, in the eye of mammals.

(3) Then follows the grownd substance, or sub-
stantia propria, of the cornea. This is composed of
iamellee of bundles of fibrous connective tissue.
Neighbouring lamell:e are connected with one another
by oblique bundles.

The fibre bundles within each lamella run parallel
to the surface of the cornea, but may cross one
another under various angles.

In the anterior layer of the ground substance some
of the bundles pass through several lamelle in an
oblique manner ; they represent the fibrae arcuatee.
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The fibrils within the bundles, and the bundles,
and the lamelle of bundles are held together by an

Fig. 262.—From a Vertical Section

i,

through the Membranes of the Eye of a
Child. (Atlas.)

Cornea; b, sclerotic; ¢, iriz; d, processus
ciliaris; e, ligahmentum pectinatum ; f,
riliary muscle, 1ts meridional bundles ; g
choroid membrane ; &, retina of the ora
gerrata: 4, sphincter pupillie in cross-
section.,

interstitial, albu-
minous, semi-fluid ce-
ment substance, which,
like other similar in-
terstitial  substances,
belongs to the globu-
lins, and 1s soluble in
10 per cent. saline
solution  (Schweigger
Seidel). A few elastic
fibrils are seen here
and there. Between
the lamellse are left the
lacune and eanaliculi
for the branched, flat-
tened, nucleated, cor-
neal  corpuseles,  de-
scribed 1n a previous
chapter (Figs. 37, 38).
They anastomose with
one another within the
same plane, and also,
to a limited degree,
with those of neigh-
bouring planes.

411. (4) The mem-
brana Descemeti,
or elastica posterior,
is a resistant elastic
membrane,  conspic-
uous by its thickness
in all cornez,

() The posterior
surface of this mem-
brane is covered with
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a mosaic of beautitul polygonal endothelial cells,
each with an oval nucleus—the endothelium of
Descemet’s membrane. Under stimulation these
cells contract. At first they appear slightly and
numerously branched, but gradually their processes
become longer and f{*v.tr, and ultimately they are
reduced to minute clumps of nucleated pli}tﬂpldﬂtn,
each with a few long processes.

There are no blood-vessels in the normal cornea,
except in feetal life, when there is underneath the
anterior epithelium a plexus of capillaries,

The lymphatics are represented as the intercom-
municating lymph-canalicular system—-i.e. the lacunze
and canaliculi of the corneal corpuscles ; and in con-
nection with these are lymph channels lined with a
continuous endothelinm and containing the nerve
bundles,

412. The merves (Figs, 103, 105, 106) are distri-
buted as the nerves of the anterior layers, and as
those of the Descemet’s membrane. The first form
rich plexuses of fibrillated axis cylinders, with trian-
gular nodal points (Cohnheim), in the anterior layers
of the ground substance; from this plexus pass
obliguely through Bowman’s membrane short branches
—the rami perforantes (Kolliker)—and these imme-
diately underneath the epithelinm break up into their
constituent primitive fibrils, the latter coming off
the former brush-like (Cohnheim). These primitive
fibrillee nltimately ascend into the anterior epithelium
(Hoyer, Cohnheim, and others), where they branch,
and nearly reach the free surface. They always run
between the epithelial cells, and are connected into
a network. According to some observers, they ter-
minate with free ends, pointed or knobbed ; but
according to others these apparent free ends are
not in reality free endings (Figs. 107, 263 and
264).
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413. The nerves of Descemet’'s membrane form
also a plexus of non-medullated fibres in the posterior
lavers of the ground substance ; from them come
off vast numbers of primitive fibrillze, running a more

Fig. 263.—From a Horizontal Section through the Gold-stained Cornea of
Rabbit ; the corneal (branched) cells are faintly indieated, but the
nerve fibrille are well marked, also their lateral branchlets, terminating
apparently with a minute knob. (Photograph. Moderate magnification.)

or less straight and long course, crossing one another
often under right angles; they give oftf very fine
fibrils, which are closely associated with the corneal
corpuscles, without, however, really becoming con-
tinuous with their protoplasm.

414. II. The selerotie consists of lamelle of
tendinous tissue. The bundles of fibrous tissue are
opaque ascompared with those of the cornea, although
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they pass insensibly into them. There are lymph
cleits between the lamell® and trabeculs, and in
them lie the flattened connective-tissue corpuscles,
which, in the dark eyes of some mammals only, contain

Fig. 264.—From the same preparation as in preceding figure, showing the
fine Nerve Fibrils passing along the processes and bodies of the
branched corneal corpuseles. (Photograph. Moderate maghification, )

pigment granules. Numerous elastic fibrils are met
with in the inner layers of the sclerotic.

415. Between the selerotic and choroid membrane
1s a loose fibrous tissue, which acts also as the sup-
porting tissue for the blood-vessels passing to and from
the choroid. The part of this loose tissue next
to the sclerotic, and forming part, as it were, of
the sclerotic, contains, in dark eyes of mammals,
numerous pigmented connective-tissue corpusecles ; it

cCC
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is then called lamina fusen. The rest—i.e. next
to the choroid membrane—is the supra-choroidal
tissue.

416. There sire blood-vessels in the sclerotie, which
belong to it; they arve arterioles, capillaries, and
veins ; in addition to these are the vaseular branches
passing to and from the choroid.

417. 111, The ligamentum pectinatum
iridis (see Fig. _:'bﬂ) 1s a conical mass of spongy tissue
joining firmly the cornea and sclerotic to the iris and
cili 1ary processes. [t forms an intimate connection, on
the one hand, with the junction of cornea and scler Dtl{:,
and on the other, with that of the iris and eciliary pro-
cesses, This ligament is composed of trabeculz and
lamellze of stiff elastic fibres, forming a continuity, on
the one hand, with the lamina Descemeti of the cornea
and the elastic fibres of the sclerotic, and on the other
with the tissue of the ciliary border of the iris, The
trabecul®e anastomose, so as to form a honeycombed
plexus, and the spaces in this plexus are lined
with a layer of flattened endothehial cells, directly
continuous with the endothelium of Descemet’s mem-
brane on the one hand, and with the layer of endo-
thelial cells covering the anterior surface of the iris
on the other hand. In some mammals, the spaces
in the ligamentum pectinatum near the iris are
very considerable, and are called the spaces of
Fontana.

The interlamellar and interfascicular lymph
spaces of the sclerotic form an intercommunicating
system.

The nerves form a dense plexus of non-medullated
tibres in the tissue of the sclerotic (Helfreich).

At the point of junction of the cornea and sclerotic,
but belonging to the latter, and in the immediate
neighbourhood of the lltmnwntum pectinatum iridis,
is a circular calml—tlw canal of Schlenun ; this is
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lined with endothelium, and is considered by some
(Schwalbe) as a lymphatic canal ; by others (Leber)
as a venous vessel.

418. TV, The ciliary muscle (Fig. 262) or
tensor choroidew, 1s fixed to this ligamentum pecti-
natum ; it is composed of bundles of non-striped
muscular tissue. This muscle consists of two parts :
(@) one of circular bundles nearest to the iris—this
is the portio Miilleri ; () the greater part is composed
of radiating bundles, passing from the ligamentum
pectinatum in a meridional direction for a consider-
able distance backwards into the tissue of the choroid
membrane. It occupies the space between the liga-
mentum pectinatum, sclerotic, ciliary processes, and
the adjoining portion of the choroid membrane.
The bundles of the muscle are arranged more
or less in lamellwe ; within each lamella they form
plexuses,

A rich plexus of non-medullated nerve fibres, with
groups of ganglion cells, belongs to the ciliary muscle.
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CHAPTER XXXIX
IRIS, CILIARY PROCESSES AND CHOROID.

419. 1. Tue iris consists of the following layers :—

(1) The endothelium of the anterior surface : trans-
parent, flattened, or polyhedral cells, each with a
spherical or slightly oval nucleus: in dark-coloured
eyes of man and mammals brown pigment granules
are contained in the cell substance,

(2) A delicate hyaline basement membrane : it is
continuous through the trabeculie of the ligamentum
pectinatum with the membrana Descemeti of the
cornea.

(3) The substantia propria: this i1s the ground
substance ; it consists of fibrous connective tissue in
bundles, accompanyving the blood-vessels, which are
very numerous in the tissue of the iris. Many
connective-tissue corpuscles are found in the sub-
stantia propria ; they are more or less branched, and
many of them contain, in all but albino and blue
eves, vellowish-brown pigment granules. The depth
of the colour varies according to the number of these
pigmented connective-tissue cells, and to the amount
of the pigment granules present in them.

(4) A hyaline delicate basement membrane limits
the substantia propria on the posterior surface : this
is an elastic membrane, and is continued over the
ciliary processes and choroid as the lamina vitrea.

420. (5) The last layer is the epithelium of the
posterior surface ; this is a layer of polyhedral cells,
filled with dark pigment granules, except in albinos,
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where there are no pigment granules  This endo-
thelium i1s called the uvea, or tapetuam nigrum. The
interstitial cement substance
between the cells is not pig-
mented, but transparent.

The name “uvea” is some-
times applied to the whole of the
iris, ciliary processes, and choroid
membrane.

In blue eyes the posterior
epithelium is the only pigmented
part of the iris, and so it is
also in new-born children, whose
iris appears blue. In all cases
where the iris appears blue,
this 1s due to the dark back
—1.e, the pigmented epitheliumn
of the posterior surface—being
viewed through a dull layer
t.2. the substance of the iris.

421. Near the pupillary
border the posterior section of
the substantia propria contains
a broad layer of circular bundles
of non-striped muscular tissue: pi;, 265 — Blood - vessels
this is the sphincter pupillee.  (injected) of the Iris and

= ; : Choroid Membrane of the
In connection with this are  Eye ofa Child. (Kolliker,
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are the bundles of the dila-  Spnineter, T

tator pupille, forming a sort of

thin membrane near the posterior surface of the
iris (Henle and others), At the ciliary margin
the bundles take a circular direction and form a
plexus (Ivanoff).
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122, The blood-vessels (Fig. 265) of the iris
are very numerous. The arteries are derived from
the circulus arteriosus iridis major, situated at the
ciliary margin of the iris, and from the arteries of
the ciliary processes. These arteries run in a radi-
ating direction towards the pupillary margin, where
they terminate in a dense network of capillaries for
the sphincter pupille.  But there are also numerous
capillary blood-vessels of a more or less longitudinal
direction near the posterior surface of the iris. The
veins accompany the arteries, and both are situated
in the middle stratum of the substantia propria.

In the sheath of the blood-vessels arve lymph elefts
and lymph sinuses: there appear to be no other
lymphaties.

423. The merve fibres are very numerous
(Arnold, Formad), and in the outer or ciliary portion
of the iris form a rich plexus, from which are derived :
(a) networks of non-medullated fibres for the dilator
pupillze ; (4) a network of fine non-medullated fibres
for the anterior surface ; and (¢) a network of non-
medullated fibres for the sphincter pupille.

The capillary blood-vessels are also accompanied
by fine nerve fibres (A. Meyer), and, according to
Faber, there exist ganglion cells in these nerve net-
works.

424. 11. The ciliary processes are similar in
structure to the iris, except, of course, that they do
not possess an anterior endothelinm or an anterior
basement membrane. The substantia propria is
fibrous tissue with elastic fibres and numerous
branched cells, pigmented in dark (but not in blue)
eyes. The posterior basement membrane is very
thick, and is called the lamina witrea ; in it may be
detected bundles of fine fibrils. It possesses perma-
nent folds arranged in a network (H. Miiller). The
inside of it is covered with a layer of pigmented poly-
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Fig. 266.—From a Vertical Section through the Ciliary Proeesses of the
Ox's Eve., [(Atlas.)

