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BREFACIE,

Tits Work is intended as a Manual for Medical
Students. The original plan was to embody in it
only such matter as was absolutely required for the
first year’s student in the Medical Schools; but this
plan was not carried out, since the book would then
have been, in some measure, incomplete as a Manual
of Histology. The work contains a good deal that
will be acceptable to the advanced student, as well
as to the beginner.

My best thanks are due to Mr. Charles Berjean,
F.L.S., for the readiness and artistic skill with which
he has executed the illustrations on wood. Some of the
figures are reproduced from my ¢ Atlas of Histology,”
others from the ‘ Ilandbook for the Physiological
Laboratory.” The former are marked ¢ Atlas,” the

latter ¢ Handbook.”

L. KLEIN.
May, 1883.



PREFACE TO THE THIRD EDITION.

In the present Edition I have made several altera-
tions in the illustrations and in the text. Figures
4, 43, 78, 129, 132, and 160 have been re-drawn,
so as to represent more satisfactorily the structures
intended to be delineated. In the text a good many
verbal corrections have been introduced, and for

many of these my thanks are due to my friend,

Dr. Pye-Smith.
E. KLEIN.

January, 1884,
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ELEMENTS OF HISTOLOGY.

CHAPTER L

CELLS.

1. Tar 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 /b
by a radially striated deli-
cate membrane, called the
zona pellucida. Inside this
clump, and situated more
or less excentrically, is a
vesicle—the germinal vesicle
—and 1nside this, one or more
solid spots — the germinal —

Evol G spors.) The gela- - Fig.1—Tupe Ovam of Cat.
tinous transparent substance  “ “Vesitie; o protoplasm.
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 distinet move-
ment, consisting in contraction and expansion. These
movements are spontaneous—u«.e., not caused by any
directly visible external influence.

The diameter of the ripe ovum in man and domestic
animals varies between ;1. and <1, of an inch. But
before it ripens the ovum is considerably smaller—in

B—1




2 ELEMENTS oF HIsToLoGY. [Chap. L

fact, its size is in proportion to its state of develop-
ment.

2. Fertilisation causes marked changes in the
contractions of the protoplasm of the ovum ; these
b i
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Fig. 2.—From a Section throngh the Blastoderm of Chick, unincubated.

a, Cells forming the ectoderm; 3, cells forming the endoderm ; ¢, large
formative cells; f, segmentation cavity. (Handbook.)

lead to cleavage 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

Fig. 34.—From a Section through the Rudiment of the Embryo Chiclk.

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

has originated two new elements, each of which con-
sists of protoplasm, of the same substance as that of
the original ovum, and each contains one nucleus or
kernel. The investment of the ovum takes no part in
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this process of division. Not long after, each of the
two daughter elements undergoes cleavage or division

Fig. 3B,—Vertical Section through the Ovum of Bufo Cinereus, in the
early stage of the Embryo Development.

a, Tegmental laver of epiblast ; & dorgal groove; e, rudiment of central nervous

gystem ; d, notochord; e, deep layer of epiblast; f, mesohlast; g, hypohlast;

h, cavity of alimentary canal—Rusconi's cavity ; H, central yolk ; &, remainder
of von Baer’s or segmentation cavity. (Handbouk.)

into two new elements, the nucleus having previously
divided into two, so that each of the new offsprings
possesses its own nucleus. This process of division is
continued in the same manner for many generations
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(Figs. 2, 3A, 3B), 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. KEither 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 amaebwz, each of these being likewise a
nucleated mass of protoplasm. Wherefore this move-
ment is termed amaboid movement. It can be further
shown that they, like ameebee, 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 embryonic 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, hnwever change their nature altogether,
their protoplasm and nucleus disappear, and they

ST

;

- x .
s 1 & -':-u 4

|



Chap. I.] CFEES, 5

give origin to material other than protoplasm—e.g.,
collagenous, osseous, elastic, and other substances.

9. Beginning with the ovum, and ending with the
protoplasmic nucleated elements found in the organs
and tissues of the embryo and adult, we have, then,
one uninterrupted series of generations of 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 :
ommis cellula a cellula), but each consists of the
protoplasm of Max Schultze (Sarcode of Dujardin),

3

Fig. 4, —Amaeboid movement of a White Blood Corpuscle of Man ;
various phases of movement. (Handbook.)

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 amcboid
movement (Fig. 4.)

Cells differ in shape according to kind, locality,
and function, being spherical, irregular, polygonal,
squamous, branched, spindle-shaped, cylindrical, 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 ;1 of an inch
to that of a large ganglion cell in the anterior horns of

the spinal cord of about 1 of an inch, or to that of a
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multinucleated cell of the bone marrow—myeloplax—
some of which surpass in size even the ganglion cells.
The same holds good of the nucleus Between the
nucleus of a ga,n-‘rlmn cell of about ;15 to y547 of an
inch in diameter and the nuﬂlens of a white blood
corpuscle of about ;%5 to to6go of an inch and less
there are all intermediate sizes.

6. Protoplasm is a transparent homogeneous or
granular-looking substance. On very careful examina-
tion with good and high powers, and especially when
examined with certain reagents, in many instances it
shows a more or less definite structure, composed of
fibrils, more or less regular, and in some instances
grouped into a honeycombed or fibrillar reticulum
in the meshes of which 1s a homogeneous interstitial
substance (Heitzmann). The closer the meshes of the

reticulum, the less of this interstitial substance, and the
more regularly granular does it 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
become disintegrated ; so do dilute acids and alkalies.
All substances that coagulate proteids have the same
effect on protoplasm.

7. The mucleus, the size of which is generally in
proportion to that of the cell, is usually spherical or
oval. It is composed of a more or less distinet invest-
ing cuticle and the nuclear contents, which are in the
ripe state arranged as an irregular or regular network,
the parts of which may be uniform fibrils or septa, or
irregularly-shaped trabeculse. In the life history of
each nucleus there may be stagesin which one or more
ciumps or nucleoli are present in the nuclear network.
The substance of the nucleus differs chemically from
that of the cell, the former consisting of nuclein.

Immediately before division the nuclear membrane
disappears, and also immediately after division the
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nuclear matter shows no definite boundary. The
nuclear membrane when present is a condensed outer
stratum of the nuclear matter.

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 division of the cell the nucleus
generally divides before the cell protoplasm. This
division of the nucleus was until lately supposed
to occur in the same manner as that of the cell pro-
toplasin—a.e., by simple cleavage. This mode is called
the direct division, or Remak’s mode of division.
In this division the nucleus is supposed to become
constricted, kidney-shaped and hour-glass 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 contractility of the nucleus
may and occasionally has been observed to cause
these changes of shape. From the observations of
recent investigators—Biitschli, Hertwig, Strassburger,
Mayzel, van Beneden, Balfour, Eberth, Schleicher,
Peremeschko, Flemming, Klein, Arnold, Pfiitzner,
Retzius, Bizzozero, and many others—it is now known
that in the embryo and adult, in plant and animal,
vertebrates and invertebrates, all kinds of cells, before
their protoplasm undergoes division, show complicated
changes of their nucleus. This manner of division is
called the indirect division or karyokinesis. It has
been observed by Mayzel, Schleicher, and Flemming,
that the nuclear fibrils show movement, hence the
name karyokinesis, t.e.,, ‘kernel-movement.” This
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process of karyokinesis is represented in the adjoin-
ing figure, 5, and it consists of the following phases :
(z) The nuclear network become very pronounced,
while the nuclear membrane disappears, and the
fibrils of the nuclear network becomes twisted and
bent into a more or less dense convolution, at the
same time the nucleus, as a whole, is considerably
enlarged. (&) The fibrils unravel into loops, arranged

(e

Fig, 5.—Karyokinesis,

A, Ordinary nucleus of a columnar epithelial cell; B, ¢, the same nucleus in the
stage of convolution; D, the wreath, or rogette form ; ¥, the aster, or single
star; F, a nuclear epindle from the Descemet’s endothelinm of the frog's
COTrnea; 6, H, I, diaster ; K, two daughter nuclei.

around the centre as a wreath or rosette. (c) The
peripheral points of the loops become broken, and
we obtain a star-shaped figure of single loops—the
aster. (d) The loops separate into two groups or
new centres: this is the diaster, or double star.
(e) The two groups of threads become further apart,
as 1f attracted by opposite poles; but the two groups
remain still connected with one another by fine pale
threads.  These latter differ from the others in not
staining with certain dyes, and representing the in-
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terstitial substance of the nuclear matter—i.e., the pale
substance contained in the original reticulum of the
nucleus. Flemming calls this substance achromatin,
whereas the threads forming the original network, the
convolution, aster and diaster, he calls chromatin, on
account of its readily staining with dyes.

In this stage the whole figure resembles a spindle,
the nuclear spindle of Biitschli (Fig. 5, F).

Further, all connection between the two sets
of threads is broken—i.e., between the stars of the
diaster. (g) The threads of each set become greatly
convoluted. (A) A membrane appears for each set.
In this stage we speak of two new or daugliter nucles.
The cell protoplasm may commence to divide at any
stage between the one when the threads aggregate
round twe centres, and the one when two distinct
daughter nuclei are present ; or the division of the
nucleus may not be followed by the division of the cell
protoplasm, in which case we have a two-nucleated
cell. In some instances, especially of invertebrates and
lower vertebrates, a peculiar sun-like arrangement of
fibrils of the cell protoplasm towards each of the two
stars of the above nuclear fibrils has been observed.
Martin has noticed, in pathological new growths, a
simultaneous division 1nto three and four daughter
nuclei, after the mode of karyokinesis. Although
this indirect mode of division of the nucleus has been
observed in all kinds of cells in the embryo, and to a
limited degree also in the adult, it is not proved to
be the universal mode of nuclear division. On the
contrary, there is strong evidence that in amceboid
corpuscles division of the nucleus follows the direct
mode, and 1t is also probable that other nuclei, under
certain conditions, may undergo the direct mode of
division,
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CHAPTER II

BLOOD.

9. UxpEr the microscope blood appears as a trans-
parent fluid, the liguor sanguinis or plasma, in which
float vast numbers of formed bodies, the blood cor-
puscles. The great majority of these are coloured;
a few of them are colourless. The latter are called
white or colourless blood corpuscles, or leucocytes.

The former are called red or coloured blood corpuscles,
or blood-discs. 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 millions of blood cor-
puscles in each cubic millimétre (1, of a cubic inch)
of human blood. There appears to be in healthy
human blood one white corpuscle for 600-1200 red
ones. In man and mammals the relative number of
blood corpuscles is greater than in birds, and in birds
greater than in lower vertebrates.

10. The red blood corpuscles (Fig. 6) of man
and mammals are homogeneous bi-concave dises (except
in the camelide, where they are elliptical), and do not

possess any nucleus. Being bi-concave in shape, they
‘are thinner and more transparent in the centre than
at the periphery. In other vertebrates they are oval
and more or less flattened from side to side, and each
possesses a central oval nucleus.

The diameter of the human red blood corpuscles is
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about —coy of an inch on the broad, and their thick-
ness about —; 1. of an inch. But there are always
corpuscles present which are much smaller by about
one-third to one-half
than the others. In
normal blood these @ ﬂ

‘small red corpuscles A

ot : Fig, 6,—Various kinds of Red Blood
are scarce ; In certain Corpiselea,

ﬂbnﬂ'r 1113.-1 CDDdltlDﬂS, A, Two human, one seen flat, the other

* . edgewnys: 3, a red corpuscle of the
Eﬂpﬂﬂlﬂ-“}’ an&mila, or camel ; ¢, two red corpuscles of the frog,

pD{}I'IlBSE Df leGd, t-hﬂ'y EEE Egﬁtl'lmfvl:gﬁ ethr_s broad, the other from
are more numerous.