. Fibrous tiggsue with pigmented cell=; b, loose fibrons tisgue forminge the

proper membrane of the cilinry process; . pigmented epithelinvm covering

the posterior surface of the ciliacy process; d, epitheloid cells, torming the

pars ciliaris retinge covering the back of the ciliary processes; e, Zonula
Zinnii, with bundles of [bres.
epitheloid cells, each with an oval nucleus. These are
closely fixed on the tapetum nigrum, and are the
continuation of the retina over the Eiliﬂ.]'}" processes :
this is the pars ciliaris retine (Fig. 266).
= '3 - " o
425. The arterial branches for the ciliary processes



440 ELEmENTS OoF Hisrtorocy.

and muscle are chiefly dervived from the ecirculus
arteriosus iridis major, and form a dense network of
capillaries for the former; each ciliary process pos-
sesses a conical eroup of capillaries (Fig. 265).

1926. 1IL. The ehoreoid membrane consists—
counting from outwards, e from the sclerotic, iv-
wards, z.e. towards
the retina—of the fol-
lowing layers:

(1) The 11191111)1&113
supra-choroidea. This
is a continuation of
the  sclerotie, with
Fir. 267.—Pigmented Connective-tissue ?Thmh it is identical

“Cells of the Choroid Coat. ( Atles.) in structure ; the spaces

betweenits lamellw® are

lined with endothelium, and represent lymph spaces
(Schwalbe).

(2) Next follows an elastic layer which contains
networks of elastie fibres, the branches of the arteries
and veins, and, in its outer portion, pigmented cells
(Fig. 267)

427. (3) Then follows the membrana chorio-capil-
laris, a dense network of capillary blood-vessels em-
bedded in a tissue containing numerous branched and
unbranched pigmented and unpigmented connective-
tissue cells,

(4) The lamina vitrea ; and, finally,

(5) The tapetum nigr um or the pigmented epithe-
linm, which, however, is LDIIHB.][ red part of the retina.,
In thu region of the ora serrata of the retina—i.e.
next to the ciliary processes—also this zone of the
choroidea is lined with a layer of transparent,
columnar, epitheloid cells, representing the pars
ciliaris retinee.

428, The arterize ciliares breves and recurrentes,
situated in the outer part of the choroidal tissue, form
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CHAPTER XIL.
THE LENS AND VITREOUS BODY,

429. (1) "M'he lens consists of a thick, firm, elastic
capsule and of the lens substance.  The former shows
fine longitudinal strise, and diminishes in thickness
towards the posterior pole of the lens. The surface
of the capsule facing the anterior surface of the lens
substance is lined with a single layer of polyhedral,
granular-looking, epithelial cells, each with a spherical
or oval nucleus. This epithelium stops as such at the
margin of the lens, where its cells, gradually elongat-
ing, pass into the lens fibres. The nuclei of these he
in a curved plane belonging to the anterior half of the
lens : this is the nawclear zone. The lens substance
consists of the lens fibres. These are band-like, hexa-
gonal in transverse section ; their outline is beset with
numerous fine ridges and furrows, which in neigh-
bouring fibres, fitting the one into the other, form a
firm connection between the fibres (Valentin, Henle,
Kolliker, and others). The fibres of the peripheral
portion are broader and thicker, and their substance
is less firm than those of the centre—z.e. of the lens
nucleus. The substance of the lens fibres is finely
granular and delicately and longitudinally striated.

430. The lens fibres (Fig. 268) are arranged in
concentric lamellwe, each consisting of a single layer of
fibres joined by their broad surfaces, Each fibre is
slightly enlarged at the extremities; and in each
lamella the fibres extend from the anterior to the
posterior surface. Their extremities are in contact
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with the ends of the fibres of the same lamella in the
sutures, or the rays of the so-called /lens stars. 1In
the lens of the newly-born child, the stars of both
anterior and posterior lamelle possess three such rays,
while in the adult each of these rays has secondary
rays. In these rays there is a homogeneous thin layer
of an albuminous cement substance ; a similar sub-
stance in minute quantity is also present between the
lamelle, and in 1t occur smaller or larger clefts and
channels, which evidently carry the nutritious fluid for
the lens fibres.

431. (2) The vitreous body is a fluid substance
enclosed in a delicate hyaline capsule—the membrana
hyaloidea.  This membrane, at
the margin of the fossa patel-
laris of the vitreous body—i.e.
the fossa in which the lens 1is
lodged—and without covering
this fossa, passes as the zonula
ciliarls, or zonula Zinnii, or
suspensory ligament of the lens,
to the margin of the latter, to
which i1t is firmly adhering. So
it adheres also to the surface of iy 268 Prom a Section
the ciliary processes. The zonula :lﬁa‘:ﬂl the Lens of Dog.
Zinnii is hyaline and firm, and g, wine

Showing four lamell® : in

. ¥ each the component |
1s st PHgtllEl"l:E(E ]J:;" -'}113“113‘3"1“3 of fibres are cut :lli.‘-'ll'l'lss: El?g;
bundles of minute stiff fibrils. SDPSNL 85 Hnukcieg Qe NG

CONE,

Between the suspensory liga-
ment of the lens, the margin of the lens and of the
fossa patellaris is a circular lymph space, called the
canalis Petiti.

Beneath the membrana hyaloidea are found iso-
lated nucleated granular-looking cells (the sub-hyaloid
cells of Ciaccio), possessed of ameboid movement
(Ivanott).

432. The substance of the corpus vitreum appears
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differentiated by clefts, concentric in the peripheral,
radiating in the central part (Briicke, Hannover,
Bowman, Ivanoff, Schwalbe). But these do not con-
tain any distinct membranous structures (Stilling,
Ivanoft, Schwalbe).

The canalis hyaloideus, or canal of Stilling, extends
from the papilla nervi opticit to the posterior capsule
of the lens, and is lined with a continuation of the
membrana hyaloidea.

433. In the substance of the corpus vitreum ocecur
isolated nucleated cells, possessed of ameeboid move-
ments, and some contain vacuoles, indicating com-
mencing degeneration. They are all identical with
white blood-corpuscles (Lieberkiibn, Schwalbe).

Fine bundles of fibrils are occasionally seen in the
substance of the vitreous body.



445

CHAPTER XLI

434. THE retina (Fig

THE RETINA.

269) consists of the follow-

{:.!

ing layers, counting from inwards towards the choroid

membrane : — (1)
The membrana li-
mitansinterna,
which is next to
the membrana hya-
loidea of the wvi-
treous body ; (2)
the mnerve fibre
layer ; (3) the layer
of ganglion cells ;
(4) the inner gran-
ular or inner mole-
cular layer ; () the
layer of 1nner
nuclei; (6) the
outer granular, or
outer molecular, or
internuclear layer :
(7) the layer of
outer nuclei; (8)
the membrana
limitans externa ;
(9) the layer of
rods and cones;
and (10) the pig-
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Fig. 269, —From a Transverse Section through

the Eyve of Sheep; peripheral portion of
retina. (Atlas.)

@, Innmer part of sclerotic; b, supra-choroidal

(piemented) lamelle; ¢, d, layers of choroid
coat s £ pigmented epithelium of retina; 5
layer of rods ; g, cones ; h, layer of outer nuclei ;
i, outer molecular layer; j, layer of inner
nuclei ; k inner molecular layer; I, layer of
ganglion cells, with the ial or Miiller'z
fibres between ; in, layer of nerve fibres.

mented epithelium of the retina, or the tapetum
nigrum mentioned above (p. 439), which forms, at the
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same time, the inner lining epithelium of the choroid
membrane.
435. From this arrangement are excepted () the

Fig. 270.—Diagram of the Ner- Fig. 271.—Diagram of the Connective-
vous Elements of the Retina, Tissue Substance of the same.
s Nerve fihres; 5, ganglion cells: 4, inner molecular layer; 5, inner nuclear

layer : 6, outer molecular layer; 7, outer nuclear laver ; 8, membrana limitans
externa : 9, rods and cones, (Max Schultze.)

papilla nervi optici, (b) the macula lutea and fovea
centralis retinz, and (¢) the ora serrata of the retina.
(a) The papilla nervi optici, or the blind spot of
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the retina, represents the entrance of the optic nerve
fibres into the retina; thence, as from a centre, they
spread out in a radiating (ll]i:'ﬂtl(ﬁin into the saucer-
shaped retina, of which they form the internal layer.
No other elements of the retina are present at “the
papilla, except a continuation of the limitans interna.
At the papilla nervi optici the arteria and vena
centralis nervi optici also enter, and spread out with
their branches in the inner layers of the retina. A
large lvmph space is also found there.

(b) The macula lutea and fovea centralis will be
considered after the various layers of the retina have
been described.

(¢) At the ora serrata all circular and nuclear
elements of the retina—except the pigmented epithe-
linm—and the nerve fibres, come to an end ; but the
limitans interna, with its peculiar radial or Miller’s
fibres, is continued over the ciliary processes in the
shape of columnar epitheloid nucleated cells men-
tioned above : this is the pars ciliaris retinw.

436. Structure of the layers of the retina (Figs.
270, 271).

(1) The membrana limitans interna is
composed of more or less polygonal areas, which are
the ends or bases of pyramidal, finely-striated fibres
—the radial fibres of Miiller. FEach radial fibre passes
from the limitans interna in a vertical direction
through all layers to the limitans externa, and on its
way gives off numerous lateral branchlets, fibrils and
membranﬁ-h, which anastomose with one another so as
to form a honeycombed stroma or matrix for all
cellular and nuclear elements of the retinal layers.
In the nerve fibre layer the radial fibres are thickest,
this being, in fact, the pyramidal basis ; in the inner
nuclear layer each possesses an oval nucleus.

437. (2) 'The layer of nerve fibres.—The
optic nerve fibres at their entrance into the eyeball
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lose their medullary sheath, and only the transparent
axis cylinder is Iunlmwwl into the retina. In man,
medullated nerve fibres in the retina are very excep-
tional ; in the rabbit there are two bundles, whose
fibres retain their medullary sheath in the retina

Fig. } 272, — Section of i'{f-tn:m of Dog [ (After Cajal, from Quain's
,I;rrri"uuy jl

i, Cone fibre ; b, rod fibre and nuclens ; ¢, d, bipolar cells with inner nuclei, with
vertical ramifieations to receive the ]-.:ll.u'huul ends of the rod fibres; e L with
flattened ramifications for the arborising ends of the cone I'i]n:e-?-. Zan-
;:;lu-n cell sending an axom to the outer molecular layver; h, .-'|~U|1glcilnl-ts[:

t, nerve fibres passing to the outer molecular layer ; j, centrifugal nerve fibres
|'=l'~'-ﬂl.|1’ into, and terminating in, inner mnif-n ular layer ; m, nerve fibres
passing toinner molecular layer ; n, "m;lmn cells : A, outer molecular layer:
E, inner molecular layer ; ¢, nerve fibre layer.

(Bowman). The nerve fibres remain grouped in
bundles in the retina, and even form plexuses. For
obvious reasons, the number of nerve fibres in the
nerve fibre layer diminishes towards the ora serrata.
438, (3) The layer of ganglion cells.There
is one stratum of these cells only, except in the
macula lutea, where they form several strata. Each
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cell is multipolar, and possessed of a larce nuclens.
One process 1s directed inwards and becomes the
axon, being a fibre of the nerve fibre layer. Several
branched processes or dendrites pass from the opposite
side of the cell into the next outer laver—i.e the
inner molecular layer. :

From the researches of Ramén y Cajal, it is clear

Fig.273.—From the Retina of Dog. (After Cajal, from Quain's ** Anatomy.

A, small m:n.'i.u.‘ri_m- (spongioblast) of the mmner molecnlar layer: ¢, large ganglion
cell; £, g, h, i, emall canglion cells arborizing in the inner molecular layer.

that the dendrites terminate by arborisations or den-
drons in the next or inner molecular layer (see Figs,
272, 273, and 274).

The ganglion cells are separated from one another
by the radial fibres of Muller.

439. (4) The immer molecular iayer is a
fine and dense reticulum of fibrils, with a small
amount of granular matter between. The fibrils are
connected with lateral branchlets of the radial fibres
of Muller. This layer is, on account of its thickness,
a conspicuous part of the retina. Inlower vertebrates
it appears stratified.

As mentioned just now, it contains the terminal
arborisations of the dendrites of the ganglion cells.