According to Gulliver, Welcker, and others, the
following are the average diameters of the red
blood corpuscles of various vertebrates :-—man, -+ ;
dog, =355 cab, w5505 sheep, 5o ; elephant, 5= ;
horse, -5 ; musk deer, ;1. ; pigeon, ;2% ; toad,
L ; newt, g15; proteus, zi5; pike, 3555 ; shark,

b

200 2

(Fig. 7) the red blood corpuscles form peculiar shorter

3 or longer 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 sa-
line solution or solutions

A5y of othersalts (sulphate of
Fig. 7.—Human Blood, fresh. sodium or magnesium)

1 £ les ; B, isolated ;
ABguceurotedconmusen B isged  —the  corpuscles  lose

{:aﬁl;‘%dugitlleg?rpus{:le seen flat; D, white thEII' SH]DDFh : Cil‘ﬂll]ﬂ-]i"
outline, shrinking and

becoming crenate (Fig. 8, A). In a further stage of this
process of shrinking they lose their discoid form, and
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become smaller and spherical, but beset all over their
surface with minute processes. This shape is called the
horse-chestnut shape (Fig. 8, b, ¢). It is pro-
a . :
o0 bably due to the corpuscles losing carbonie
acid, asits addition brings back their discoid
shape and smooth circular outline. On ab-
& = stracting the carbonic acid they return to
; ﬁs the horse-chestnut shape. Water, acid,
Rea " Biooa alcohol, ether, the electric current, and
a'(;t;zi::;c;lez: . any other reagents, produce discoloration
home-chestunt of the red blood corpuscles; the coloured
matter — generally the combination of
the blood-colouring matter with globulin known as
hemoglobin—becoming dissolved in the plasma.
What is left of the corpuscles is called the
stroma. In newts' and frogs’ blood a separation of
the stroma from the
nucleus and haemoglobin
can be effected by means
of boracic acid (Fig. 9, B) ;
the former is called by
Briicke the (Ekoid, the _.
latter Zooid. This stroma © ¢ 9‘"31‘}‘;‘,,13;33%53? o
contains amongst other 4, Human red corpuscles after theaction
things much para- ?:ﬂ?ﬁif{ﬁé _“ht.::?]ﬁ;%?n“?é‘ﬁ';‘;{%
globulinn. The stroma s, Newt's rea corpuscles afeer the action
of horacicacid: a, a corpuscle showing

of the corpuscles of  Bruckes zooid and oikoid; 8, a corpus-
. cle showing the reticulated stroma;

amphibians 1S  seen, ¢, a corpuscle showing the reticulum
under certain reagents, Lrltl Ehe nucleus; d, the nucleus pasging
to be of a reticulated

structure, but in the fresh state appears homo-
geneous and pale. Discoloration of the blood cor-
puscles can also be observed to take place in blood
without the addition of any reagents or with that of
indifferent fluids, such as the aqueous humour of the
eye, hydrocele fluid, etc. The number of corpuscles

undergoing discoloration is, however, small.
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The elements of the blood described by Dr. Richard
Norris, of Birmingham, as the invisible, pale, or third
corpuscle, are red blood corpuscles that have be-
come discoloured by the mode of preparation (Alice
Hart).

12. The haemoglobin of the red blood corpuscles

forms crystals (Fig. 10), 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 rhom-
bic 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-
brown or black powder—the Aematin; but it
can be obtained in a crystalline form as hydro-

chlorate of heematin(Fig.11). These crystals
VA %’ﬁ also are of microscopic size, of a nut-brown
éﬁ ﬂ colour, of the shape of narrow rhombic

J plates, and are called Awmin ecrystals, or
e, Teichmann's  erystals.  In extravasated

human blood crystals of a bright yellow
or orange colour are occasionally met with ; they are
called by Virchow, their discoverer, hwmatovdin.
They are supposed to be identical with bilirubin,
obtainable from human bile,

13. The white or colourless blood cor-
puscles are in human blood of about 55 to 5245
of an inch in diameter, and are spherical in the

B
Fig, 10.—H=zmoglobin erystals.
A, Of guinea-pig; B, of squirrel ; ¢, p, human.
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circulating blood or in blood that has just been
removed from the vessels. Their substance is trans-

parent granular-looking protoplasm, containing larger

or smaller bright granules. These granules, though
usually of a fatty mnature, are in some kinds of
blood, notably horses’, of a reddish colour, and
these corpuscles are supposed by some observers
(Semmer and Alexander Schmidt) to be inter-
mediate between red and white corpuscles. The
protoplasm of the colourless corpuscles contains
glycogen (Ranvier, Schifer). In the blood of the
lower vertebrates the colourless corpuscles are much
larger than in mammals. But in all cases they
consist of protoplasm, include one, two, or more
nuclei, and show ameeboid 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 applying artificial
heat of about the degree of mammals’ blood. It
is then seen that they throw out longer or shorter
filamentous processes, which may gradually lengthen
or be withdrawn, appearing again at another point
of the surface. The corpuscle changes its position
either by a flowing movement of its protoplasm as a
whole, thus rapidly creeping along the field of the
microscope, or it may push out a filamentous process
and shift the rest of its body into it. During this
movement the corpuscle may take up granules from
the surrounding fluid.

14, The white corpuscles of the same sample of
blood differ in size and aspect within considerable
limits, some being half the size of others, some much
paler than others. The smaller examples generally
possess one nucleus occupying the greater part of the
corpuscle, the larger ones usually include two, three,
or even more nuclei, and show more decided
ameeboid movement than the others. Division by
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bleavage of the white corpuscles of the blood of lower
vertebrates has been directly observed by Klein and
Ranvier.

15. In every microscopic specimen of the blood

According to Bizzozero they are, when

bbserved in the living and fresh blood, O a
pale, circular, or slightly oval discs . O
i(Fig. 12, b). Their size is only § to 3 C?

iu that of the red blood corpuscles. b
IThey are called by him blood plates, and  © © %
the supposes them to be of essential im- L e

portance in the coagulation of the blood,  Red blood cor
originating the fibrin ferment, Hayem  Plates of Do
idescribed them previously as being in-

itermediate forms in the development of red blood
‘corpuscles, and called them hematoplasts.

16. Development of Bloed Corpuscles.—
|At an early stage of embryonic life, when blood
imakes its appearance it is a colourless fluid, contain-
‘ing only white corpuscles (each with a nucleus), which
lare derived from certain cells of the mesoblast. These
|white corpuscles change into red ones, which become
| flattened, and their protoplasm gets homogeneous and
' of a yellowish colour. All through embryonic life new
I} white corpuscles are transformed into red ones. In
' the embryo of man and mammals these red corpuscles
i retain their nuclei for some time, but ultimately lose
‘them. New nucleated red blood corpuscles are, how-
ever, formed by division of old red corpuscles. Such
division has been observed even in the adult blood of
' certain lower vertebrates (Peremeschko) as well as in
| the red marrow of mammals (Bizzozero and Torre).

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

Schiifer described intracellular (endogenous) for-
mation of red blood corpuscles at first as small heemo-
olobin par ticles, but soon growing into red blood cor-
pusw.,]m; in certain cells of the subcutaneous tissue of
young animals, Malassez describes the red blood cor-
puscles originating by a process of continued budding
from the marrow cells.

The white corpuscles appear to be derived from
the lymphatic organs, whence they are carried by the
lymph into the circulating blood.

CHAPITER' TR
EPITHELIUM.

17. Epithelial cells (Fig. 134) are nucleated proto-

pé’cmmc cells, forming continuous masseson 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

l‘.

rg

‘:EI' |
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alveoli of secreting and excreting glands, such as the
kidney, liver, mammary gland, testis and ovary, the
salivary glands, mucous, peptic, and Lieberkiihn’s
glands, the sweat and sebaceous glands, the hair
follicles, &c., consists of epithelial cells. Such is the
icase also with the sensory or terminal parts of the
lorgans of the special senses. And, finally, epithelial
cells occur in other
lorgans, such as the
thyroid, the pitui-
tary body, &e.

The hairs and
nails, the cuticle of
ithe skin, certain

retina, and the rods
of Corti in the organ
of hearing, are modi-
fied epithelial struc-
tures.

Epithelial cells

are grouped tﬁgethl?rl" Fig. 134,— Various kinds of Epithelial Cells.
by exceedingly thin ., columnar cells of intestine; », polyhedra
| cells of the eonjunetiva; c, clllal;ed conical
] IEYEI'E \Df an 3.-].1}11'- cells of the trachea: D, ciliated cell of frog's
N - . .y mouth ; E; inverted conical cell of trachea;
II]!.I_'IDHS mtsrstztmi F, squamnus cell of the tavity of mouth, seen
from its broad surface ; G, SEqUaAMOUS n&ll seen
ﬂﬂmmﬁ substance,  eageways.
whmh during life is
lof a semifluid natiire, and belotigs to the group of
bodies known as globulins,
. 18. As regards shape we distinguish two kinds
of epithelial cells—columnar and squamous. The
colummnar cells are short or long, cylindrical or pris-
matic, pyramidal, conical, club-shaped, pear- shaped,
or spmdl&sha,ped their nucleus is always more or
|less oval, their protoplasm more or less longitudinally
striated. On the free surface of the cells—i.e. ., the

g—1
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part facing a cavity, canal, or general surface—in many
instances a bright thinner or thicker cuticular struc-
ture is seen, with more or less distinct vertical striation.
The conical or spindle-shaped, club-shaped, and pear-
shaped cells are drawn out into longer or shorter
single or branched extremities.

The squamous or pavement cells are cubical,
polyhedral or scaly. The nucleus of the former is
almost spherical that of the latter flattened in propor-
tion to the thinness of the scales. In polyhedral
cells it can be occasionally perceived that the granula-
tion 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 in-
testine, are considerably
longer than those lining
the mucous membrane of
the uterus; the columnar
cells lining the larger
Fig. 138.—Three Mucus-secreting ducts of the kidney are

Goblet Cells. :
considerably longer than

A, From the stomach of newt; B, from i
a mucous gland ; ¢, from the surface those ]_11'1111g the 5]115_,]_1

::Jgs t':'il#é. mucous membrane of thein Rats ; b pﬂl}"hﬂ deal
cells covering the anterior
surface of the cornea are considerably smaller than
those on the surface of the lining membrane of the
urinary bladder; the scales lining the ultimate recesses
of the bronchial tubes—the air cells—are considerably
smaller than those on the surface of the membrane
lining the human oral cavity and cesophagus.

20. Asregards arrangement, the epithelial cells

are either arranged as a single layer or are stratified,
forming several superposed layers; in the former case |
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‘we have a single-layered, in the latter a stratified epi-
thelium. The simple epithelium may be composed of
squamous cells, sumple squamous or svmple pavement
epithelium ; or it may be composed of columnar cells,
simple columnar epithelium. [he stratified epithelium
may be siratified pavement, or siratified columnar ;
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. Swmple
squamous epitheliwm 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
Sumple columnar epitheltwm is that on the inner
surface of the stomach, small and large intestine,
uterus, small bronchi, ducts and acini of mucous and
E-ahva.ry olands, of some kidney tubules, &e. Stratified
pavement epmtfwhum 1s that on the epidermis, the
epithelium lining the cavity of the mouth, pharynx,
and cesophagus in man and mammals, the anterior
surface of the cornea, &ec.

21. The epidermis (Fig. 14) consists of the fol-
lowinglayers:—(a) Stratum corneum: this is the super-
ficial horny layer, and it consists of several layers of
horny scales, without any nucleus. The layers, which
are separated from one another by narrow clefts con-
taining air, are then in process of desquamation. This
stratum 1is thickest on the palm of the hand and
fingers, and the sole of the foot. (4) The stratum
lucidum, composed of several dense layers of horny
scales, in which traces of an exceedingly flattened
nucleus may be perceived. (¢) Then follow many
layers of nucleated cells, forming the stratum or
rete Malpighni or rete mucosum. The most super-
ficial layer or layers of it are flattened scales, which
are characterised by the presence around the nucleus
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of globular or elliptical granules of the nature inter-
mediate between protoplasm and keratin. Their sub-
stance is called
eleidin by Ran-
vier, keratohy-

74
alin by Walde-
yer; these cells

form the stra-

sum of La_nger-.
hans. Deeper
down the cells

',
7 b

Fig. 14.—From a Vertical Section through the
Epidermis,
a, The stratum Malpighii ; 5, the stratum granulosum : t]lB

¢, the stratum lucidum; &, the stratum corneum.
(Atlas.)

columnar eells, placed vertically on the surface
the subjacent corium.
The substance of the
hairs, nails, claws, hoofs,
consists of horny scales.
(See chapter on Skin.)
22. The stratified
pavement  epithe-
Niwm (Kig. 15) lining the
cavity of the miouth, the
surface of the tongue, the
pharynx and cesophagus
of man and mammals, and
the anterior surfaceof the
cornes, &c., 15, 4s Tegards . 4o poon o Vertiol Sectill
the style and arrange-  through the anterior layers of the
ment of the cells, identi- tormea. .
cal with the stratum “s the sibsiantia promis with the

a W - eorneal corpuscles between its lamellss
Malpighni of the epider- (Handbookn 5
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mis. The cell protoplasm is more transparent in the
former, and the granular cells of the stratum granu-
losum 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.

23. Stratified colummar epithelinm is met

with on the lining membrane of the respiratory |

organs, as larynx, trachea, and large bronchi. It/

consists of several layers of columnar cells: a super-
fictal layer of comical 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 epithelvum. 1t is stratified, and the most
superficial layer consists of squamous cells. Under-
neath this is 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 attention.

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 pro-

longations of the cell protoplasm. DMore correctly||

speaking, the cilia are continuous with the filaments
or strize of the cell protoplasm. The superficial layer
of conical cells of the epithelium in the respiratory
organs, the columnar cells lining the uterus and ovi-
duct, and the columnar cells lining the tubes of the
epididymis possess such cilia. In lower vertebrates
the ciliated cells are much more frequently observed ;
in Batrachia the epithelial cells lining the mouth,
pharynx, and cesophagus are ciliated.

“a
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While fresh in contact with the membrane which
they line, or even after removal from it, provided
the 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-
bonic acid, low temperature, &c. Under these circum-
stances, removal of the impediment, as by dilute
alkalies, will generally restore the activity of the cilia.
Moderate electric currents and heat stimulate the
movement, strong electric currents and cold retard it.
Reagents fatally affecting cell protoplasm also stop
permanently the ciliary action.

25. Gioblet or chalice cells (Figs. 138, 16) are
cells of the shape of a conical cup. The pointed part

b A is directed away from the free surface,
v
| @ | _L%ﬁt
%!!i%’-‘ﬁﬁg; AR

Fig. 16.

From a Vertical Sec-
tion through the
Epithelium on the
gurface of the mu-
cous membrane of

and contains a compressed triangular
nucleus, surrounded by a trace
of protoplasm. The body of the
goblet contains mucus. This latter
may be in various states of forma-
tion, and may at any time be poured

out of the cell. Goblet cells are
most commonly met with amongst

the large intestine.

Three goblet cells ara
seen pouring out their

us. The rest : : ini 1
ordimary  coluanar the epithelium lining the respiratory
cells,

organs, the surface of the stomach and
intestines, and especially in mucous glands, in whose
secreting portion all cells are goblet cells.

The protoplasm of colummar cells facing a free
surface, no matter whether in simple or stratified
epithelium, ciliated or non-ciliated, may underge
such alteration as will lead to the transforma-
tion of the cell into a goblet cell. This takes
place during life, and corresponds to an im-
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portant function of colummar epithelial cells—viz.,
the formation of mucus. In mucus-secreting
glands all the epithelial cells have this function
- permanently, but in ordinary columnar epithelium
| only a comparatively 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 protoplasmie, cylindrical, or
conical epithelial cell, and wvice versa. If ciliated
| cells undergo this change, 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 inter-
stitial substance of the cell reticulum increases in
' amount, the meshes enlarging and distending the body
| of the cell. The interstitial substance probably under-
| goes the change into muein.

26. Prickle Cells (Fig.14).—Amongst themiddle
| and deeper layers of the stratified pavement epithelium,
| such as is present in the epidermis and on the surface
| of the oral cavity 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
| neichbours, by means of fine transverse short fibrils
which, passing from protoplasm to protoplasm, connect
' the surfaces of the cells.

27. Pigmented epithelial cells—a.e., epithelial cells
filled with black pigment particles (crystals)—arefound
on the internal surface of the choroid and iris of
| the eyeball.

In coloured sking, and in coloured patches of skin
and mucous membrane, such as occur in man and
| anmimals, pigment in the shape of dark granules is
found in the protoplasm of the deeper epithelial
cells, as well as in branched cells situated between
the epithelial cells of the deeper layers. Minute
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branched non-pigmented nucleated cells are met with
in the interstitial or cement substance of various kinds
of epithelium, simple and stratified, e.g., epidermis,
epithelium of oral cavity, cornea, &c.

28. Epithelial cells 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-
thelium 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
occurs—as, for instance, in the stomach and intestines,
the secreting glands, or sense organs.

In the stratified pavement epithelium it is the cells
of the deepest layer which chiefly divide ; the next
layer thereby becomes gradually shifted towards the
surface, and more flattened, and on reaching the surface
dries up owing to rapid loss of water.

29. The interstitial substance between the epi-
thelial cells being soft and semi-fluid, and the proto-
plasm of the epithelial cells themselves being a soft
flexible material, it is possible for the cells to change
their shape and arrangement after pressure and tension,
exerted on them by the contraction or distension of the
membrane on which they are situated. Thus, for in-
stance, the epithelium lining a middle-sized bronchus
may appear at one time as composed of long, thin,
columnar epithelial cells in two layers ; at another, as
a single layer of long columnar cells; or again as
a single layer of polyhedral or short columnar cells:
the first is the case when the bronchus is contracted,
the second when it is in a medium state of distension,
‘the third when it is much distended. Similar changes
'may be noticed on the epithelium lining the mucous
‘membrane of the bladder, gland tubes, the epidermis,
and various other epithe]ia,l structures.
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i APTER. IV,

ENDOTHELIUM.

30. THE 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 lymph sacs of amphibian
animals, the cavity of the heart, of blood-vessels
and of lymphatic-vessels are lined with a continuous
endothelial membrane, composed of W
a single layer of fattened trans- m

oL -
parent squamous cells, called endo- PN ®
thelial cells (Fig. 17). Each contains @L‘“z _j
an oval nucleus, situated as a rule __/ ﬂ:f S
excentrically. Just as in the case
of epithelium, the endothelial cell Fig. 17—Endotheliun

plates are joined by a fluid or semi-  Cat.

J . oy o Th tli f th do-
fluid homogeneous wnterstitial or Ui clis, and the

cement substanmce of the nature of  irewelshown. o
globulin. When examining any of
the above structures fresh, the endothelial cells are
not, as a rule, visible, owing to their great trans-
parency ; but by staining the structures with a
dilute solution of nitrate of silver, and then ex-
posing them to the influence of the light, the cement
substance 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
consists of a homogeneous ground-plate. In it
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lies the nucleus, and around it is a substance which
appears granular, but which is of a fibrillar nature, |
the fibrillee being arranged in a network, and extend-

i .l.-""’ B AT
o ﬁﬁi" (NN W
o \ w-t-

Ii,:'"‘:.“

-

Fig. 18.—Network of Lymphaties in the Central -Tendon of the
Diaphragm of Rabbit, ﬁre pared with nitrate of silver, so as to show
the outlines of the Endothelial Cells forming the wall of the
Lymphatics,

a, Large lymphatic vessels; b, lymphatic capillaries; ¢, apparent ends of th
‘capillaries. (Handbook.) ymp b » appar e

ing 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,
peritoneum, and endocardium of man and mammals
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are more or less polygonal, or slightly elongated. Their
outlines vary ; in the lining of the lymph sacs of the
frog they are much larger, and of very sinuous out-
line ; while those of the posterior surface of the cornea

Fig. 19.—Omentum of Rabbit, stained with Nitrate of Silver.
a, Ordinary flat endothelial cells ; b, germinating cells. (Atlas.)

are very regular, pentagonal, or hexagonal, having
straight outlines in the perfectly normal 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. 18) are narrow and
elongated, with more or less sinuous outlines. In the
lymphatic capillaries the endothelial plates are poly-
gonal, but their outline 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

L

Fig. 20.—Part of Peritoneal Surface of the Central Tendon of Diaphragm
of Rabbit, prepared with Nitrate of Silver,

$, Stomata; 1, lymph-channels; ¢, tendon bundles. The surface is covered with
e&dﬂhl%}ehﬂ:?. The stomata are surrounded by germinating endothelial cells,
(Handbook.

and omentum, on the synovial membranes, tunica
vaginalis testis, &c. They are especially observable
in considerable numbers in the pleura and omentum
(Fig. 19) 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, &c.).
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 (amceboid) cells, which ultimately
are absorbed by the lymphatics, and carried into the
blood system as white blood corpuscles. On the sur-

Fig. 21.—Part of Omentum of Cat, stained with Nitrate of Silver.

a, Fenestr® or holes ; & trabeculae covered with endotHelhiin. Only the outlines
(gilver-lines) of the endothelial cells are shotwn.

face of the serous membranes, especially the diaphragm
(Fig. 20) and pleura, there exist minute openings,
stomata, leading from the serous cavity into a lym-
phatic vessel of the serous membrane, These stomata
are often lined by germinating 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 magne, and on it occur 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, mesenterium, septum cisternz) are
ciliated. |
34, The omentum and parts of the pleura are, in
the adult human subject, ape, dog, cat, guinea-pig, rat,
&e., of the nature of a fenestrated membrane (Fig 21),
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 fenestree are not covered with anything, the endo-
thelial cells adhering only to the surfaces of the
bands without bridging over the fenestrze. 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. 20.) The above-mentioned
stomata occur amongst these small endothelial cells.
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CHAPTER V.

FIBROUS CONNECTIVE TISSUES.

35. BY the name of “connective tissues” we desig-
nate 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 supporting
tissue or connecting substance, for nervous, muscular,
glandular, and vascular 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 changed into the
other ; that in the adult they gradually shade off one into
the other ; and that they yield allied chemical products.

Connective tissues are divided into the three great
groups of (1) fibrous connective tissue; (2) cartilage ;
(3) bone, to which may be added dentine. Each of
these is subdivided into several varieties, as will
appear farther on, but in all instances the ground
substance, or matriz, or intercellular substance, 1is
to be distinguished from ¢he cells. In the fibrous con-
nective tissue the matrix yields collagen or gelatin,
and the cells are called conmnective tissue cells, or con-
nective tissue corpuscles. In the cartilage the ground
substance yields chondrin, and the cells are called car-
tilage cells. In the third group the ground substance
contains inorganic lime salts, intimately connected
with a fibrous matrix, and the cells are called bone
cells.