440. (5) The inmer nuclear layer contains in
a honeycombed matrix of a hyaline stroma numerous
nuclei, in two, three, or four layers. In the am-
phibian retina these form a larger number of layers.
Some oblong nuclei of this layer belong, as has been
mentioned above, to the radial fibres of Mailler:

D D
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Next to the molecular layer are small nuclei belonging
to flattened branched cells ( Vintsel: gau), the spongio-
blasts of W. Miiller. These cells }mw been shown
by Golgi's method to be possesse «d of rich arborisations,
which extend horizontally into the outer and inner

:’f"-f-'-' s ,-b._--‘L-L '\__,
ALY "1 }"'u i i

"'I
L

Fig. 274.—Section of Retina of Bird. (After Cajal, from Yuain’s “Anatomy.”)

A l" ? arge spon Ll yhlasts 4.‘[ fm':-_'-r nuclear laver: c. =mall spongioblazt - D,

lar cell of inner nuclear :1:.':;-:' with a and & arborising in inner mole-
ular laver “ﬂq-ur :rminating at Eat the limitans externa; F, G, rod and
cone ~__-:-..-3.a|; H I, cells with .! orisations in onter molecnlar layer: J, radial

fibre of Miille

molecular layers (see Fiz. 272). Ramén y Cajal
designates them as amacrines. DBut the great
majority of the nuclei of this layer are shghtly r_:-'-.*al
with a reticulum in their interior. Each hp]uncrs tu
a spindle-shaped cell, with a small amount of proto-
plasm around the nucleus ; it is, in fact, a bipolar
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ganglion cell (Max Schultze), of which one process (the
inner) passes as a fine varicose fibre into the inner
molecular layer, where it terminates as a delicate den-
dron, while ‘the other or outer process passes into the
next outer layer of the retina—z.e. the outer molecu-
lar layer, to terminate here by a rich arborisation or
dendron (Fig. 272).

(6) The outer molecular Iayer is of the same
structure as the inner molecular layer—i.e. a fine
reticulum of fibrils—but is considerably thinner than
the latter. It also contains the dendrons of cells
inside and outside it (Fig. 272).

441. (7) The outer muclear layer contains, in
a honeycombed matrix, a large number of oval nuclei.
In the retina of man and mammals these nuclei are
always present in considerably greater numbers or
layers than those of the inner nuclear layer, but in
the amphibian animals the reverse is the case. They
are smaller than the nuclei of the inner nuclear layer,
and show often a peculiar transversely-ribbed differ-
entiation of their contents (Henle, Kl'au%) The
honeycombed matrix of this layer is in connection
with lateral branchlets of the radial fibres of Miiller,
with which it forms a sort of limiting delicate menm-
brana propria at the outer surface of the layer;
this is

442, (8) The limitans externa.— The nuclei of
the outer nuclear layer nextto this limitans externa are
connected, in the retina of man and mammals, with
the cones, while the nueclei farther inwards from the
limitans externa are connected with the rods. In
both instances the connection is established through
holes in the limitans externa, FEach nucleus of
the outer nuclear layer is, in reality, that of
spindle-shaped cell with a minute amount of proto-
plasm ; this is prolonged outwards, as the outer part
of the rod- or cone-fibre, to become connected with a
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rod or cone respectively, while inwards it passes into
a longer, inore conspicuous fibre, the inner part of the
rod- or cone-fibre (Fig. 272). According to Ramén
y Cajal, the conefibre terminates as a flat dendron
in contact with the tufty arborisation of the outer
process of the cells of the inner nuclear layer—z.e. in
the outer molecular layer ; the rod-fibre on the other
hand terminates in the outer molecular layer as a
small knob (Fig. 272) in the outer dendron of the
same cells

143. (9) The rods and cones.  Each rod is
of cylindrical shape, with rounded or conical outer
extremity ; it consists of an outer and inner member,
joined by linear cement. Its substance is bright and
glistening, and that of the outer member is composed
of the neurokeratin of Kihne and Ewald. 1In the
fresh state the outer member shows a more or less fine
and longitudinal striation, due to longitudinal fine
ridges and furrows (Hensen, Max Schultze). After
certainreagents,such as serun, liquor potasse, the outer
rod-member disintegrates into numerous transverse,
thin, homogeneous-looking dises (Hannover). The
inner member in the human rods is slightly broader
than the outer ; it is pale or finely and longitudinally
striated, and contains in many instances a peculiar
lenticular structure ; in the human and mammalian
retina this is absent, but in its stead is a mass of
longitudinal fibrils (Max Schultze). The inner member
passes through a hole in the limitans externa, and
becoming thinner, represents the outer part of the
rod-fibre.

444. Each cone is composed of an outer, short,
pointed, conical member, and an inner larger member
with convex surface: this is the body of the cone.
The outer member of the cone separates under certain
conditions also into thin transverse dises. The body
of the cone is longitudinally and finely striated. The
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outer extremity of the body of the cones in many

birds, reptiles, and amphibia
contains a spherical corpuscle
of red, orange, yellow, green,
or even blue colouration.

The cones are shorter than
the rods, the pointed end of
the former not reaching much
farther than the junction be-
tween the outer and inner
members of the rods.

In the macula lutea and
fovea centralis of man and
most mammals there are pre-
sent cones only, and towards
the peripheral portion of the
retina they gradually decrease
in numbers ; in the peripheral
part there are only rods.  But
in birds the cones exceed the
rods everywhere.

In the bat and mole the
macula lutea possesses no
cones, and in the owl, rat,
mouse, guinea-pig and rabbit
they are few and small.

445. The outer members
of the rods (only) show in
the fresh and living state a
peculiar diffuse purplish colour
(Leydig, Boll, Kiithne) : this is
the visual purple or Rhodopsin
of Kithne. When exposed to
sunlight it passes through
red, orange, and yellow, and
tinally disappears altogether
—Dbecomes bleached. There is

Fig.
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275.—Vertical Section

through Retina of Frog.

(Atlas.)

Pigmented epithelinm of
retina or tapetum mgroam;
b, cuter members rods,
those of cones hetween them :
¢, inner memhbers of rods and
cones; d, limitans externa;
e, outer nuclei; f, outer mole-
cular la:-'cr;ly. inner nuclei;
h, inner molecular layer; 4,
nuclei of zanglion cells; j
nerve fibres; the pyramidal
extremities of the  radial
fibres are well shown,
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no visual purple in the rods of Rhinolophus hipposi-
deros, fow]l and pigeon ; in those retinz in which the
cones contain coloured globules (se2 above) the sur-
rounding rods are wanting in the visual purple.

The visual purple st: inds in an intimate relation to
the pigmented epithelium of the retina, since a retina
regains its visual purple after bleaching, when replaced
on the pigmented epithelium (Kiihne). This holds
good, of course, only within certain limits.

446, (10) The pizmented epithelinm (Fig.
275), or tapetum nigrum, is composed of polygonal
protoplasmie cells, which, when viewed from the
surface, appear as a mosale, In which they are
separated from one another by a thin layer of cement
substance. Each cell shows an outer non-pigmented
part, containing the slightly flattened oval nucleus,
and an inner part next to the rods and cones,
which is full of pigmented ecrystalline rods
(Frisch). This part 1s prolonged into numerous
tine fibrils, each containing a row of the pig-
mented particles, and these fibrils pass between the
outer members of the rods, to which they closely
adbere, and which in reality become almost entirely
ensheathed in them (M. Schultze). Each cell supplies
a number of rods with these fibrils. Sunlight causes
a protrusion of these fibrils from the cell bmly, whereas
in the dark they are retracted (Kiihne), in a manner
similar to what takes place in pigmented connective-
tissue cells. (See par. 43.) The tint of this pigment
is darker in dark than in light eyes. It is bleached
by the light in the presence of oxygen (Kiihne), but it
persists in the absence of oxygzen (Mays).

447. The maecula latea (Fig. 276) of man and
ape contains a diffuse vellow pigment, between the
elements of the retina (M. Schultze). In man and
most mammals, as mentioned above, there are
hardly any rods here, but cones only; these are
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longer than in other parts, and in the fovea centralis
they are longest, and, at the same time, very thin.
Since there are only cones here, the nuclei of the
outer nuclear layer are limited to a very few layers
(generally about two) next to the membrana limitans

Fig. 276.—From a Vertical Section through the Macula intea and Fovea
centralis. (Diagram by Mox Schultze.)

@, Nerve fibre=; b, ganglion cells; ¢, inner molecular layer; d, inner nuclei;
&, onter molecular laver; f, cone-fibres with their outer nuelei ; g, cones,

externa. For this reason, the rest of the outer nuclear
layer is occnpied by the cone-fibres only, which in the
fovea centralis pass in a slanting, or almost horizontal,
direction sideways into the outer molecular layer. The
ganglion cells form several strata in the macula lutea,
In the fovea centralis are present the cones (very long
and thin), the limitans externa, the few nuclei repre-
senting the outer nuclear layer, a thin continuation of
the inner molecular layer, and the limitans interna.
448. In the embryo, the primary optic vesicle
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becomes invaginated so as to form the Dptm cup,
which consists of two layers—an outer, giving origin
to the pigmented epithelium : and an ilmm, the retina
proper. In this latter the rods and cones, with their
fibres and the nuclei of the outer nuclear layer, are
represented by colummnar epithelial cells (the sensory
epithelinm), while all the other layers—ai.e. the outer
molecular, inner nuclear, inner molecular layer, gan-
olion i'.i‘l]h. nerve fibres, J.n{] limitans interna—are re-
presented by a separate layer: Briicke’s tunica nervea
or Henle's stratum nerveum.

149. The bloed-vessels of the retina. The
branches of the arteria and vena centralis of the optic
nerve can be traced into the retina in the layer of
nerve fibres and ganglion cells, while the capll]arle'a
connecting the arteries with the veins extend as far as
the outer molecular layer,

The Iymphaties of the retina exist as perivas-
cular lymphatics of the retinal veins and capillaries
(His). Lymph channels are present in the nerve fibre
layer.

450, The lamina cribrosa is the part of the
sclerotic and choroid membrane through which the
optic nerve fibres have to pass in order to reach the
papilla nervi optici. In the optic nerve the fibres are
grouped in larger or smaller groups—not bundles in
the sense of those pre-*-,mlt in other nerves and sur-
rounded by perineurium (see Chapter XIV.) : these
groups are surrounded by septa of connective tissue,
and they pass through corresponding holes of the
sclerotic and choroid.

451. The optie merve possesses three sheaths,
composed of fibrous connective tissue: an outer, or
dural : a middle, or arachnoidal ; and an inner, or
pial, sheath —all continuations of the membranes of
the brain. The pial sheath is the perineurium, the
optic nerve being comparable to a compound nerve-
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CHAPTER XLIIL
THE OUTER AND MIDDLE EAR.

453. T'HE meatus auditorius externus 1s lined with
a delicate skin, in structure identical with, but thinner
than, the skin of other parts. The cernminous
glands have been mentioned and described before.
I'lw cartilage of the auricula and its continuation into
the meatus auditorius externus is elastic cartilage.

154. The membrana tympani separating the
outer from the middle ear has for its matrix a firm
stratum of stiff trabeculie of tibrous connective tissue,
with numerous elastic fibrils and elastic membranes.
This 18 the middle and chief stratum of the membrane :
outwards it is covered with a delicate continuation of
the skin of the meatus auditorius externus, and inwards
with a continuation of the delicate mucous membrane
lining the cavuam tympani. In the middle stratum of
the membrana tympani the trabecul@ radiate more or
less from the junction of the manubrium mallei with
the membrane ; but towards the periphery many are
also arranged in a circular direction. The former
belong to the outer, the latter to the inner, portion of
the middle stratum,

The mucous membrane lining the tympanic surface
of the membrane is delicate connective tissue, covered
with a single layer of polyhedral epithelial cells.