36. The fibrous conmnective tissue, or white
fibrous tissue, occurs in the skin and mucous
membranes, in the serous and synovial membranes,
in the membranes of the brain and spinal cord, in
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tencons and tendon sheaths, in fascisee and aponeuroses,
in the intermuscular tissue, and in the tissue con-
necting neighbouring organs, &c. It consists of
microscopic band-like or cylindrical bundles or fasciculi
of exceedingly fine homogeneous fibrils (Fig. 22), which
are known as the elementary connective tissue fibruls.

Fig. 22, —Plexus of Bundles of fFiR'hrous Tissue from the Omentum
of Rat.

a, A capillary blood vessel ; b, bundles of fibrous tissue; ¢, the connective-tissue
corpuscles; 4, plasma cells. (Atlas.)

According to the number of these the bundles differ
in size. The bundles, and also their constituent
fibrils, may be 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 #rabecule, and these
are again associated into groups. The fibrils are held
together by an albuminous (globulin), semi-fluid, homo-
geneolis cement substance, which 1s also present between
the biundles forming a trabecula.

On adding an acid or an alkali to a bundle of
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fibrous tissue, it is seen to swell up and to become
glassy-looking, homogeneous, and gelatinous.  Sub-
jected to bmllng in water, or to digestion by dilnte
acids, the bundles of fibrous tissue yield collagen or
gelatin,

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 and mucous, serous, and synovial membranes, in
the dura mater and tendon sheaths, the trabeculze 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 the parts of the same organ—u.e., interstitial
connective tissue—the texture of the fibrous tissue is
more or less loose, the trabecule dividing and re-
uniting and crossing one another, but leaving between
them larger or smaller spaces, cellulee or areolwe, 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 lamelle, or plates of
trabeculze. (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 trabecula 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 varie-
ties. (a) In tendon and fasciee the cells are called
tendon cells or tendon corpuscles; they are flattened
nucleated protoplasmic cells of a square or oblong
shape (Fig. 234), forming continuous rows (singie files),
situated on the surface of groups of bundles of fibrous

p—1
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tissue. Between these groups are wider or narrower
channels—the wnterfascicular spaces—running parallel
with the long axis of the tendon (Fig. 238). The cells
in each row are separated from one another by a narrow
line of albuminous cement substance, and the round
nucleus of the cell is generally situated at one end, in
such a way that in two
adjacent cells of the grow-
ing tendon the nuclel
face each other. This
indicates that the indi-
vidual cells undergo divi-
sion,  Corresponding to
the margin of each row,
the cells possess minute
processes. The cell plate
is not quite flat, but pos-
sessed of one, two, or even
three membranous projec-
tions, by which it is
— - wedged in between the
Fig. 23s.—From a Tendon of Tajl 111d1Vidual bundles of the
of Mouse, showing the Tendon group to which the row
Eﬁgsi'nng{ﬂlﬁfemm e 6t el belongs.

a, The tendon ecells seen from their 39. (Ei') In tnl']E serous
broad surface; &, the same seen side-

ways. (Handbook.) membranes, cornea, subcu-

taneous tissue, and loose
connective tissues, tne cells are flattened transparent
corpuscles, 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 cor-
puscles, and are very richly branched (Fig. 25). They
are situated between the lamelle of fibrous bundles of
which the ground substance of the cornea consists.

These corpuscles are also situated in the interfasei-

cular spaces, or spaces left between the bundles of the

fibrous matrix, which are cavities in the interstitial
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cement cementing the bundles and trabecule together

branes these spaces
possess the shape
of branched lacu-
ne, each lacuna
being the home
of the body of
the cell, while the
branches or cana-
liculi contain its
processes,  These
canaliculi form the
channels by which
neighbouring lacu-
ne anastomose
with one another
(Fig. 26). The cell
and its processes do
not fill up the la-

. cuna and its canali-

-1 A
presry =i

Fig.238.—From a Transverse Sectionthrough
the Tendons of the Tail of a Mouse, stained
with gold chloride,

Beveral fine tendons are shown here. The dark
branched corpuscles correspond to albuminous
cement substance stained with gold chloride:
they are the channels between the bundles of
fibroug tizsue, constituting the tendon, and seen
here as the clear spaces in cross section. In each
of these channels is a row of tendun cells—not
discernible here, the long axis of these rows
being parallel with the long axis of the tendon.
(Handbook.)

| (von Recklinghausen). In the cornea and serous mem-

culi. In loose connective tissue the lacuna may be of
considerable size, and may contain several connective

Fig, 24,—From the Tail of a
Tadpole.

¢, Branched connective tissue cells: m,
a migratory cell. (Atlas.)

cells, which make as 1t
were a lining for it.
These in some places are
very little branched, and
almost form a continuous
endotheloid membrane of
flattened cells. Such is
the subepithelial endothe-
litum of Debove, occur-
ring underneath the epi-
thelium on the surface

of the mucous membrane of the bronchi, bladder,

and intestines.

40. (¢) In the true skin and mucous membranes
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the connective tissue cells are also branched flattened

Fig. 25.—From the Cornea
of Kitten, showing the
Networks of theBranched
Corneal Corpuscles.

a, The network of their pro-
cesseg; b, nucleus of the
corpuscle. (Atlas.)

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 subcuta-
neous and other loose
connective tissues.

In the skin and
mucous membranes
also the cells and
their processes are
situated in the in-
terfascicular spaces.

4]1. The connec-
tive tissue corpuscles

corpuscles, and by their longer
or shorter processes are con-
nected into a network (Fig. 24).
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 wedged 1n
between the bundles of the tra-
becula to which it belongs.

This character of the cells
(t.e., possession of secondary
plates) is well shown by the

Fig. 26.—From the Cornea of Kitten,
stained with Nitrate of Silver, show-
ing the Lymph-canal System.

a, The lacuna, each containing the nucleated

cell-hody, just indicated here; b, the
canaliculi for the cell processes. (Atiu.l
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hitherto mentioned are fixed corpuscles ; they do not
show movement. Kiihne and Rollett ascribe to the
corneal corpuscles a certain amount of contractility, in-

~asmuch 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 and a fibrillar
reticulated (granular-looking) substance around the
nucleus, and extending beyond the ground plate into

the processes of the cell.

42, Pigment cells.—In the cold-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 pigmented
connective tissue cells, or simply piugment cells. They
are very numerous in the skin of fishes, reptiles, and
amphibian animals, and also around and between 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
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 Jarge number of these cells
are found in the tissue between the sclerotic and
choroid, as the lamina fusca, and also, but to a more
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




38 ELEMENTS oF HisroLocy. [Chap. V.

processes ; and intermediate forms between the two.
But on careful examination it will be seen that these |

Fig, 27.—Pigment Cells of the Tail of Tadpole.

A, B, C, D represent various states; A being a cell in an uncontracted or passive
state, D in a contracted or active state.

appearances are due to different states of contraction
of the same kind of cells (Fig. 27).

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

2
i

T

My

£

T
=

&5



T —— T —

T ——

Chap.V.] JiBrRoUS CONNECTIVE TISSUES. 39

exceedingly numerous, and form a network so dense

| that the whole mass of cells resembles an extremely
| close network of pigment. In the maximum of
| activity the 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 grades, in which the pigmented processes
are of various numbers and lengths.

44, Owing to the great mumber 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 parti-
cular part will become lighter and brighter, the degree
of lichtness and brightness depending on the degree
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

licht, Sunlight leaves the pigmented cells in the
passive state, <.e., the skin becomes dark. If pre-
viously they have been contracted by darkness, on
being exposed to sunlight they again return to the
passive state. The contraction 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 reflex action by the stimulation of the retina by
light.

" 45, Fat cells.—TFat cells in the ripe and fully-
formed state are spherical, large vesicles, each con-

| sisting (a) of a thin protoplasmic membrane, which at
~one point includes an oval nucleus flattened from side

to side, and (b) of a substance, which is an oil globule
filling the cavity of the vesicle (Fig. 28), These

fat cells are collected together by fibrous connective

tissue into smaller or larger growps, which in their
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turn form lobules; these again become [lobes, and
these make continuous masses. Each group and
lobule has its afferent arteriole, one or two eferent
veins, and a dense network of capillaries between ;
each mesh of the capillary network holding one,
two or three fat cells. (Fig. 49.) Such are the

Fig. 28.—From a Preparation of the Omentum of Guinea-pig.
a, An artery ; v, vein; ¢, young capillary blood-vessel ; 4, fat cells. (Atlas.)

nature and arrangement of fatty tissue in the sub-
cutaneous and submucous tissue, in the serous and
synovial membranes, in the intermuscular tissue, in
the loose tissue 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
filled with small oil globules, which, increasing in

A
b

numbers, become fused with one another to larger

globules ; as their size thus increases the cell nucleus

becomes shifted to the periphery; ultimately one

.
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large oil globule fills the cell, and what is left of the
cell protoplasm surrounds this oil globule like a
membrane. The cell as a whole has become in this
process many times its original size.

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
growth, and especially under very favourable condi-
tions of nutrition, the connective tissue cells become
increased by cell-multiplication so as to form groups;
these continue to increase in size and to be gra-

| dually 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,

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

In starvation the fat cells lose their oil 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, protoplasmic, slightly
branched cell.

47. In many places the fibrous connective tissue
includes, besides the fixed cells, others which show
amceboid movement. These are of two kinds: (1)
magratory or wandering cells. These are identical
with colourless blood corpuscles as regards size, shape,

aspect, and general nature (Fig. 24, m) They wander
about throucrh the spaces of the fibrous tissue,  Some of
them are shfrhtly larger, and possess one comparatively
large spherical nucleus. The amcaboid movement
of these cells is not so distinet as in the smaller
variety. (2) Llasma cells of Waldeyer. They are
larger than the former, less prone to migrating, being
pnssessed of only ahn'ht ameeboid mmgment which
1s, however, suﬂicient]y pronounced to be detectei
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They always contain coarse granules, which are com-

posed of a substance which is not fat, but something

between protoplasm and fat. They stain deeply in

dyes, and the corpuscles correspond to similar ‘“gra-

nular” corpuscles of the blood. These ¢ granules”
may change into fat globules, and thus the plasma
cell becomes transformed into a fat cell.

48. The wandering cells occur almost in all loose
fibrous tissues, chiefly around or near blood-vessels;
they are not numerously met with in the healthy
state, but increase greatly in the state of inflamma-
tion of the part. The larger kinds are met with
in certain localities only; in the sub-lingual gland
of the dog and guinea-pig they occur in numbers
between the gland tubes or acini. They are also
found in the mucous membrane of the intestine.

The plasma cells are met with chiefly in the inter- ‘

muscular tissue, in the mucous and sub-mucous tissue
of the intestine, in the trabeculae of the lymphatie
glands, and in the omentum.

49. Development.of fibrous tissuie.—Fibrous
connective tissue is developed from embryonic connec-
tive tissue cells, 7.e., from spindle-shaped or branched
nucleated protoplasmic cells of the mesoblast. The
former are met with isolated or in bundles, as in the
umbilical cord or embryonic tendon. The latter
form a network, as in the feetal skin and mucous
membrane. In both instances the protoplasm of the
embryonic connective tissue cells becomes gradually
transformed into a bundle of elementary fibrils,
with a granularlooking interstitial substance. The
nucleus of the original cell finally disappears. A
second mode of the formation of fibrous connective
tissue is this: the embryonic connective tissue cell,
while growing in substance, produces the fibrous tissue
at the expense of its peripheral part. A remnant of
the protoplasm persists around the nucleus.
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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
‘ ssociated with elastic fibres or yellow elastic tissue.
These are of bright aspect, of variable thickness and
length, branching
hnd anastomos-
iing soas to form
networks (Fig.
29)., They are
sometimes
straight, but
‘more often twist- -
ad and coiled.
The latter condi-

it is stretched.
{[hey donot swell
{ap in acids or al-
i H.r]llﬂ?r, or }?lﬂ%d a, Bundles of fibrous tissue; &, networks of elastic
elatin on boil- fibres. (Atlas.)

ing, but contain

2 chemically different substance, viz., elastin. When
broken their ends generally curl up.

91, Elastic fibres occur in great numbers as net-
works extending between the bundles of fibrous tissue,
1 the skin and mucous membranes, in the serous and
synovial membranes, and in the loose interstitial con-
aective tissues. They are not very commonly 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

Fig. 29,—From a Preparation of the Mesentery.
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connected into networks within the bundle, are to
be found in large numbers in the walls of the
alveoli of the lung, in the ligamenta flava, in the
licamentum nuchz of the ox (in which the fibres
are exceedingly thick cylinders), in yellow elastic car-
tilage (see below), in the endocardium and valves 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 elastie
fibrils densely connected into a network.

52. The following are special morphological modi-
fications of the elastic fibres: (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) Homogeneous elastie
membranes, which surround, as a delicate sheath, the
connective tissue trabecul: in some localities, e.g.,
subcutaneous tissue. (¢) Homogeneous-looking elastie
membranes in the cornea, behind the anterior epithe-
lium as Bowman’s anterior elastic membrane, and ab

the back of the cornea as elastica posterior, or

Descemnet’s membrane ; in the latter bundles of minute
fibrils have been observed. (d) Elastic trabeculae
forming 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 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 Lymphatic glands.) The reticulum

1s not fibrous connective tissue nor elastic tissue; it

contains nuclel in the young state, and is derived from
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network of branched cells; but in the adult state
he reticulum itself possesses no nuclei. Those found
n it do not form an essential part of it.

(2) The neuroglia of Virchow is a dense network
f very fine homogeneous fibrils which form the sup-
sorting tissue for the nervous elements in the central
ervous system. These fibrils are supposed to be
lastic fibres (Gerlach). Embedded in the network of
hese fibres are found branched nucleated flattened
ell plates, which are the proper connective tissue cells.

(3) Gelatinous tissue. This occurs chiefly in
he embryo, being the wunripe state of fibrous
sonnective tissue. It consists of spindle-shaped or
oranched connective tissue cells, separated from one
wother by a homogeneous transparent mucoid sub-
tance. It is met with in the umbilical cord and in
che cavity of the middle ear of the embryo, and in
che places where fibrous connective tissue is to be
leveloped. After birth it is found in the tissue of
the pulp of the teeth, and in some places as precursor

of fat tissue. [Ii o

——y

| CHAPTER VL

CARTILAGE.

54. Cartilage consists of a firm ground substance
which yields chondrin, and of cells embedded in it.
Most cartllaaes (except on the articulating surface)
;a.re covered on their free surface with a membrane
f fibrous connective tissue with a few elastic fibrils.
his membrane is supplied with blood-vessels, lym-
Jphatics, and nerves, and is of essential importance for
‘the life and growth of the cartilage. This is the peri-
chondrium. There are three varieties of cartilage.

——gr R
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(1) Hyaline cartilage (Fig. 30a). This occurs
on the articular surfacés 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 lateral carti-
lages of the nose; and in

cartilages of the larynx.
The ground substance is
hyaline, 2.e., transparent,
like ground - glass, and
firm. The cells a8

plasmic corpuscles, each
i with one or two nuclel,
Fig. 30A.— Hyaline Cartilage They 111'1d61‘gﬂ diViSiﬂl‘l,-i

Human Trachea,
In the hyaline ground substance are ELII{I] ﬂlthﬂugh th'E'- two 'D'&:'

seen the cartilage cells enclosed in Spl"iﬂg are at ﬁI‘Et- CIGBB .

capsules. 2
together (half-moon-like

in optical section), they radually grow wider apart
by the deposit of ]:}ra,hne ground substance between

them. The cells are contained in cavities called the

cartilage lacunce. Each cell generally occupies one
lacuna, but according to the state of division a lacuna
may cnnta,ln two, ft::ur six, or eight cartilage cells;
the latter are those cases in which division pt"ﬂeeeda
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 perichondrium
showsmostactivegrowth ; hem‘:e the cellsare heresmaller,
_closer together, and there is less oround substance.
Each lacuna is lined by a delicate membrane, and;-

according to the state of the cell, is either com-
pletely or partially filled out by it. This membrane
is called the capsule (Iig. 304). In many cartilages,

especially in growing cartilage, it is thickened by the ad-

the thyroid and cricoid

spherical or oval proto-

I
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dition of a layer or layers of hyaline ground substance ;
this is the most recently-formed part of the matrix, but
is still distinet
rom the rest of
e ground sub-
stance.

- 56. Insome
places, especi-
ally in articular
cartilage (Till-
- imanns, B&b&l‘),
~ bundles of fine
onnective
tissue  fibrils
may be noticed N —F A
i the hyaline A

bround sub-  Fig 305.—From a Prepamtmn n:-f the Sternal
stance. ) Cartilage of a Newt.

The lacunm®, containing the cartilage cells, anastomose
57- In some : by fine channels. ;

partilages, the
~ protoplasm of the cell becomes filled with fat globules
(Fig. 30c). This fact may be observed in many “normal
cartilages ; sometimes the fat globules
become confluent into one large drop,
and then the cell has the appearance of
a fat cell. In age, disease, and defi-
cient nutrition, lime salts are deposited
in the ground substance, beginning
from the circumference of the cells.
The earthy matter appears in the shape
Dol of opaque granules, or irregular or
with Fat Droplets. angular granules. The ground sub-

From the hyaline 5
cartilage of the stance thereby loses its transparency,

Guineanig.— ©  becomes opaque in transmitted, white
in reflected, light, and, of course, very
hard and brittle. This process is the caleification of

cartilage. It is also met with in cartilage that is to be
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ceplaced by bone, being the precursor of the formation
of bone, as in the embryo (see below), and at the
growing ends of long bones.

58. The multiplication of the cartilage cells has
been observed during life by Schleicher and Flemming.
It takes place after the mode of karyokinesis. The
lacunz of the cartilage are not isolated cavities, but
are connected with one another by fine channels (Fig.
30B), so that the ground substance is easily permeable
by the current of nutritive fluid. These channels and
lacunse make one intercommunicating system, and are
connected with the lymphatics of the perichondrium |
(Budge). Formed matter, as pigment granules, red
and white blood 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 it is
joined to the synovial membrane and 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 1s a peculiar hyaline cartilage, known as
the wntermediate or ossifiying. Its cells are arranged
in characteristic vertical rows, owing to the continued
division of the cells in a transverse 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 cellular.

60. (2) Fibro=cartilage, or connective tissue car-
tilage, occurs as the intervertebral discs, as the inter-
articular car tilages, sesamoid cartilages, and as that
forming the margin of a fossa glenoidalis. /% consists i
ﬁbmu& connective tissue arranged in bundles, and these |

=L s
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in layers. The ground substance of this carti-
lage is sald (1) to
yield chondrin and
finot gelatin. Be-
12| tween the strata of
ithe fibrous bundles
are rows of more or
less flattened oval
{ protoplasmic  nu-
cleated cells, each
s iinvested 1n a deli-
cate capsule(Fig.31).
They are less flat-
#itened than the cells
» of tendon, and the i e LT s
gapgu]_e distinguishes Fig. 31.— Fibro- Cﬂ.rtlla.ge of an Interver-
the two. Wherefibro- : o
L § Showing the bundles of fibrous tissue and rows
cartilage passes into of cartilage cells. (Atlas.)
tendinous tissue,
the two kinds of cells pass insensibly into one another.
61. (3) Yellow, or
elastic cartilage.
This variety is also called
reticular ; it occurs in the
epiglottis, in the external
ear,inthe Eustachian tube,
in the cartilages of Wris-
berg and Santorini in the
larynx. In the early
stage this kind is hyaline.
Gradually numbers of
- elastic fibrils make their
Fls & oo ;Sﬁﬁign ﬂn‘ﬂugh aﬁpearaqi:e, gTowir?g fintt}
e & b e (he cartilago matr from
e il (Ariass e perichondrium in a
more or less vertical diree-
ion, and branching and anastomosing with one
E—1
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another. The final stage is reached when the ground
substance is permeated by a dense network of elastic
Jibrils (Fig. 32), 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 hyaline ground substance.

CHAPTER VIL
BONE.

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

(a) The periostewmm.—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. It consists in most instances of
an outer fibrous layer, composed of bundles of fibrous
tissue densely aggregated, and an inner, or osteogenetic |
layer, which is of loose texture, consisting of a mesh-
work of thin bundles of fibrous ¢issue, in which nu-
merous blood-vessels and many protoplasmic cells are
contained. The blood-vessels form by their capillaries |
a network. The cells are spheroidal or oblong, each |
with one spherical or oval nucleus. They ha.ve to
form bone-substance, and are therefore called the osfeo-
blasts (Gegenbaur).

(b) The cartilage is hyaline cartilage, and its
distribution on and connection with bone have been
mentioned above on pp. 46 and 48.

63. (¢) The marrow of bene is a soft vascular
tissue, filling up all spaces and cavities. It consists
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of a very small amount of jfibrous tissue as a matrix,
and in it are embedded numerous blood-vessels and cells.
The few afferent arterioles break up into a dense net
work of capillaries, and these are continued as plexuses

" lof veins, characterised by their 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 structure, the tissue of the osteo-
genetic layer of the periosteum and the marrow are
identical. In the embryo, the marrow is derived
from an ingrowth of the osteogenetic layer of the
periosteum (see 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

‘i
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in the same way as the osteogenetic layer of the peri-

osteum is in that of the surface; and in both tissues
the highly vascular condition and the cells (osteoblasts
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

- bhe condition of the cells. If many or most of these

are transformed into fat cells, it has a yellowish aspect,
and 1s called yellow marrow ; if few or none of them
rave undergone this change, it looks red, and is called
ed marrow. In the central, or marrow, cavity of the
shaft of tubular bowes, 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, 1t is red.
& The cells, especially those of red marrow, are the
tlements from which normally vast numbers of red
dlood-corpuscles are formed, as has been mentioned on
1 former page.