The blood-vessels form capillary networks for all
three layers—i.e. a special network for the skin layer,
a second for the middle stratum, and a third one for
the mucous layer ; the lymphatics are also arranged in
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this way. An intercommunicating system of lym-
phatic sinuses and clefts (Kessel) is left between the
trabecule.  The non-medullated nerve fibres form
plexuses for the skin and mucous layer; from these
pass off’ fine fibrils, which form a sub-epithelial net-
work, and from this the fibrils pass into the epithelium.

455. The tuba Eustachii is lined with a
mucous membrane, which is a continuation of that
lining the upper part of the pharynx, and therefore,
like it, 1s covered on 1its inner or free surface with
columnar ciliated epithelinm. As in the pharynx, so
also here, we find a good deal of adenoid tissue in the
mucous membrane.

The cartilage of the tuba Eustachii in the adult
approaches in structure the elastic cartilages of other
parts.

456, The eavam tympani, including the cellule
mastoidez and the surface of the ossicula auditus, 1s
lined with a delicate connective-tissue membrane, Its
free surface is covered with a single layer of poly-
hedral epithelial cells in the following regions: on
the promontory of the inner wall of the cavity, on the
ossicula auditus, on the roof of the cavity, and in the
cellula mastoidew ; in all other parts it is columnar cili-
ated epithelium, like that lining the tuba Eustachii.

457. The three ossicula anditus are osseous
substance covered with periosteum, which is covered
with the delicate mucosa just described. The liga-
ments of the bones are, like other ligaments, made up
of straight and parallel bundles of tibrous connective
tissue. The articulation surface of the head of the
malleus, of the incus, of the extremity of the long
process of the incus, and of the stapes, are covered
with hyaline (articular) cartilage.
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CHAPTER XLIII.
THE INTERNAL EAR

458. Tue osseous labyrinth consists of the vesti-
bule, prolonged on one side into the cochlea, and on
the other into the three semicircular canals, each of
which possesses an ampulla at one extremity. The
vestibule shows two divisions—the fovea hemispherica
next to the cochlea, and the fovea hemi-elliptica next
to the semicircular canals. The cochlea consists of
two and a half turnings twisted round a bony axis—the
modiolus. From this a bony lamina extends towards
the outer wall for each turn, but does not reach it :
this is the lamina spiralis ossea. It extends through
all turns, and it subdivides the cavity of each turn
into an upper passage, or scala vestibuli, and a lower,
or scala tympani. At the top of the cochlea the two
scal@e pass into one another by the helicotrema. The
scala vestibuli opens into the fovea hemispherica,
while the scala tympani at its commencement—.e.
at the proximal end of the first turn—would be in
communication, by the fenestra rotunda, with the
cavum tympani, were it not that this fenestra rotunda
is closed by a membrane—the secondary membrane.

459. The semicircular canals start from, and return
to, the fovea hemi-elliptica of the vestibale,

The fenestra ovalis leads from the cavum tympani
into the vestibule—its hemispheric division ; and this
fenestra ovalis is, in the fresh condition, filled out by
a membrane, in which the basis of the stapes is fixed,
the circumference of this being nearly as great as that
of the fenestra.
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460. The osseous labyrinth in all parts consists of
ordinary osseous substance, with the usual periosteum
lining its outer surface and its inner cavities, These
cavities contain the albuminous fluid called perilymph.
But they are not filled out by this, since, in each of
the two divisions of the vestibule, in each of the
semicircular canals, and in the cochlea, is a mem-
branous structure, analogous in shape to the corre-
sponding division of the labyrinth. These membranons
structures possess a cavity filled with the same albu-
minous fluid as above, called the endolymph. These
structures are disposed thus : in the fovea hemispherica
is a spherical sac, called the saccule; in the fovea
hemi-elliptica is an elliptical sac, the utricle ; in each of
the three semicircular canals 1s a membranous semi-
circular tube, which possesses also an ampulla corre-
sponding to the ampulla of the bony canal.

461, In the cochlea 1s a membranous canal, tri-
angular in cross-section—the scala media or cochlear
duct —which also twists two and a half times from the
basis to the apex of the cochlea, and is placed against
the end of the lamina spiralis ossea so as to occupy a
position between the peripheral part of the scala vesti-
buli and seala tympani.

462. The different divisions of the membranous
labyrinth are connected with one another in this
manner : the three semicircular (membrancus) canals
open into the utricle ; this does not form a direct con-
tinuity with the saccule, but a narrow canal comes off
both from the saccule and utricle; the two canals
join into one minute membranous tube situated in the
aqueductus vestibuli. At its distal end it enlarges
into the saccus enduiymphaﬁicu% situated in a cleft of
the dura mater, covering the posterior surface of the
petrous bone. The saccule is in communication with
the cochlear canal, or scala media, by a short narrow
tube—the canalis reuniens of Reichert.. Thus the
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cavity of the whole membranous labyrinth is in
direct communication throughout all divisions, and it
represents the inner lymphatic space of the labyrinth.
There is no communication between the perilymph
and endolymph, and the cavity of the membranous
labyrinth stands in no direct relation to the cavum
tympani, since the fenestra ovalis and fenestra rotunda
both separate the perilvinphatic space, or the cavity
of the bony labyrinth, from the cavum tympani. The
vibrations of the momibiria tympani, transferred by
the ossicula auditus to the fenestra ovalis, directly
affect, therefore, only the perilvmph. The fluctuations
of t]na pass from the vestibule, on the one side,
towards and into the perilymph of the semicircular
canals ; and on the other side, through the scala
vestibuli, to the top of the L'L:-t:hlfm then by the heli-
cotrema into the scala tympani, and find their conelu-
sion on the membrana secundaria closing the fenestra
rotunda. On their way they affect the membrane of
Reissner, which separates the scala media from the
scala vestibuli, and also the membrana basilaris separ-
ating the scala media from the scala tympani; the
-‘rlhldtlf}ll"'\ of these membranes affect the elltlﬂh'mph
and therefore the nerve-endings (see below).

163, Structure of semicireular canals,
utricle and saccule, membranous semi-
eircular canals are fixed by stiff bands of fibrous
tissue to the inner periosteum of the one (convex)
side of the osseous canal, so that towards tlie concave
side there is left the space for the perilymph. A
similar condition obtains with regard to the saccule
and wutricle, which are fixed by the inner periosteum
to one side of the bony part.

The structure of the wall is the same in the semi-
circular canals, utricle and saccule. The above-men-
tioned fibrous ligaments of the periostenm form an
outer coat ; inside this is a glassy-looking tunice
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propria. At one side (the one away from the bone)

this tunica propria forms numerous papillary projec-

tions. The internal surface of the membrane 1is

covered with a single layerof polyhedral epithelial cells.
464. Each of the branches of the nervus vestibuli

—1.e. one for the sac-

cule, one for the utricle, |

and three for the three

e
ampulle — possesses a e @ gi
ganglionic swelling. The gé é 2

nerve - branch, having QY QTR
1th ol 5 I ai e N, le'{:‘; '|"rl!
passed through the mem R H{P“
branous wall, enters _..,'( gl
= - - il "J { 1A )
special thickenings of L] ‘,} &ljf IFRAR

the tunica propria, on
that part of the mem-
branous wall next to the
bone ; in the saccule and
the utricle the thicken-
ing is called macula
acustica, in the ampulle (i
crista acustica (Fig. 277) ae F = =
. 1g, 277.—From a Transverse Section
'(M: Schultze). This through the Macula acustica of the
thickenine is a larce Utricle of the Labyrinth of Guinea-
: = ; 5%  pig. (dtlas.)
villous or fold-like pro-

a, Medullated nerve fibres, forming plex-

i . A uses; b, nuclei of the memhrane: e,
JEEtIﬂH of E]IE tunica sensory epithelinm {diagmmmaticﬁ thce

propria, into which pass  jpimlesinpe sensors eclic” posess
the nerve fibres of the Eﬁfﬁlgﬂe?mﬂmlml cells beyond the
several branches. These

fibres are all medullated nerve fibres, and, ascending
towards the internal or free surface of that pro-
jection, form a plexus. In this plexus are in-
terspersed numerous nuclei.  From the medullated
fibres pass oftf minute bundles or primitive fibrille,
which enter the epithelium that covers the free
surface of the projection.

465. This epithelium is composed of a layer of
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columnar or conical cells, between which are wedged
in spindle-shaped cells ; both kinds possess an oval
nuclens. Aeccording to Max Schultze and others, each
of the spindle-shaped cells is connected by its inner
process with the nerve fibrille coming from under-
neath : whereas, towards and beyond the free surface,

Fig. 278.—Nerve Terminations in the Epithelium of the Macula acustica.
The nerve fibres form dendrons in the epithelial layer. (Ajfter
Retzius, from Quoin.)

its outer process is prolonged into a long, thin, stiff,
aunditory hair. Max Schultze, therefore, calls the
columnar cells epithelial ; the spindle-shaped ones,
SENSOTY.

Yetzius, on the other hand, maintains that, in the
case of fishes at any rate, the epithelial cells are those
which are connected each with a bundle of nerve
fibrillze, and that each sends out over the internal free
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surface a bundle of fine stift’ hairs—the auditory hairs,
The spindle-shaped cells of Max Schultze, according
to this theory, are only supporting cells. The free
surface of the epithelium is covered with a homo-
geneous cuticle, perforated by holes which correspond
to the epithelial cells and the auditory hairs.

By Golgi’'s method Retzius has, however, obtained
evidence ifl*'lnr 278) which shows that hne nerve
fibres terminate by arborisations or dendrons amongst
the epithelial cells (Fig. 177).

On the internal surface of the macula and crista
acustica are found the ofoliths, rhombic crystals, and
amorphous masses, chiefly of carbonate of lime, em-
bedded in a gelatinous or granular-looking basis.

466. The eochlea (Fig. 279), as has been men-
tioned above, consists also of a bony shell and a
membranous canal, the former surrounding the latter
in the same way as the bony semicircular canal does
the membranous— .. the latter is fixed to the outer
or convex side of the former. The difference between
the cochlea and the semicircular eanals 1s this, that in
the cochlea there is a division of the perilymphatic
space by an osseous projection—the lamina spiralis
ossea-—and by the scala media into two scals, viz. the
(upper) scala vestibuli and the (lower) scala tympani.

467. In the osseous modiolus are numerous
parallel canals for bundles or groups of the fibres of
the cochlear branch of the auditory nerve; these
canals open into the porus internus, in which lies a
large ganglion connected with the nerve.

The nerve bundles are situated in the canals of the
modiolus, and opposite the lamina spiralis ossea are
connected with ganglionic masses—composed of bipolar
ganglion cells—called the ganglion spirale of Corti.
From this ganglionic mass the nerve fibres (all medul-
lated) can be traced into the lamina spiralis ossea, in
which they form rich plexuses extending to its outer

E E



R
&

T ey AR

i

e

Fig. 279.—From a Vertical Seetion throngh the Cochlea of Ear of Guinea-
pig, seen in the long axis of the Modiolus. (Atles.)

i, Scala vestibuli: b, scala tympani; ¢, scala media; d, membrana tectorfa; e,
cellz of Claudins; f, upper outer angle of scala media; g, region of outer
hair cells on membrana basilaris ; k, membrane of Reisener; i, epithelium
lining sulcus gpiralis (internus) ; j, tunnel of Corti’s arch; k, stria vascolaris ;

- 1, ligamentum spirale ; m, erista spirali=; @, nerve fibres in lamina spiralis
ossea; o, ganglion spirale; p, nerve fibres in modiolus ; g, channels in bone
containing blood-veszels; 7, masses of bone in modiolus; s, outer bony
capEnle,
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margin—i.e, as far as the membrana basilaris of the
scala media (see below).

468, From the margin of the lamina spiralis ossea
to the external bony shell extends the membrana basi-
laris (Fig. 279), forming the lower and chief wall of
the scala media, while the upper wall of the canal is
formed by the membrane of Reissner, extending
under an acute angle from near the margin of the
lamina spiralis ossea to the outer bony slmll

On a transverse section through the scala media
we see the following structures :—

469. (1) Its onter wall is placed close against
the periosteum lining the internal surface of the bony
shell ; it consists of lamellar fibrous tissue, with
numerous stiff elastic bands, and is the vestibular
part of a peculiar ligament—the ligamentum spirale
(Kolliker)—semilunar in cross-section, and with its
middle angular projection fixed to the onter end of
the membrana basilaris.