In marrow, particularly in red marrow, we meet
vith huge multi-nucleated cells, called Myeloplaxes of
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Robin. They are derived by overgrowth from ordinary
marrow cells, and are of importance for the absorption!
and formation of bone (see below). According
Heitzmann, Malassez, and others, they also have
do with the formation of blood-vessels and blood-
corpuscles.
64. The matrix of osseous substance is dense
fibrous connective tissue, 2.e., a tissue yielding gelatin
on boiling. The cement substance between the fibrils|
is petrified, owing to a deposit of insoluble inorganie
lime salts, chiefly carbonates and phosphates. These
can be dissolved out by strong acids (hydrochlorie).
and are thereby converted into soluble salts. Thus
the organic matrix of osseous substance—called osseun
—may be obtained as a soft flexible material, easily
cut.
The bone substance is in the adult state generally
lainellated, the lamellee bemg of microscopic thinness.!
Between every two.
lamelle are num-
bers of isolated,
flattened, oblong
spaces—the  bone!
lacunce (Fig. 33),
which anastomose
by numerous fine
canals with one
another, and also!
o : with thnse of the
Fig. 83.—0sseous Lamelle; oblong branched next lamella a,bfma
Pifcllea:;}ft}cuum and canaliculi between them. ohd el TEBi
appearances ﬂurﬂ

very similar to those presented by the lacunz and{
canaliculi containing the corneal corpuscles, as des-

cribed in Chapter V. 21
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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 cell, which,
" however, does not fill it completely. In the young state,
“ Ithe cell is branched, the branches passing into the
| canaliculi of the lacune ; but in the old state very few
" | processes can be detected on a bone cell, which, with
- its lacuna and canaliculi, is called a bone corpuscle.

g 66. According to the arrangement of the bone
| substance, we distinguish compact from spongy sub-
stance. The former occurs in the shaft of tubular
bones and in the outer layer of flat and short bones.
“ | Its lamellee are arranged as: (a) concentric or Haversian
lamellee, directly surrounding the Hawersian canals
(Fig. 334). These are narrow canals of varying
lengths pervading the compact substance in a longitu-
dinal 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, until
finally they are fused with the marrow cavity. Each
Haversian canal contains 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 peri-
osteum, and they form the means by which the latter
© |remains in continuity with the marrow. Kach canal
is surrounded by a series of concentric bone lamelle,
L wnth the bone corpuscles between them, and this is a
- system of concentric lamelle. Near the external sur-
+ | face of the compact substance the number of lamellse
| in each system is smaller than in the deeper parts.
© 1 (b) Between these systems of concentric lamelle are
| the wntermediate or ground lamelle ; they run in various

S
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directions, and in reality fill the interstices betweer
the systems of the Haversian or concentric lamells
Near the external surface of long bones they have pre-
eminently a direction parallel to the surface. These ar
the circumferential lamelle of Tomes and de Morgan

Fig. 33a.—Compact Bone Substance in Cross Section.

a, Concentric lamell® arranged around the Haversian canals, cut across
b, intermediate or ground lamell:e, The bone lacunz: are seen between t
bone lamell®, (Atlas.)

The lamellee of compact bone are perforated by per
pendicular petrified fibres, the perforating fibres o
Sharpey. They form a continuity with the fibres ¢
the periosteum, from which they are developed.

Some of these fibres are smaller than the rest, and
of the nature of elastic fibres. .

67. Spongy bone substance occurs in the end of th
shaft, in the apophyses, in short bones, and in thi
diploé of flat bones. The cavities or meshes of th
spongy substance are called Haversian spaces or ecar
celli; they intercommunicate with one another, and ar
filled with marrow, which in the young and growin
state 1s generally of the red variety. The firm par
form spicules and septa, called bone trabecula

&
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of varying length and thickness, and composed of
lamellze of bone substance.

According to the arrangement of the trabeculz,
the spongy substance is a uniform honey-combed sub-
stance, or appears longitudinally striated, as in the
end of the shaft. In the latter case the marrow spaces
are elongated and the trabeculee more orless parallel, but
anastomosing with one another by transverse branches.
68. Development of bone.—DBone is developed
in the embryo, and continues to be formed also after
irth as long as bone grows, either in the cartilage, or
independently of this directly from the osteogenetic
yer of the periosteum. The former mode is called
endochondral, the latter periosteal, or intermembranous
formation.

All the bones of the limbs and of the vertebral
column, the sternum, and the ribs, and the bones
forming the base of the skull, are preformed in the
early embryo as solid hyaline cartilage, covered with
a membrane identical in structure and function with
the periosteum, which at a later period it becomes.
The tegmental bones of the skull, the bones of the face
with the lower jaw, except the angle, are not pre-
formed at all. Only a membrane identical with the
future periosteum is present, and underneath and
from this the bone is gradually deposited.

69. Emndochondral 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 proceeding in all directions, the cartilage
becomes permeated by numbers of channels (cartilage
channels) containing prolongations (periosteal processes
of Virchow) of the osteogenetic layer of the periosteum,
2., vessels and osteoblasts, or marrow cells. This is
the stage of the vascularisation of the cartilage. In
the next stage (3) the cartilage bordering on these
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channels grows more transparent, the lacunz becoming
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Fig, 34.—Longitudinal Section through the
entire Faetal Humerus of a Guinea-pig.

a, Periogteum ; b, hyaline cartilage of the epiphysis ; -
¢, iIntermediate cartilage at the end of the shaft ;
d,zone of calcification ; e, periosteal bone,spongy ;

J, endochondral bone, spongy.

enlarged and the
cartilage cells more
transparent. The lat-
ter gradually break
down, while the in-
tercellulartrabecula
become calcified;
the lacunz them-
selves, by absorp-
tion, fusing with the
cartilage channels.
These latter there-
by become trans-
formed into erregu-
lar cawvities, which
are bordered by
projecting trabecule
of calcified carti-
lage. 'The cavities
are the primary
marrow cavities,and
they are filled with
the premary or car-
tilage marrow, i.e.,
blood - vessels and
osteoblasts, derived,
asstated above, from
the osteogenetic
layer of the peri-
osteam.  (4) The
osteoblasts arrange
themselves by ae-
tive multiplication
in a special layer
on the surface of the

calcified cartilage trabecule projecting into, and ber-
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dering the primary marrow cavities. The osteoblasts
form bone substanee, and as this proceeds, the calcified
cartilage trabeculw become gradually ensheathed and
covered with a layer of osscous substance,—the osseous
matrix and branched bone corpuscles. Thus the
original cartilage gradually assumes the appear-
ance of a spongy substance, in which the cavities
(primary marrow cavities) are filled with the primary
marrow, and are of considerable size, while the
trabeculee bordering them are calcified cartilage
covered with layers of new bone. The marrow cells,
or osteoblasts, continue to deposit bone substance on
the free surface of the trabeculs, while the calcified
' cartilage in the centre of the trabecul® gradually
becomes absorbed.

70. The nearer the centre of ossification, the
more advanced is the process, 7.e., the more bone the
less calcified cartilage is found in the trabecule,
and the thicker the latter. At the “centre of ossifi-
cation,” i.e.,, whence it started, the process is farther
advanced ; away from 1, it 1s in an earlier stage.
At this period of embryo life, between the centre of
ossification and a point nearer to the extremity 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 calcified
cartilage in the middle of the shaft, all intermediate
stages occur (Fig. 34).

71. After birth, and as long as bone grows, we
find in the end of the shaft, and also in the epi-
physis, a continuation of the process of endochondral
formation described above. In fact, all bones pre-
formed in the embryo as cartilage grow in length
before and after birth by endochondral formation
of new bone. The hyaline cartilage at their ex-
tremities (intermediate or ossifying cartilage) is the
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cartilage at the expense of which the new bone is |
formed, by the marrow (blood-vessels and marrow-
cells or osteoblasts) of the spongy substance in con-
tact with the cartilage. ¥ |

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

Fig. 35.—From a Transverse Section through the Tibia of Feetal Kitte: L.

a, Fibrous layer of the periostenm; », osteogenetic layer of the periosteum*
e, periosteal bone: d, calcified cartilage not covered &’E“ by hone; below this
layer the trabeculse of calcified cartilage covered with plates of bone—
Ehaded &a{lklrlm the figure ; e, boundary between periosteal and endochondral

one. as,
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but becomes gradually absorbed altogether, and this
process also starts from the points of ossification. Thus
a continuous cavity filled with marrow is formed, and
this first appears in the region of the centre of ossifi-
cation, and represents the rudiment of the future
continuous central marrow cavity of the shaft. Simul-
taneously with or somewhat previous to this absorp-
tion of the endochondral bone, new bone—spongy
bone—is deposited directly by the osteogenetic layer
of the periosteum on the outer surface of the en-
dochondral bone. This also commences at the centre of
ossification and proceeds from here gradually to further
points. This is the periosteal bone (Figs. 34, 35). Itis
formed without the intervention of cartilage directly
by the osteoblasts of the osteogenetic layer. And as
fresh layers of osteoblasts multiply on the surface of
the periosteal bone, new layers of bone trabecule
are formed, and the old trabeculee become increased
in thickness. In the meshes or Haversian spaces of
this spongy periosteal bone the same tissue is to be
found as constitutes the osteogenetic layer of the
periosteum, the one being derived from and con-
tinuous with the other.

In these Haversian spaces concentric lamelle of
bone substance become formed by the osteoblasts, and
spongy 1s thus transformed into compact bone, while
at the same time the Haversian spaces, being nar-
rowed in by the deposit of the concentric lamellze, are
transformed into the Haversian canals. When this
compact bone is again absorbed, e.g., that next the
medullary cavity of the shaft of a long bone, the
concentric lamellee are first absorbed, the Haversian
canal being in this way widened out and again trans-
formed into a Haversian space.

73. At birth all the primary endochondral bone

| has already disappeared by absorption from the centre

of the shaft, and the bone present is all of periosteal



6o ErenveEnvrts or Historogy. [Chap. VII,

origin. At the extremity of the shaft, however, the

Fig.
Eemur of Rabbit, through the part in
which the intermediary cartilage joins
the end of the shaft.

a, Intermediary cartilage; b, zone of caleified
cartilage; ¢, zone, in which the ecaleified
trabecul®e of cartilage become graﬂua,llﬁ in-
vested in osseous substance, shaded light in
the fizure; the spaces between the trabeculs
contain marrow, and the capillary blood-
vessels are seen here to end’in loops; &, 1in
this zone there is more hone formed : the
greater amount the farther away from this
zone., (Atlas.)

as the periosteum reaches, e.g., to the margin of

articular cartilage.

spongy bone is all |
endochondral bone,
and it continues to
grow into the inter-
mediate cartilage as
stated above, so long
as the bone grows as
a whole (Fig. 36).
Of course the parts
of this spongy bone
nearest tothe centre
of the shaft are the
oldest, and wulti-
mately disappear by
absorption into the |
central medullary |
cavity. In the epi- gl ’.
physis the spongy |
bone is also endo-
chondral bone, and
its formation is con-
nected with the deep
layer of the articu-
lar cartilage. i

Underneath the
periosteum and on
the surface of the
spongy  endochon-
dral bone at the
extremity of the
shaft, the periosteal
bone is represented A
only by a thin layer,
extending as far

- e

Lo
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74, Intermembranous formation.—All
bones not preformed in the embryo as cartilage are
| developed directly from the periosteum in the manner
| of the periosteal bone just described (Fig.37). Here also

Fig, 37.—A small mass of Bone Substance in the Periosteum of the
Lower Jaw of a Human Foetus,
| &, Dsteogenetic layer of lpericrsteum ; b, multi-nucleated giant cells, myeloplaxes.
! The one in the middle of the upper margin is an osteoclast, whereas the
smaller one at the left upper corner appears concerned in the formation of

bone. Above ¢ the osteoblast cells become surrounded by osscous substance
and thus become converted into bone-cells. (Atlas,)

the new bone is at first spongy bone, which it its inner
| layers gradually becomes converted into compact bone.
In all instances during embryonic life and after
| birth the growth of a bone in thickness takes place
after the manner of periosteal bone; this 1s at first
spongy, but is gradually converted into compact bone.

75. All osseous substance is formed in the embryo
land after birth by the osteoblasts, or marrow cells
(Gegenbaur, Waldeyer) : each osteoblast giving origin
to a zone of osseous matrix, and remaining in the
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centre of this as a nucleated protoplasmic remnant,
which gradually becomes branched and transformed
into a bone cell. The osseous matrix is at first a sofb
fibrillar tissue, but is gradually and uniformly im-
pregnated with lime salts. This impregnation always
starts from the centre of ossification.