470. (2) Its immer wall is represented by an
exceedingly delicate membrane—the membrane of
Reissner : this is also its upper wall, extending under
an acute angle from the upper outer angle of the scala
media to the lamina spiralis ossea. But here 1t is not
fixed on the osseous substance, but on a peculiar pro-
jection on this latter—the crista spiralis (Fig. 279, m)
—which is a sort of tissue intermediate between fibrous
and osseous tissue, and is added to the wvestibular
surface of the lamina spiralis ossea. This crista spiralis
has on one surface—i.e. that directed towards the
scala media—a deep sulcus, called the suleus spiralis,
or sulecus spiralis internus: so that of the crista
spiralis there are two labia to be distingnished—the
labium vestibulare and the labium tympanicum ; the
former being the upper, the latter the lower, boundary
of the sulcus spiralis (Fig. 279).

471. (3) The lower wall of the scala media
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1s the membrana basilaris, extending in a straight
line between the labium tympanicum of the erista
spiralis and the above-mentioned projection of the
ligamentum spirale. The seala media is lined on its
whole internal surface with epithelium, this only
being derived from the epithelium forming the wall
of the auditory vesicle of the embryo, peculiarly
modified in certain places. The scala tympani and
scala vestibuli are likewise lined with a continuous
layer of flattened cells—an endothelium, which on
the lower or tvmpanic surface of the membrana
basilaris i1s somewhat modified, being composed of
o] .:1]1111&1—19{}11.111“ irregular cells,

472. As IF'“‘H‘EI‘-} the scala media, the epithelium
lining its internal surface is of the followi ing aspect :(—
Starting with the lower outer angle—i.e. where the
membrana basilaris is fixed to the ligamentum spirale
—we find a single layer of polyhedral or short
columnar transparent cells, lining this outer angle—
the cells of Claudius ; aau_—udmg on the ligamentum
spirale, the cells become shorter, more squamous ; as
such theyv are found over a slight projection on the
outer wall—i.e. the ligamentum %puale accessorinm-—
caused by a small blood- vessel, the vas prominens.

473. Then we come to the stria vascularis,
lining nearly the upper two-thirds of the outer
wall of the scala media. It consists of a layer of
columnar and spindle-shaped epithelial cells, between
which extend capillary blood-vessels from the liga
mentum spirale, and in some animals (guinea- plg}
clumps of pigment granules are found between
them.

474. Then we pass from the upper angle of the
scala on to the membrane of Reissner. This consists
of a homogeneous thin membrana propria, covered on
its outer vestibular surface with a layer of flattened
endothelium, and on its inner surface—az.¢. that facing

-:l
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the scala media—with a layer of less flattened, smaller,
polyhedral epithelial cells.

475. We come next to the vestibular labiam of
the crista spiralis, on which are found ecylindrical
horizontal projections anastomosing with one another :
these are the auditory teeth (Huschke). The epi-
thelium of Reissner’s membrane is continued into the
grooves and pits between the auditory teeth as small
pt:rh hedral cells, but over the tecth as large, flattened,
squamous LE‘“:-:, which, passing on, line the sulcus
spiralis and cover also the tympanic labium of the
crista spiralis.  Now we arrive at the membrana
basilaris, on which the epithelium becomes modified
into the argan of’ Corti.

476, The membrana basilaris consists of a
hyaline basement membrane, on which the organ of
Corti i1s fixed ; underneath this is the funica propria,
a continuation of the tissue of the ligamentum spirale,
composed of fine parallel stiff fibrils (Hannover,
Henle) stretched in a very regular and beautiful
manner in the direction from the ligamentum spirale
to the crista spiralis (Nuel). On the tympanic side
there 1s also a hyaline basement membrane, The
endothelial cells covering this on the tympanic surface
have been mentioned above.

477. The organ of Corti (Fig. 280),—Passing
outwards from the epithelium lining the suleus spiralis,
we meet with small polyhedral epithelial cells in the
region of the termination of the lamina spiralis ossea,
next which are columnar-looking cells—the inner
supporting cells ; next to these is the inner hair-cell —
a columnar, or conical, epithelial cell, with a bundle
of stiff hmrs. or rods, extending bf:}c-ncl the surface.
The inner hair-cells form a 5111crle file along the whole
extent of the two and a half turns of the seala media.

478. Next to the inner hair-cell is the inner rod, or
inner pillar, of Corti, and next to this the owuter rod,
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or outer pillar, of Corti. Each forms a single file for
the whole extent of the two and a half turns of the
scala media. The two rods are inclined towards one
another, and in contact with their upper extremity,

Fig. 280,—Organ of Corti of the Cochlea of Guinea-pig. (Atlas.)

a, Outer rod or pillar of Corti: &, inner rod or pillar of Corti; ¢, tnnnel of
arch of Cortl; d, outer hair-cell=; £ inner hair-cell ; f, outer supporting cells
containing fat globules; g, inner supporting cells; &, cells of Claundins;
i, epithelial cells lining the sulcus spiralis internus; j, nerve fibres; &, pars
of crista spiralis.

or head ; whereas the opposite extremity, the foot,
rests under an acute angle on the membrana basilaris,
on which it is firmly fixed. The rest of the rod is a
slender, more or less cylindrical, piece—the body. The
outer rod is larger and longer than the inner, the
latter being slightly bent in the middle. Owing to
the position of the rods, the two files form an arch—
the airch of Corti. Between it and the corresponding
part of the basilar membrane is a space—the tunnel
of the arch, triangular in cross-section.

479. The substance of the rods, or pillars, of Corti
is bright, highly refractive, and slightly and longitu-
dinally striated.

The head of the inner rod is triangular, a short
process extending inwards towards the inner hair-cell,
a long process extending outwards over the head
of the outer pillar. Outwards, the triangular head
possesses a concave surface grasping the convex
surface of the head of the outer rod. This latter

L
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possesses a process directed outwards, which is firmly
applied to the outer process of the head of the inner
rod, the two together forming part of the membrana
reticularis (see below).

The relation in size between the outer and inner
rods is such that the head of one outer rod fits into
those of about two inner rods.

480. At the foot, each rod has, on the side
directed towards the tunnel, a granular, nucleated
mass of protoplasm, probably the remnant of the
epithelial cell from which the lower half of the rod is
derived ; the upper part sometimes has a similar
nucleated remnant, proving that this also has been
formed by an {1}1t]1f-hl,l cell, so that each rod is in
reality derived from two epithelial cells (Waldeyer).

481. Next follow three or four rows of cuter hair-
cells, similar in size and structure to the inner hair-
cells, Each of the outer hair-cells seen in a section
belongs to a file of hair-cells, extending on the mem-
brana basilaris along the Wh[_‘.r]ﬂ extent—z.e. two and
a half turns — of the scala media. Each hair-cell
possesses an oval nucleus and a number of stift
rods, or hairs, disposed in the shape of a horseshoe in
the outer part of the free surtace of the cell.

Four, and even five, rows or files of hair-cells
(Waldeyer), arranged in an alternating manner, are
found in man.

The outer hair-cells are also called the cells of
Corti ; they are conical, and more or less firmly con-
nected w1tll a nucleated spindle-shaped cell—the cell
of Deiters. The two cells are more or less fused to-
gether in their middle part (Nuel). The cell of Corti
is fixed by a branched process to the membrana
basilaris, while the cell of Deiters sends a process
towards the surface, where it joins the membrana
reticularis (see below).

482. Farther outwards from the last row of outer
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hair-cells are columnar epithelial cells, called the outer
supporting cells of Hensen ; they form the transition

(After Retzius, from
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to the epithelium lining the outer angle of the scala
media—i.e. to the cells of Claudius.

In the guinea-pig, the outer supporting cells
include fat globules.

423, The medullated nerve fibres, which we
traced in a former page to the margin of the lamina
spiralis ossea, form rich plexuses in this, and pass
through holes in 1it, in order to reach the organ of
Corti on the membrana basilaris. Looking from the
surface on this part, we notice a row of holes-—the
habenuwla perforata of Kolliker —a little to the inside
of the region of the inner hair-cells. Numerous
primitive fibrille pass there among small nucleated
cells situated underneath the inner hair-cells : these
are the granular cells. Some of these nerve fibrille
—the inner bundle of spiral nerve fibres—become
connected with the inner hair-cells ; while others—
the three outer bundles of spiral fibrils (Waldeyer)—
pass, between the inner rods of Corti, right through
the tunnel; and, further, penetrating between the
outer rods of Corti, they reach the outer hair-cells,
with which they become connected (Gottstein, Wai-
deyer). (Fig. 281.)

484. In connection with the outer process of the
head of the inner and outer rods of Corti, mentioned
above, 1s an elastic hyaline membrane—the lamina
or membrana reticularis. It extends outwards over
the organ of Corti to the supporting cells of Hensen,
and possesses holes for the tops of the outer hair-cells
and their hairs. The parts of this membrane between
the heads of the rods of Corti and between the outer
hair-cells appear of the shape of narrow phalanges—
phalanges of Deiters. A cuticular membrane extends
from the head of the inner rods of Corti inwards to
the inner supporting cells: it possesses holes for the
tops of the inner hair-cells.

485, From the vestibular labium of the crista
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spiralis to the outer hair-cells of the organ of Corti
extends a peculiar fibrillated membrane —the mem-
brana tectoria, By means of it the sulcus spiralis
mternus 1s ]uur]n‘ml over, and so converted Into a
canal.

486. As we ascend towards the top of the cochlea,
all parts in the scala media decrease gradually in size,
The organ of Corti, being of an epithelial nature,
possesses no  blood-v essels. From the anatomical
relations of the organ of Corti, it appears most
probable that the pillars, or rods, of Corti act as the
supporting tissue, or framework, around which the
other elements are grouped: and it seems likely that
the hair-cells, with their rod-like hairs projecting
freely into the endolympl, are the real sound-per-
ceiving elements of the organ of Corti.  Their connec-
tion with the terminal fibrillze of the nerves pmutw in
the same direction,

As indicated on p. 460, all structures of the scala
media, described in the foregoing pages, form an
uninterrupted succession through all the turns of
the cochlea.
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CHAPTER XLIV.

THE NASAL MUCOUS MEMERANE.

487. Tue lower part of the nasal cavity is lined
with a mucous membrane which has no relation to
the olfactory nerve, and therefore is not connected
with the organ of smell. It is covered with a strati-
fied, columnar, ciliated epithelium of exactly the same
nature as that of the respiratory passages—e.g. the
larynx and trachea. Large numbers of mucus-secret-
ing goblet cells are met with in it. Below the epi-
thelium is a thick hyaline basement membrane, and
underneath this 1s a mucosa of tibrous tissue, with
numerous lymph corpuscles in it. In many places
this infiltration with lymph corpuscles amounts to
diffuse adenoid tissue or to perfect lymph follicles.

488. The mucosa contains in its most superficial
layer the network of capillaries, but in the rest it
includes a rich and conspicuous plexus of wvenous
vessels.

In the deeper parts of the mucous membrane—
2.e. in the submucosa—are embedded smaller and
larger glands, the ducts of which pass through the
mucosa and open on the free surface. Some of the
glands are mucous ; others are serous. In some cases
(e.g. guinea-pig) almost all glands are serous, and of
exactly the same nature as those of the back of the
tongue. In some places the mucous membrane is
much thicker than in others, and then it contains
larger glands, and between them bundles of non-striped
muscular tissue,
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489, In the upper or olfactory region (Fig. 282)
of the nasal cavity the mucous membrane is of a
different tint, being more of a brownish colour; it

Fig. 232, —From a Section through the Olfactory Region of Guinea-pig.
{Atlas.)
@, Thick olfactory epithelium; b, thin olfactory epithelinom; ¢, ciliated non-

olfactory epithelium; d, bone. The transverse sections of the olfactory
nerve bundles and the tubular glands of Bowman are well seen,

contains the ramifications of the olfactory nerve, and
is the seat of the organ of smell.
490. The free surface is covered with a columnar
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epithelium, composed of the followirg kinds of cells
(Fig. 283) —

(@) A superficial layer of long columnar, or rather
conical, epithelial cells, each with an oval nucleus. In

Fig. 283.—From a Vertical Section through the Olfactory Muacous Mem-
brane of Guinea-pig. (Atlas.)

i, Epithelial cells: b, gensory or olfactory cells: e, deep epithelial ecells: 4,

bundles of olfactory nerve fibres; ¢, the alveoli of serous (Bowman's)
glands,

some places the free surface of these cells is covered
with a bundle of cilia, similar to the superticial cells
of the respiratory part of the nasal cavity ; in most
places, however, the cilia are absent; the former
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condition obtains in those places which are in close
proximity to the respiratory region.

(b) Between the epithelial cells extend spindle-
shaped cells, each with a spherical, or very slightly

Fig. 284.—From a Vertical Section through Olfactory Membrane of Guinea-
pig. (Photo, Moderate magnification. )

a, Olfactory epithelium ; b, mucous membrane with blood-vessel and glands ; e
olfactory nerve fibres cut longitudinally.

oval, nucleus—the sensory cells (Max Schultze).
Each cell sends one broad process towards the free
surface, over which it projects in the shape of a small
bundle of shorter or longer rods; whereas a fine
varicose filament passes from the cell body towards
the mucosa, and, as shown first by M. Schultze, be-
comes connected with a fibrilla of the plexus of the
olfactory nerve fibres.
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(¢) In some places there is a deep layer of epithe-
lial cells, each with a spherical nucleus of an inverted
conical shape, their pointed extremity passing be-
tween the other cells just mentioned and their broad
basis resting on the basement membrane (Fig. 283).

Fig. 285.—Transverse Section through the Lower Part of the Nasal S8eptum,
showing the (bilateral) Organ of Jacobson in cross section. (Photo.
Low poier.)

1, Cartilage extending above and partially around the organ: 2, cavity of

the tubular organ, showing on its mesial wall olfactory epithelium, on its
lateral wall columnar epithelium ; 3, cavernous tissue in the Iateral wall.

Von Brunn has shown that there is on the free
surface of the epithelium a sort of cuticle—a
delicate limitans externa.

491. The mucous membrane is of loose texture,
and contains a rich plexus of bundles of olfactory
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nerve fibres, extending chiefly in a direction parallel
to the surface {E“irr 284).  Each nerve fibre i1s non-
medullated —i.e. is an axis cylinder composed of minute
or primitive fibr |]i.1-. and invested in a neurilemma with
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Fig. 286.—8ection through the Front Part of Nasal Septum of Rabbit,
showing the bilateral organ of Jaecobson in transverse section, The
tube of the organ of Jacobson is lined on its mesial wall with olfactory
epithelinm. (Photo. Low power.)

g, Glands extending from the upper part of T]:r -ﬂnnn to the junction of the
meeial and lateral wall of t e organ of Jacobzon ; ¢, cartilage extending as a
nearly complete capsule aronnd each organ uf Iac rlh:-'u[:. The lateral wall of
the ergan contains cavernous tissue.

the nuclei of the nerve corpuscles. Near the surface
the fibres of the plexus are thin, and they split up
into the constituent fibrils which are directly con-
tinuous with the fine varicose processes of the sensory
cells above named (Fig. 178),

492, The blood-vessels supply with capillary net-
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works the superficial part of the mucous membrane
and the numerous glands. These are the glands of
Bowman, extending through the thickness of the
mucous membrane. They are tubes, slightly branched,

Fig. 257, —From the same Section through l-]:llr._Ut-g_;uu of Jacobson as in the
preceding figure, more magnified. (Photo, )

¢, Cartilage of mesia L wall ; ¢f. cavernouns tizsne of lateral wall.
ig lined with thick olfactory epithelinm,

The mesial wall
and gradually enlarging towards their distal end ; in
some parts they are more or less straight. In struc-
ture they are identical with serous glands, possessing
a minute lumen, and being lined with a layer of
columnar albuminous cells.  The duct is a very fine
canal ; it is that part of the gland which is situated
in the epithelium of the free surface; it passes ver-
tically through this, and consists of a fine limiting
F F
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membrane, the continuation of the membrana propria
of the gland tube, and a layer of very flattened epi-
thelial cells,

493. There 1s a definite relation between the
size and number of the bundles of the olfactory nerve
fibres, the thickness of the olfactory epithelium, and
the length of the ¢land tubes. The size and number
of the bundles of the nerve fibres are determined
by the thickness of the epithelimn -i.e. by the
number of the sensory cells; the number and thick-
ness of the olfactory nerv e bundles determine the
thickness of the mucous membrane, and the thicker
this is, the longer are the glands of Bowman.

l‘H. The orgam ﬂ[ Jacobson (Figs. 285
286, 287) is a minute tubular organ present in
all mammals, and, as has been shown by Dursy
and Kolliker, also in man. In mammals it is a
bilateral tube, compressed from side to side, and
situated in the anterior lower part of the nasal
septum.  Each tube is supported by a hyaline
cartilage, in the shape of a more or less plough-
shaped ecapsule—the ecartilage of Jacobson — and
opens in front directly mto the nasal furrow (guinea-
pig, rabbit, rat, etc.); or it leads into the ecanal
of Stenson {d-:uf! which passes through the canalis
n.mt}—p.llat.llnh, dl]ll opens 1111111(1[11-:&-&1}' behind the
incisor teeth on the palate. In all instances, how-
ever, it terminates posteriorly with a blind extremity.

495. The cavity of the tube is lined with stratified
columnar epithelium, which on the lateral wall is
ciliated in the guinea-pig and dog, and non-ciliated in
the rabbit. The median wall—ie. the one next to
v epithelium
identical with that of the olfactory region of the nasal
cavity. Branches of olfactory nerve fibres also pass
into the median wall, and behave in exactly the same
manner as in the olfactory region. Numerous serous







484

CHAPTER XLV.
THE DUCTLESS GLANDS.

196. 1. The hypophysis cerebri.—The upper
or smaller lobe belongs to the central nervous system.
The lower or larger lobe is surrounded by a fibrous
capsule, which sends numerous minute EP]Jta into the
interior. These split up into numerous trabeculs of
fibrous tissue, which, by dividing and reuniting, form
a dense plexus, with smaller and larger, spherical or ob-
long, or even cylindrical spaces—the alveoli. In these
lie .aphern;al or oblong masses of epithelial cells. These
epithelial cells are Lolum]ml, pyramidal, or polyhedral,
each with an oval or spherical nucleus. Between the
epithelial cells of the same group are found here and
there small branched or spindle-shaped cells, with a
small flattened nucleus. In some of the groups or
alveoli of epithelial cells is a cavity, a sort of lumen,
filled with a homogeneous gelatinous substance.

The interalveolar connective tissue contains a
network of capillaries. Between the alveoli and the
interalveolar tissue there are lvmph sinuses, like those
around the alveoli of other glands—e¢. 4. the salivary
glands.

407. 1I. The thyroid gland (Fig 288).—The
framework of this gland is in many respects similar
to that of other rrlanrlf; there henw an outer fibrous
capsule, thicker and thinner septa, and finally the fine
trabecule forming the septa between the gland alveoli.
These are closed vesicles of a spherical or oval shape,
and of various sizes. Kach vesicle is lined with a
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single layer of polyhedral or ecolumnar epithelial cells,
each with a spherical or oval nucleus. There is a
cavity, which differs in size according to the size of
the vesicle. It contains, and is more or less filled
with, a homogeneous, viscid, albuminous fluid—the
so-called colloid.  In this often occur degenerating
nucleated lymph corpuscles
and coloured blood corpuscles
( Baber).

498. The vesicles are
surrounded by networks of
blood ecapillaries.  In the
connective-tissue framework
lie networks of lymphatics ;
between the framework and
the surface of the vesicles are
lymph sinuses lined with
endothelium {:”}l] "-"]‘:L The Fig.288. —From a Section through
large and small lymphatics  the Thyroid Gland of Dog.

b : B ~ i, Epithelinm lining the vesicles:
are often filled with the ° F.l,l_‘.u-]lnid-.’:m'ltﬁnr!ufﬂmﬂ*:e'ji:]tf::-';

same colloid material as the  §iymphaticfiled wich the same

VESiElE}S, and 1t 1s pl‘{}ljiﬂﬂt_‘. Ei-]:::ﬁ:l;::;iamw between the gland
that this colloid material is

produced in the vesicles and carried away by the
lymphatics, to be finally discharged into the circu-
lating blood.

499. TIts formation in the vesicles is probably due
to an active secretion by the epithehal cells of the
vesicles, and to a mixture with it, or maceration by
it, of the effused blood mentioned above, In some
instances Baber found the amount of blood effused
into the cavity of the vesicles very considerable, and
hence it is justifiable to assume that the destruction of
red blood corpuscles forms one of the functions of the
thyroid gland.

500. II1. The supra-renal bodies (Fig, 280).
—The supra-renal body is enveloped in a fibrous cap-
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sule ; in connection with this are septa and trabeculz

Fir. 280,— From a Vertical Section through
the Supra-renal Body of Man, (Eberth, in
Striclker’s Manual,)

1. Cortical enhetance : 2, medollary part ; o, onter
capsule ; i, zona _L:'I::l'lll:l'llin_i.'l : ¢, Zona fascicn-
lata : . zona retienlarvis; e, medulla: f, large
vein.

passing  inwards,
and they are ar-
ranged differently
in the cortex and
in  the medulla
of the gland, as
will be seen pre-
sently.

The cortex of
the gland consists
of an outer, middle.
and inner zone, all
three being di-
rnr:tl}-' continnous
with one another.
The outer one is
the zona glomeru-
losa ; 1t contains
numerous sphe-
rical, or, more com-
monly, elongated,
masses of epithelial
cells The cells
are polyhedral or
cylindrical, each
with a spherical or
oval nucleus. In
some animals—as
the dog, horse—
the cells are thin
and columnar, and
arranged in a
fransverse manner.
Oceasionally a sort
of lumen can be

discerned in some of these cell masses.
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501. Next follows the middle zone, or zona
Sfasciculata,  This is the most conspicuous and
broadest part of the whole gland. It consists of
vertical columns of pn]y'rmul epithelial cells, each
with a spherical nucleus. The cell substance 1s trans-
parent, and often contains an oil globule. The columns
anastomose with their neighbours. Between the
columns are fine septa of connective tissue carrying
blood capillaries.

Between the cell columns and the connective septa
are seen here and there lymph spaces, into which lead
fine channels, grooved out between some of the cells of
the columns,

502, Next follows the inner zone, or zona reticu-
laris, composed of smaller or larger groups of poly-
hedral cells, with more or less rounded edges.  These
cell groups anastomose with one another.  The indi-
vidual cells are slightly larger, and their substance is
less transparent than those of the zona fasciculata. In
the human subject they are slightly pigmented.

503. In the medulla we find cylindrical streaks
of very transparent cells ; the streaks are separated by
vascular connective tissue.  The cells are polyhedral,
columnar, or branched. These cell streaks anasto-
mose with one another and are directly continuous
with the cell groups of the zona reticularis of the
cortex,

504. The cortex is richly supplied with dense
networks of capillary blood-vessels ; their meshes are
polyhedral in the outer and inner zone, elongated 1n
the middle zone, or zona fasciculata. In the medulla
numerous plexuses of veins are met with. In the
centre of the supra-renal body lie the large efferent
vencus trunks. In the capsule (Kolliker, Arnold),
and in the connective tissue around the central veins,
are plexuses of lymphatic tubes with valves.  The
nerves are very numerous and composed of non-
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medullated fibres ; in the medulla they form rich
plexuses.  In connection with these and with those of
the outer capsule are small ganglia (Holm, Eberth).