76. Wherever absorption of calcified cartilage or of
osseous substance is going on, we meet with the multi-
nucleated huge protoplasmic cells, called the myelo-
plaxes of Robin. Kolliker showed them to be impor-
tant for the absorption of bone matrix, and called
them therefore Osteoclasts (Fig. 37). For cartilage they
may be called Chondroclasts. When concerned in the
absorption we find these myeloplaxes situated in
smaller or larger pits, which seem to have been pro-
duced by them ; these absorption pits or lacunz on the
surface of bones are called Howship’s lacunce. They
invariably contain numbers of osteoclasts. It can,
however, be shown that myeloplaxes are also con-
cerned 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 feetal jaw
this process is seen with great distinctness (Fig. 37).

77. 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. It is 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
embryonal connective tissue—viz., by the tissue of the
embryo tooth papilla—and inasmuch as cells are con-
cerned 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 distribution will be
described in connection with the teeth.




CHAPTER VIIL

NON-STRIPED MUSCULAR TISSUE.

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

The cells are elongated, spindle-shaped, or band-like
(Fig. 384),and drawn out at each extremity into a longer
or shorter, generally single but occasionally branched,
tapering process. Each cell includes an oval mwfﬂrs

olis -{—:"—' ==

Fig. 38a.—Non-striped Muscular Fibres, isolated.

The cross-markings indicate corrugations of the elastic sheath of the individual
fibres. (Atlas)

which is flattened if the cell it belongs to is flattened.
The cell-substance is a pale homogeneous-looking or
itudinally striated substance.
During extreme contraction the nucleus may be-
e more or less plicated, so that its outline becomes
Vy or zig-zag.

It has been shown by Klein in certain preparations,
g-, the non-striped muscle cells of the mesentery of
newt, that each muscle cell consists of a delicate
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elastic sheath, inside of which is a bundle of minu
Jibrils, which cause the longitudinal striation of the ce
These fibrils are the contractile portion ; and they
contractile towards the nucleus, with whose intra
clear reticulum they are 1111;11113.1:1913.:r connected. Wh n
the cell is contracted its sheath becomes transversel
corrugated (Fig. 38s). &

79. The non-striped muscular cells are aggregated
into smaller or larger bundles by an interstitial albu-

_4_.'1 4-!-" E, e
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Fig. 388.—A Non-striped Muscular Cell of Mesentery of Newt.

Showing several places where the muscular substance aﬁpeutrs contrac F
thickened. At thes¢ places the corrugations of the sheath are marked.
(Atlas.)

* iyl _-_t".‘u-'-." e

minous homogeneous cement substance, the cells being
imbricated with their extremities. The bundles may
form a plexzus, or they may be aggregated by fibrous
connective tissue into larger or Sma.ller groups, and
these again into continuous masses or membranes. 'j
the muscular coat of the bladder, in the choroidal
portion of the ciliary muscle, in the arrector pili, in the
muscular tissue of the scrotum, very well marked
plexuses of bundles’of non-striped muscular cells may
be met with. In the muscularis mucose of the |
stomach and intestines, in the outer muscular coat of
the same organs, in the uterus, bladder, &e., occur
continuous membranes of non-striped muscular 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
fﬂll{wnng places : in the muscularis mucosz of th
esophagus, stomach, small and large intestine ; in
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) muscular coat of the lower two-thirds or half
of the human cesophagus ; 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
= |the ureter, bladder, and urethra; in the tubules of
\the epididymis, in the vas de- _
ﬁen?: vesﬁculm seminalis and @?{ﬂ"lﬁ
| prostate ; in the corpora caver- e O
ﬂ, and spongiosa; in the @,%%Q'@@ ¥
| tissue of the ovary, and in the @;@'}, . ~.%@§
|broad ligament; in the mus- @ %@@;
lcular coat of the oviduct, the o & L
luterus and vagina; 1in the & &
|posterior part of the wall of 3
ﬂ_l& tl‘&ChE&; 1n t}lﬁ ]B.I"gE and Fiz. 39.—Frene a Transverse
{small bronchi, in the alveolar Eff}ffé?‘;%‘}ﬁ?‘iﬂ?f}ﬁﬁ
d;l‘fs E_l'ndi‘;h hlfl;ﬂdlbﬂl&] ﬂ'f t‘ile 'I‘];;;:p‘:s&culgae‘]:latbeirégapigf{h-
ng ; 1n the pleura pulmonails  ifits;*the Taree corpuscies
(guinea-pig) ; in the peritoneum Efsff’&'ii?_%%‘.;%‘iﬁiﬁ‘i?ﬁﬂé‘miii
@ the froc and newt, in the iR "(iGa) ¢ ™
{upper part of the upper eye-lid,
and in the fissura orbitalis; in the sphincter and
| dilatator pupillze, and the ciliary muscle; in the
| capsule and trabecul® of the spleen, and the trabecul
of some of the lymphatic glands; in the arrectores
{pilorumn, and sweat glands of the skin, the tunica
dartos of the scrotum ; in the tissue 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 cystic duct. The aorta
and the arteries have a larger amount of non-striped
i muscular tissue, the veins and lymphatics less.
! 8l. As regards length, the muscular cells vary
within considerable limits (from {%; to =1, of an inch),
| those of the intestine, stomach, respiratory, urinary,and
genital organs being very long, as compared with
| those of the blood-vessels, which are sometimes only
F—1
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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. '

CHAPTER IX.

STRIPED MUSCULAR TISSUE.

82. Tuis tissue is composed of extremely long (up
to 11-2 inches) more or less cylindrical fibres, of a
diameter varying between 515 to 444 of an inch ; they
appear transversely striated. These are the striped
muscular fibres. They are held together by delicate
bundles of fibrous connective tissue, with the ordinary
connective tissue cells—endomysium—so as to form
larger or smaller bundles ; these again are aggregated
together by stronger bands and septa of fibrous con-
nective tissue—perimysium—into groups, and these
into the fasciculi or bundles of an anatomical muscle.
The fibrous connective tissue, including the perimysium
tissue, 1s the carrier of the larger vascular and nervous
branches. The endomysium contains the capillaries,
which 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. The small
vessels are provided here and there with peculiar saceu-
lar dilatations, which act as a sort of safety receptacles
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for the blood when, during a sudden maximal contrac-
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tion, it is pressed out from some of the capillaries.

83. Hach 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, gradually and rapidly, shifting along

the fibre, the part behind resuming its previous diameter.

84. When looked at in the fresh state, or after the
action of certain re-agents, the muscular fibre shows the
following parts
(Fig, 40) (1) a
transparent ho-
mogeneous deli-
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Fig. 40.—Stripsd Muscular Fibres of the Water-
Beetle (Hydrophilus).

a, Sarcolemma ; 3, Krause's membrane. The sarcous

c]emﬁnts are well seen.
the musecle-corpuscles are shown.

In A the oblong nuclei of
In B the =arco-

lemma has hecome unnaturally raised from the mus-
cular contents. The contractile dises are well shown :

&0 also are the sarcous elements,

(Atlas.)

der a high power they seem permeated or broken up by
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a great number of fine, clear, longitudinal lines (see be-
low), and. therefore under these conditions seem to be
made up of one row of granules. The membranes of
Krause appear fixed to the sarcolemma, so that while
a fibre contracts, or while it i1s contracted or shrunk,
owing to the action of hardening re-agents, or merely
in consequence of being detached from its fixations, its
surface 1s not smooth, but regularly and transversely
undulating, the valleys being caused by the attachment
of the membranes of Krause to the sarcolemma,
On stretching a fibre beyond 1its naturai passive state,
the surface becomes also uneven and undulating, but
in a reverse manner from the above,

85. These {wo membranous structures represent,
as 1t were, the framework. In the muscular com-
partments is contained the muscular substance, which
again consists of (a) the contractile or chief substance
(Rollett), which is a dim, broad, hLighly refractive, !
doubly refractive disc, occupying the greater part of a |
compartment, except a thinner or thicker layer at the
side of Krause’s membrane. This layer i1s (6) a trans-
parent homogeneous fluid substance, forming the lateral |
disc of Engelmann, or the secondary substance of
Rollett. 1t is isotropous. In this lateral disc occas
sionally a transverse row of granules appears present, |
but this is by no means of constant occurrence. The |
contractile dise seems homogeneous, but is in reality |
composed of prismatic or mdushaped elements, the sar-
cous elements of Bowman, each being as long as the con- §
tractile dise. They are very close together, but there is §
left between them in the fresh and living state an ex- |
ceedingly minute layer of a homogeneous transparent |
interstitial substance, identical with that of the Jateral §
dise.  After death and shrinking of the sarcous |
Elements, this interstitial substance is more marked, |
and is then easily perceived as longitudinal clear !
lines separating the sarcous clements in the 111d1
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\vidual compartments. The total appearance pro-
duced is that of longitudinal striation, the sarcous ele-
ments of successive compartments forming fibrils—
called the primitive fibrils. Sometimes in hardened
muscular fibres the substance of the sarcous elements
gshows a middle transparent portion for the whole
contractile disc; this appears to form a distinct
median transparency, known as the median disc of
Hensen.

86. Of course, each such fibril is a successive row
of sarcous elements, with the corresponding portion of
Krause's membranes, and the adjacent portions of the
lateral discs. Generally, each fibril is thinnest at the
point of Krause’s membrane and lateral discs, and
thicker at the part corresponding to the sarcous ele-
ments, so that in reality it is of a moniliform shape
(Hayeraft). This varicose condition is the more appa-
rent the shorter and thicker the individual sarcous
elements are (Fig. 434, B and c¢).

These differentiations due to structure alone are
sufficient to produce a transverse striation of the mus-
cular fibres; but it must be borne in mind that a fibre
when contracted or shrunk, even in the smallest degree,
would show a transverse striation due to the above-
mentioned undulating surface. Any other fibre with a
moniliform shape would show the same transverse
striation (Haycraft) ; and that usually observed on
| hardened—i.e., shrunk and more or less contracted
fibres, may be accounted for in this way. Fibres
stretched or prevented from shrinking generally show
pronounced longitudinal striation, but also very faint
cross strise ; these latter are due to the structural
differences.

87. On observing a transverse section through a
fresh and living muscular fibre, the muscular substance
inside the sarcolemma appears as a transparent ground-
glass-like substance, crossed here and there by bright
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lines. These lines gradually increase in number, and
to join that ultimately they form a dense network.
Thus a more or less regular pattern of small polygonal
fields is produced, which are styled Cohnheim’s areas or
fields (Fig. 41). Each corre-
sponds to the end-view or
optical section of a sarcous
element prism, and is granu-
lar, as if composed of a
bundle of minute fibrils.
If this be the -case, h
sarcous element will have ﬁ
be considered as a bundle
of rods. The bright lines
producing the Cohnhe
Figz, 41. — Btriped Muscular fields are the intersti
Fibres in Cross Section. substance. When a mus
RS SR Ay fhre shrinks, ofer doll
e e or after some hardening
agents, Cohnheim’s fie
shrink into small circular areas, separated by a
tively large amount of the interstitial substance.
88, During contraction the cross striation is muel
narrower, the dim disc becoming shorter in the lo
diameter of the fibre, but broader in the transverse
direction. w
The broader the lateral disc in a fibre, the more
apart from one another are the dim or contract
dises. o
On the surface of the substance of the mus
fibres, but within the sarcolemma, are seen isolat
oblong nuclei, which belong to small protoplasm
more or less branched corpuscles—the muscle e
puscles. In the adult fibres these are few and
between ; in the young and growing fibres they &
numerous and large. Their protoplasm is the
stance which, becoming converted into the mus




| Chap. 1X.] S7RIPED MUscuL4ar TISSUE. nI
!

| substance, is the material at the expense of which
new fibres are formed, or fibres already formed
become thickened, as is the case when muscle fibres
are kept at constant work,

In the muscular fibres of man and most verte-
brates (except the fibres of the heart), the muscular
corpuscles are situated on the surface of the muscular
substance ; but in invertebrates (especially insects and
crustacea) they are often found in the central part
of the fibres, and here they are occasionally seen

| forming almost a continuous cylindrical mass of nu-
| cleated protoplasmic cells.