505, IV, The glandula coceygea and
inter-carotica.  The first of these is a minute
corpuscle situated in front of the apex of the os
coceygls, and was discovered by Luschka. The
clandula  carotica of Luschka (ganglion inter-caro-
ticum) is of exactly the same structure as the
glandula coceygea.

506, Its framework is of about the same nature
as that of other glands—a fibrous capsule and inner
fibrous septa and ‘trabecule. The septa and trabeculse
contain in some places bundles of non striped muscular
tissue (Sertol).

507. The spaces of the framework are occupied by
the parenchyma. This consists of spherical or eylin-
drical masses of cells connected into networks. The
individual cells are polyhedral epithelial cells, each
with a spherical nuclens.  According to Luschka, in
the newly-born child they are ciliated. In the centre
of each of the cell masses lies a capillary blood-vessel,
much convoluted and wavy.

Numerous non-medullated nerve fibres forming a
plexus are situated in the framework of the gland.
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— of blood, 20, 23

—— of bone, 71

—— of connective tissue, 48
—— of Grandry, 160

of Herbst, 158

—— of lymph, 123

—— of Meissner, 158
— of musecle, 94

— of nerve, 145

—— of Pacini, 155, 423
—— of Vater, 155

——, Tactile, 158, 423
Corti's arch, 470

— cells, 471

—— ganglion, 465

— organ, 169

— rods, 469

Cortieal layer of ovary, 3587
—— lymph-sinus, 136
Costal cartilages, 63
—— pleura, 122
Cowper's glands, 383
Cremaster internus, 381
Crenate blood corpuseles, 21
Crescents of Gianuzzi, 204
Crieoid ecartilage, 330
Crista acustiea, 338

—— spiralis, 342, 347
Crus cerebri, 229

—— ——, Crusta of, 233
Crusta petrosa, 463
Crypts, 129

—— of Lieberkiihn, 318
Cuticle of Nasmyth, 284
Cutis anserina, 420

—— vera, 404

Cystie duet, 88
Cytogenous tissne, 126
Cytoplasm, 7

Deiters’ cells, 236, 471
—— phalanges, 473
Demilunes of Heidenhain, 204
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Dendrite, 197 : '
Dendron, 151 '
Dentinal canals,
—— fibres, 277
—— sheaths, 277
—— tubes, 85
Dentine, 85 |
Diescemet’s membrane, 61, 430
Diapedesis, 113

Diaphragm, 44, 122

Diaster stage in nucleus, 16 |
Diffuse adenoid tissue, 127
Dilatator pupilla:, 437
Direct division, 12 |
“* Dise tactil,” 161

Discus proligerus, 390

Disdiaclasts, 104

Dispireme, 16

Distal convoluted tubes, 365
Division, Remak's mode of, 12
Doyére’s nerve-mount, 163

Duetless glands, 484

Duets of pancreatie gland, 330

—— of salivary gland, 201

Duetus ejaculatorii, 3581

Dura mater, 170

Dural sheath, 457

Ear, External, 458

——, Internal, 460

Ectoplasm, 8 .

Ecsinophile eells, 27 i

Efferent lymphaties, 138

—— medullated nerve-fibres, 188

—— veins, 36

Elastic fenestrated membrane of
Henle, 61

Elastin, 60

Electric nerve, 148 |

Eleidin, 33

Elementary fibrille, 145
fibrils, 47

—— organisms, 5
Enamel, 2"3

End-bulbs l:-f Krause, 159

Endocardinm, 105

Endc:-chnmiml formatio
T

Endolymph, 461

Endolymphangial nodules, 128

Endomysium, 91

of bone,

ErLEMENTS OF

Endoneurinm, 142
Endoplasm, 8

Hisrorocy.

Endothelial cells, structure, 40

— membrane, 40

Endothelinm, 40

Endotheloid cell-plates, 126

Energid, 6

Enweltnaml s
95

Ependyma, 211

Epidermis, 33, 404

Epididymis, 379

Epiglottis, 67, 339

Epineurium, 141

Epithelial cells, 30

— ——, Division of, 38

—— —— Regeneration of, 38

Epithelinm, 30

Ergastic structures, 6

Erythroblasts, 28

Eustachian tube, 459

External arcuate fibres, 213

Eyeball, 426

—— -lashes, 424

— -lids, 424

intermediate dise,

Fasci®, 48, 49

Fascia dentata, 249

Fasecicles, 91

Fascienlus cuneatus, 178

of Goll, 179

—— of Lissauer, 179

—— pyramidal, 177

Fat cells, 55 ,
and starvation, 58 |
Fenestra ovalis, 460 |
— rotunda, 460

Fenestrated membrane, 45, 48
—— —— of Henle, 61
Fertilisation of ovam, 2

Fibrse arcnatae, 213

Fibres, Connective tissue, 46
——, Elastie tissue, 60

—— of musele, 86, 01

—— of nerves, 140

—— of Purkinje, 106
Fibrille of connective tissue, 47
—— of musecle, 92

—— of nerve, 145
Fibro-cartilage, 66

Fibrous tissue development, 59
Fillet, 225

Fissura orbitalis, 88

Fissure of Rolando, 243
Fissures of s mal cord, 175

—— of med

Feetal tooth papﬂla 280
Follicles, Hair, 409

_, Ideberknhn 8, 318
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Heart and blond-vessels, 105

Helicotrema, 469

Henle, Fenestrated membranes of,
61, 108

——, Fibres of, 62

——, Sheath of, 142

——, Stratum nerveam of, 456

——, Tules of, 364}

Hensen's eells, 472

—— median dise, 98

Hepatic ecells, 335

—— duct, 336

-—— lobules, 333

veins, 335

Herbst, Corpuscles of, 158

Hilum of lymph glands, 134

—— of salivary glands, 291

—— of spleen, 352

Hippocampus, 249

Homogeneous elastic membranes,
(|

Howship’'s lacuna, 85

Huxley's layer, 414

Hyaline cartilage, 63

—— leucocyte, 26

Hyaloid membrane, 443

Hyaloplasm, 7

Hypophysis, 484

Ileum, 321

Ineremental lines of Salter, 278

Ineuns, 459

Indireet division, 13

Infundibula, =8

—— of bronchiole, 345

—— of gland, 209

Inner molecular layer, 449

— nuelear layer, 449

Interarticular cartilages, 66

Interfaseicular spaces, 49

Interglobular spaces of Czermak,
278

Interlobar ducts, 201

Interlobular bile-duets, 336

—— econnective tissue of liver, 333

—— duects, 291

Intermediate cartilage, 66

— dise, 86

— plexus, 162

— xone, 315

Intermembranous
hone, 83

Intermuscnlar fibrils, 163

Internal arcuate fibres, 213

—— capsnle of brain, 233

Intervertebral dises, 66

Intestine, Large, 817

formation of

EremeEnNnTs oF HisTorocy.

Intestine, Small, 317

Intimma of arteries, 108
Intralobular bile-capillaries, 336
—— veins, 335

Intranuelear network, 11

Iris, 436

——, Blood-vessels of, 438

——, Lymph-clefts of, 438

——, Lymph-sinuses of, 438
——, Nerve-fibres of, 438

Jacobson's organ, 452

Karyokinesis, 13

Karyomitosis, 13

Karyoplasm, 11

Keratin, 33

Kidney, 356

» Afferent arterioles of, 368

blood-vessels, 367

—— glomerunlus, 360
~ lymphaties, 370

—— parenchyma, 357

— vessels, S67

Killiker's muscle buds, 102, 166

—— musele spindle, 102

—— osteoclasts, 85

—— tract cells, 197 ;

Kiihne's nerve-ending in musele,
114

—— thaldia, 92

—— rhodopsin, 453

—— sarcoglia, 100

|
|

Labia pudendi majora, 420
Labinm tympanicuimn, 467
—— vestibulare, 467
Labyrinth, Osseous, 460
Lachrymal glands, 427
Lacuns Morgagni, 383
—— of bone, 70

—— of cartilage, 63

—— of lymphaties, 51
Lamell® of bone, 70

— of cornea, 429

— of lens, 442

Lamina eribrosa, 456

—— elastica of cornea, 429
— fusca, 434

—— reticularis, 473

—— spiralis ossea, 460
—— vitrea, 438
Langerhans’ granular layer, 34




INDEX. 495

Larynx, 330 -~
Lateral fillet, 228
—— horn, 174
—— nuclens, 211
— tract, 175
Lemmiscus, 214
Lens, 442
—— fibres, 442
stars, 443
Lenticular glands, 130
Leuneemia, 20
Lencocyte, 23
Leneocytosis, 20
Lencopenia, 20
Ligamentum denticulatum, 171
— latum, 286
—— pectinatum, 434
—— pulmonis, 347
~ —— spirale, 467
—— suspensory of lens, 443
Limitans, externa, 451
—— interna, 447
Lines of Salter, 278
—— of Behreger, 279
Ligunor follieuli, 390
—— sanguinis, 19
Littré’s glands, 333
Liver, 333
——, Vessels of, 335
Lobes of pancreas, 330
—— of salivary gland, 200
—— of thymus gland, 131
— of lung, 346
Lobules of liver, 333
—— of lung, 346
—— of salivary glands, 290
—— of thymus gland, 131
Loens ecerulens, 228
Lung, 346
—— blood-vessels, 340
—— lymphaties, 349
Lymph, 123
Lymphatic eapillaries, 119
—— clefts, 119
—— glands, 126, 134
—— rootlets, 119
— sinuses, 120
— tissue, 62, 126
—— vessels, 117
Lymphatics, 117
—— In mueosa, 302
Lymph-canal system in cornea, 51
—— -canalicular system, 119
—— cavities, 120
—— corpuscles, 123
—— follicles, 126
L_ hﬁ“ts't't 123
ymphoecyte, 25, 58, 123
Lymphoid cells, 25

Macula acustica, 463

—— lutea, 454

Malleus, 459

Malpighian ecorpuseles of kidney,
359

— of spleen, 353

—— pyramids of kidney, 357

—— stratum of skin, 33

Mammary gland, 401

Manubriam mallei, 459

Marchi's method, 182

Marrow of bone, 68

Matrix of osseons substance, 70

Meatus aunditorius externus, 438

Meckel's ganglion, 253

Media of arteries, 108

Median fillet, 22§

—— lateral fissure, 176

Mediastinum testis, 372

Medulla oblongata, 202

—— of gland, 134

Medullary eylinders, 135

—— lymph-sinus, 136

— ray, 359

—— sheath of nerve-fibres, 145

Mednllated nerve-fibres, 143

Meibomian glands, 424

Meissner's corpuscles, 158, 423

— plexus, 261, 266, 326

Membrana basilaris, 469

—— chorio eapillaris, 441

—— Descemeti, 430

— granulosa, 388

—— hyaloidea, 443

— reticularis, 473

-—— secundaria, 460

—— supra-choroidea, 434

—— tectoria, 474

—— tympani, 458

Membrane of Krause, 96

Mesencephalon, 229

Mesentery, 122

Mesogastrium, 45

Metakinesis, 15

Microeytes, 20

Microsomes, 9

Migratory cells, 44

Milk, 403

—— globules, 402

—— tooth, 283

Mitoma, 11

Mitral cells, 251

Modiolus, 4635

Monaster, 15

Motor ganglion cells, 197

Moss fibres, 243

Movement of eilia, 35

Mucin, 37

Mucosa, 300
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Mucosa, Lymph follicles of, 128
Muzons cells, 293
—— glands, "‘m 208
-— nwmlnanp 300
Mueo-salivary g I.mnh 288
Muens, ]’:nrm'lt.mn ::f 36
Miiller’ s fibres, 447
muscle, 43.
Musele ]Jl'III[“l"; 87, 9
—— buds, 102
cells, 86
1-..'1111nm, 02
corpuseles, 94
libres, 86, 90
librillze, 92
sheath, 87
spindle, 102
t.E'-u'-_-IIL, sStriped, 50

—. Non-striped, 86
Muse ||'Iar cnmpw.lhm,nh 08
Museularis externa, 308
mucose, 308
Museculns ::1Imrh Riolani, 424
Myeloplax, 7, 85
"rl*,t,lﬂpl.nf,s of Robin, 85

Nail, 420

colls, 420

groova 420

- ‘?lllmfmlcl, 420

Nasal mucous memn ane,

— septum, 63

Nerve bundles, 141

— curpusulﬁs, 145

end plate, 16o

— endings, 155

fibres, 140

— plexus, 143, 150

unit, 268

Network of fibrille, 153, 167

Neurilemma, 145

Neuroglia, 154

—_— quis, 184

—— fibrils, 183

—— of Virchow, 182

—— tissue, 62

Neuraxon, 144

Neuron, 268

Neurokeratin, 146

Neutrophile c.ells, 27

Nipple, 401

Non-meduallated nerve- fibres, 148

Nuelear layer in
torius, 251

—— membrane, 11

—— substance, 11

—— ZOne, 442

475

—
—

——

bulbus ol fae-
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Nueleoli, 11

‘um]enpla-;m 11

Nuclens, Structure of, 11
Nurclens ambiguns, 215

-— areiformis, 213

—— cuneatus, 206

—=— gracilis, 206

Nuelei, Inner, of retina, 449
— f)ntpr nfretnm 451
Nymphz, 300

Odontoblasts, 277, 250
(Esophagus, 307

Olfactory bulb, 250

—— cells, 478

—— glomeruli, 251

—— nerves, 148 480
Olivary bodies, 206, 207
—— nueleus, 207
Omentum of eat, 44

—— of frog, 122

—— of guinea-pig, 45
—— of rat, 45

Structure of, 48
Optie chiasma, 270

lobes, 231

—— nerve, 456

—— nerve-fibres, 447

— tract, 270

—— vesicle, 455

Ora serrata, 447

Orgzan of Corti, 469

— of Giraldé, 380

of Jacnhsml 482
D‘l'ﬂ‘l" T0

Osseons Ial}yrmth of ear, 460
—— lamell:e,

_— suhstaucl‘ from ﬂ‘it-l.‘.l)'ﬂ]ﬂ"ltﬂ 85
Ossicula auditus, 459
Ossifying rcartﬂage i
Osteoblasts forming bone, 54
Osteoclasts, 85

( :rsteugenvtu, layer, 68
Otoliths, 339

Oval nue ]eu'-; 41

Ovary, 386

—, Development of, 392

B
¥

——, Nerves of, 282
Oviduct, 394
Ovum, 1, 388
Oxyntic cells, 512
Oxyphile El‘:ﬂﬁ, 27

Pacinian corpuseles, 155
Palate, 208




Palms plicatae, 395

Palpebrie, 424

Pancreas, 330

Papilla ecircumvallata, 305

—— liliformis, 302

—— foliata, 305

—— fungiformis, 302

—— nervi optici, 446

Papillary hair of Unna, 410

—— muscle, 106

Paraglobulin, 22

Paranuelei, 18

Paraplasm, 51

Parenchyma of kidney, 357

Parenchymatous cartilage, 66

Parietal cells, 312

Pars ciliaris retins, 439

—— membranacea, 383

——- prostatica, 383

Pedunculated hydatid
gagni, 350

Pedunculus cerebelli, 238

Penis, 354

COTPOTa cavernosa, 584

—— nerve-endings, 160

Peptic glands, 312

Peribronchial lymphaties, 349

Pericardial eavity, 121

Pericellular space, 201

Perichondrium, 63

Perilymph, 461

Perilymphangial nodules, 128

Perimysinm, 91

Perineurium, 141

Periosteal bone, 75

— formation, 54

—— proeesses of Virchow, 75

Periosteum, 68

Peripheral nerve-endings, 155

Peritoneal cavity, 121

Peritonenm, 41

Perivascular lymphaties, 119

—— lyvmph spaces, 201

Peyer’s glands, 521

~— — patch, 130

Phagocytes, 25, 59

Pharynx, 298

—— tonsil, 302

Pia mater, 170, 235

Pial sheath, 456

Pigment cells, 52

Plasma, 19

— cells, 50

Pleura pulmonalis, 347

Pleural eavities, 121

- Plexus choroideus, 235

—— myentericus, 326G

—— Meissner, 326

—— venosus vaginalis, 303

of
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Pliese villosae, 311

Polar hodies, 18

Pons Varolii, 226

Porta hepatis, 333
Portio Miilleri, 435
vaginalis nteri, 305
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Posterior nerve roots from spinal

eord, 188
Postganglionie fibres, 264
Preganzslionic fibres, 265
Prickle cells, 37
Primitive dental groove, 280
—— fibrillse, 150
—— librils, 92
ova, 3493
Prostate, 352
Protoblast, 6
Protoplasm, 1, 7
—, Structure of, 7
Protoplasmic membrane, 55

Proximal convoluted tubule,

Pulp tissue, 279

Purkinje's ganglion cells, 239
Pyloric glands, 313

Pyramid of Ferrein, 359
Pyramidal deeussation, 204
tracts, 177

Rami capsulares, 337

Riamon y Cajal’s discoveries,

189, 449, 450

Ranvier's constrictions, 146
nodes, 146
Raphe, 209
Red blood enrpuscles, 20
Red nucleus, 23
Reissner’s membrane, 46
Remak’s librous layer, 108
nerve-fibre, 148
Rete Malpighii, 33
— mucaosum, 33
—— testis, 370
Reticular cartilage, 67
formation, 209
Restiform body, 209
Retina, 445
——, Blind spot of, 446
——, Blood-vessels of, 456
——, Ganglion cells of, 448
——, Lymphatics of, 456
Rhabdia of Kithne, 92
Rhodopsin of Kithne, 453
Rods and cones, 452
Rollett’s  secondary

03
Rosette stage in nucleus, 13
Rugwe, 398

i

132,

substance,
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Rutherford’s scheme of
contraction, 99

musele

Sacenles, 462 |
Saccus endolymphaticus, 461

Saliva, 300

Salivary cells, 293

—— glands, 256

. Blood-vessels of, 297

. Ducts of, 291

. Lobes of, 290

. Lobules of, 200

—— ——, Lymphaties of, 297

—— ——, Kerves of, 297

Sarcode of Dujardin, 5

Sarcoglia, 100

Sarcolemma, 91

Sarcoplasma, 92

Sarcoplasts, 101

Sarcous elements, 94

Secala tympani, 465

—— vestibuli, 335, 465

Schultze's protoplasm, 5

Schwann's cells, 5

Selerotie, 432

Serotum, 87

Sebaeeous follicles, 415

Semieirenlar eanals, 462

Seminal eells, 375 |
tubules, 374

Sensory decussation, 207 |
—— end-organs in museie, 166 '
—— —— in tendon, 168

—— ganglion cells, 197

Septum cisternz lymphatice, 45
Serous glands, 236, 200

—— membranes, 122

Szsamoid eartilages, 66
Sharpey's perforating tibres, 74
Sheath of Henle, 142

—— of Schwann, 145

Simple axis evlinders, 153

—— lymphatie glands, 126
Skin, 404

—, Blood-vessels of, 421

——, Lympbhatics of, 422

——, Nerves of, 423

Solitary glands, 130

—— lymph follicles, 321

Spaces of Fontana, 434
Spermatoblasts, 377
Spermatozoa, 378 |
Sphineter pupille, 437

Sphineters, 88

Spinal aceessory, 203

—— cord, 170

—— —— grey matter, 191

Ilisrorocy.

Spinal cord white matter, 186
Spiral fibre, 267
—— tubnle, 363
Spireme, convolution, 13
Spleen, 331
—, Cap=ule of, 351
——, Lymphaties of, 355
-——, Nerve-tibres of, 242, 355
——, Parenchyma of, 352
——, Pulp of, 353
——, Red blood corpuseles of, 28
. Trabecul® of, 352
Spongioblast, 450
Spongioplasm, T
Spoengy bone substance, 74
Squamous epithelial cells, 32
Sternal cartilage, 63
Stigmata, 112
Stomach, 310
Stomata, 112, 121, 349
Strafified columnar epithelium, 35
pavement epithelinm, 32
Stratum adiposum, 406
cinereum, 231
cornenm, 33
glomerulosum, 251
granulosum, 34, 250
lacunosum, 249
lemnisei, 231
lueiduam, 33
Malpighii, 33
opticam, 232
radiatum, 249
zonale, 231
Striz acustice 220
Stria vascularis, 468
Stromna, 22
Subarachnoidal spaces, 121, 170
tissue, 171
subcutaneous lymphaties, 422
— tissue, 406
Subdural spaces, 121, 170
Subendoeardial tissue, 105
subepithelial endothelinm of De-

bove, 51
Subhyaloid cells, 443
Submaxillary ganglion, 253
Submucosa, 300
sSubmucous lymphaties, 121
Subpericardial nerve branches, 107
—— tissue, 106
Substantia ferruginea, 225
—— gelatinosa, 186
—— nigra. 229
Subvaginal space, 437
gmltlﬂrifﬁll_'uns canal, 4;*;

nlcus hippocampi, 249
—— gpiralis, 467
Superior pedunculus cerebelli, 225
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Suprachoroidal tissue, 434
Suprarenal bodies, 485
Supravaginal space, 457
Suspensory ligament, 443
Sweat glands, 407
Syimpathetic system, 258
Synapsis, 199

Syuovial cavities, 121

Tactile corpuscles, 158, 423
— hairs, 417

Tapetum nigrum, 439, 454
Tarsal plate, 424

Taste buds, 305

— cells, 305

—— goblets, 305

Teeth, 275

—— cement, 279

—— development, 250
pulp, 279

Tegmental cells, 305
Tegmentum, 231
Teichmann’s erystals, 23
Tendon cells, 49

—— spindles, 167
Tendons, 49

Tendril tibres, 243
Tenonian capsule, 457

—— space, 457

Tensor choroides, 435
Terminal bronchi, 547
Testis, 372

Thoracic duct, 117

Thymus follicles, 131

—— gland, 131

Thyroid cartilage, G3

— gland, 4584

Tongue, 302

——, Serous glands of, 304
Tonsils, 129

Touch-eells of Merkel, 161
—— -corpuscles of Merkel, 169
Trabeculs carnes, 106 2
—— of lymphatics, 134
—— of spleen, 352
Trachea, 343

Tracts of white matter in cord, 177
Tract eells, 197
Transitional epithelium, 35
Transverse dise, 95
Trapezoid nuclens, 218
Trapezium, 218, 226

Tuba Eustachii, 459
Tuabercle of Rolando, 202
Tuberenlumn acusticum, 219
Tubes of epididymis, 379
Tunica adnata, 372

e —
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Tunica albuginea, 372
—— ilartos, 33

—— fibrosa. 390
—— propria, 4649
vaginalis, 372
Tyson's glands, 334

Ureter, 371

Urethra, Female, 399
——, Male, 383
Urinary tubules, 361
Uteras, 395

Utricle, 462

Uvea, 437

Vagina, 397

Varicose nerve-fibres, 147

Vas deferens, 381

rectum, 378

Vasa efferentia, 379

Vascularisation of eartilage, 75

Vater's corpuscles, 155

Veins, 110

——, Intima of, 110

——, Media of, 110

—— of the bones, 110

Veins of the brain, cord, gravid
uterus, membranes, and retina,
110

——, Valves of, 110

Vena axillaris, azygos, ecava, eru-
ralis, hepatica, intima, iliaca,
mesenterica, poplitea, renalis,
spermatica, and umbilicalis, 110

—— jugularis, and subelavia, 110

Vena recta, 369

—— stellate, 370

—— vorticoss, 441

Venous radicles, 353

sinuses, 353

Ventricle, Fourth, 211

Ventricles, 106

Vesiculse seminales, 351

Vestibulum of labyrinth, 460

Virchow's erystals, 23

Visceral pericardium, 105

peritoneum, 3335

Visual purple, 453

Vitreous body, 443

Wandering cells, 58
Weigert's method, 152
White blood corpuseles, 23
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