89. In the embryo the muscular fibres are de-
veloped from spindle-shaped nucleated cells (Remalk,
Weissmann, Kolliker). One spindle-shaped cell with
an oval nucleus grows rapidly in length and thick-
ness, its nucleus divides repeatedly, and the offspring
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Fig. 42.—A BStriped Muscular Fibre of the Diaphragm of a
Guinea-pig,

The muscle-corpuscles are much increaged in size and numbers; they are
probably used here for the new formation of museular substance. (Atlas.)

become shifted from one another as the cell con-
tinues to grow in length. The protoplasmic sub-
| stance all along one side of the cell gives origin to
| the muscular substance—sarcous elements and lateral
| disc—while a small rest of protoplasm remains col-
lected around the nucleus as the muscle corpuscle.
This protoplasm continues to increase in amount,
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and then the increment again changes into muscular
substance (Fig. 42). In this way the muscular fibre
increases in thickness. Thus one spindle-shaped '
embryo cell gives rise to one muscular fibre, which,
at first very slender, continues to grow in thickness
by the active growth of the muscle corpuscles. The
sarcolemma appears. to be formed from
cells other than muscle cells,

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 excep-
tional cases—e.g., in the tongue ; here
the extremities of the muscle fibres,
passing in a transverse direction into
the mucous membrane, become richly
branched. _

91. Muscular fibres terminate in
tendons, either by the whole fibre passing
into a bundle of connective tissue fibrils
(Fig. 43), or by the fibre ending abruptly
with a blunt, conical end, and becoming
here fixed to a bundle of connective tissue
fibrils. The individual fibres have only,
as has been mentioned above, a limited

length, so that, following a fasciculus
N iima Mus. from one point of its insertion to
e tite the other, we find some muscle fibres
s o terminating, others originating. This
Termination i taKeS place in the following way : the
Tendon.(Hand-  contents of a fibre suddenly terminate,

while the sarcolemma, as a fine thread,
becomes interwoven with the fine connective tissue
between the muscular fibres.

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

||III:::{:| .
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from other striped muscular fibres in the following
respects :—(1) They possess no distinct 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 divid-
into smaller
fibres and form-
ing a close net-
work (Fig. 434.) A
transverse section
through a bundle
of such fibres
shows, therefore,
their cross sections
irregular in shape
and size. (4) Each
nucleusof a muscle
|corpuscle occupies
the centre of one
- |prismatic portion ;
leach fibre and its
branches thus
appear composed
of a smgle row of Fig. 43a.—Striped Muscular Fibres of the

such prismatic Heart,

1 A, Showing the branching of the fibres and their
Pﬁl’t-lﬂllﬁ_, and the}f anastomosis in networks; B, part of a thin fibre,

. highly magnifled, showing the moniliform
seem  separated DN AN, A One® prhmitive Abrila

from one another  morehighly magnifled.

—at any rate in an

early stage—by a septum of a transparent substance.

| 93. Some muscular fibres are either markedly pale
or markedly red (Ranvier); in the former (eg.,
tquadratus lumborum, or adductor magnus femoris
‘lof rabbit) the transverse striation is more distinct
land the muscular corpuscles less numercus, than
in the latter (e.g., semi-tendinosus of rabbit,
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diaphragm). Tere the longitudinal striation appears
very distinct, but these differences are not constant
in other muscular 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 coin-
ciding with the long axis of the fibres. The lateral
disc and interstitial substance are isotropous, the sar-
cous elements (DBriicke) and Krause’'s membrane
(Engelmann) are doubly refractive. The sarcous ele-
ments are, however, not the ultimate optical elements,
but must be considered as composed of hypothetical
disdiaclasts, the real doubly refractive elements
(Briicke).

CHAPTER X.

THE HEART AND BLOOD-VESSELS.

95. (o) Tur heart consists of an outer serous W
covering (the wisceral pericardiwm), an inner lining
(the ﬂﬂff(:vcm divwm), and between the two the muscular
wall (Fig. 44).  Underneath the pericardium and en-
docardium is loose connective tissue, called subperi-
cardial and subendocardial re%pectwely

The free surface of both the pericardium and
endocardium has an endothelial covering, like other
serous membranes, ze., a single layer of transparent
nucleated cell plates of a more or less polygonal or
irregular shape. The ground-work of these two mem-
branes is fibrous connective tissue, forming a dense
texture, and in addition there are many elastic fibres
composing networks. Capillary blood-vessels, lymphatie

i
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. vessels, and small branches of nerve-fibres are met
with everywhere. The subpericardial and subendo-
cardial tissues consist of loosely connected trabeculee
of fibrous connective tissue, continuous with the
intermuscular connective tissue of the muscular part
of the heart. The
former containg in
many places groups
of fat cells.
96. On the free XA AT %%@w o
surface of the papil- &?ﬁ &g a»@rfﬂw@f g%ﬁ‘f* e c@\\; %
muscles, in some ﬂ"“ﬁ a;%-ﬂ%’ »E\\@ @%iﬁ%%%
rts of the surface 34
of the trabecule
carnez, and at the
insertion of the
valves, the endocar-
dium 1is thickened
by tendinous con-
nective tissue. The
valves  themselves
are folds of the en-
docardium, and con-
tain fibrous connec- Fig. 44. —Transverse Section through the
tive tisaue, to whi Gh, Auricle of the Heart of a Child.

. . e, Endothelium lining the endocardium; &, en-
ESPEGIHH}" imn the doeardimm ; e, muscular bundles cut trans-
semilunar  valves,  dimaily; o Tngenlar bubdles eut loseli-
numerous elastie
fibres are added. The muscular tissue of the wall
of the auricle penetrates a short way into the auriculo-
ventricular valves.

All the cordse tendines and the valves are of course
covered on their free surfaces with endothelium.

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

The fibres of Purkinje are peculiar fibres occurring
in the subendocardial tissue in some mammals and

P |
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birds (not in man). They are thin, transversely striped,
muscalar fibres, the central part of which is a con-
tinuous mass of protoplasm, with nuclei at regular
intervals, the same as is the case with some skeletal
muscular fibres of insects.

97. The muscular fibres forming the proper wall
of the heart, the structure of which has been described
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 lamellze,

Like other striped muscular fibres, those of the
wall of the heart are richly supplied with blood-vessels
and lymphatics. The endocardium and valves and the
pericardium possess their own systems of capillaries.

The lymphatics form a pericardial and an endo-
cardial network, the muscular substance of the heart
having numerous lymphatics in the shape of lymph
spaces between the muscular bundles, and also typical
networks of tubular lymphatics.

98. The nerve branches of the 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 (Lud-
wig, Bidder), and in the auriculo-ventricular septum
of the frog (Dogiel). In man and mammals numerous
ganglia are found on the subpericardial nerve branches,
chiefly at the point of junction of the large veins with
the heart, and at the boundary between the auricles
and the ventricles.

89. (B) The arteries (Fig. 45) consist of: (@) an
endothelial layer lining the lumen of the vessel ; (b) an
entvma consisting of elastic tissue; (¢) a media, con-
taining a large proportion of non-striped muscular cells
arranged chiefly in a transverse, 4.e., circular, manner ;
and (d) an adventitia composed chiefly of fibrous
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connective tissue, with an admixture of networks of
elastic fibres. _ _
(2) The endothelium is a continuous single layer
of flattened elon- e
gated cell plates. 1..=
(b)) The inti.
ma in the aorta

iS a very com-
plex structure,
consisting of an
innermost layer
of fibrous con-
nective  tissue,
which is the
“onmer longitu-
dinal Jfibrous
layer” of Remak,
outside of which
15 a more or less

o1 1 g
lﬂll,_., ttudinall Y Fig. 45,—From a Transverse Section through
arranged elastie the Inferior Mesenteriec Artery of the Pig.

membrane. This e Endothelial lining; 7, elastic intima; m, muscular
media; a, adventitia with numerous elastic fibrils,

18 laminated, and  cutin transverse section. (Atlas.)
composed of

Jenestrated elastic membranes of Henle. (See page 44.)
The larger the artery the thicker the intima. In
microscopic arteries the intima is a thin fenestrated
membrane, the fibres having distinctly a longitudinal
arrangement.

(¢) The media is the chief layer of the wall of
the arteries (Fig. 46). It consists of transversely
arranged elastic lamelle (fenestrated membranes and
networks of elastic fibres), and between them smaller
or larger bundles of circularly arranged muscular
cells. The larger the artery the more elastic tis-
sue 1s there present in the media, the smaller
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the artery the more muscular tissue. In micro- |
scopic branches of arteries the media cﬂnsista.%'f
almost entirely of ecir- |
cular non-striped muscle |
cells with only few elas-
tic fibres. )
100. In  the last
branches of the micro- |
~scopic arteries, the mus-
cular media becomes dis-
continuous, inasmuch ag
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 alter-
nate fashion, §
When the media
contracts, the intima is
thrown into longitudinal
folds. g
The aorta has,in the
Fig. 46, —Transverse Section through 1nnermost and in the =
o Bpiot s T " outermost parts of thaly
b s e O
T DT S et e
layers ; the media is very mﬁeh thinner muscle cells. Accord-
than in the artery. (Atlas.) illg to Bardeleben’ a1
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,
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lespecially 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
" ladventitia as compared with the thickness of media.
| In microscopic arteries (Fig. 47), the

* ladventitia is represented by thin bundles
" of fibrous connective tissue and branched
" |connective tissue cells.

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

102. (¢) The veims differ from the
* larteries in the greater thinness of their
all. The intima and media are similar
those of arteries, only thinner, both
bsolutely and relatively. The media

~ ranged muscular fibres ; they form a con-
© [tinuous layer, as in the arteries, and
-~ |there 1s between them generally more
- ifibrous connective tissue than elastic.
 [The adventitia is usually the thickest coat,

ntains In most veins circularly ar- Fig. 4. — Minute

Microscopic
Artery.

¢, Endothelium: 4,

intima ; m, musen-
lar 1nedia, com-
}}naed of a single
a¥er of circular-
Iv-arranged
striped  musenlar
cells ; o, adventitia.

rnoi-

* . . ] L'Jkt.lﬂ.s.}
« land it consists chiefly of fibrous connec-

o [tive tissue (Fig. 46). The smallest veins—i.e., before
~ [passing into the capillaries—are composed of a lining
~ lendothelium, and outside this are delicate bundles of
~ |connective tissue forming an adventitia. The valves
“lof the veins are folds, consisting of the endothelium
- lining the surface, of the whole intima, and of part
- of the muscular media.

~ 103. There are many veins that have no muscular
fibres at all, e.g., vena jugularis—interna and externa
the vena subclavia, the veins of the bones and
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retina, and of the membranes of the brain and cord,
Those of the gravid uterus have only longitudinal
muscular fibres. The vena cava, azygos, hepatlca,
spermatica interna, renalis and axﬂlarls possess an

inner circular and an outer lﬂnﬂltudln&l coat. The vena

iliaca, eruralis, poplitea, mesenterma and umbilicalis

possess an inner and outer ]c-ncntudlnal and a middle

circular muscular coat. The intima of the venw
pulmonales in man 1is connective tissue containin
circular bundles of non-striped muscular cells (Stieda).

104. The trunk of the vena pulmonales and venz
cave 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—as in the 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 dog and cat and rabbit.

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

106. (p) The camilftry blﬂnd-veaﬁels are
minute tubes of about 5 s to si5 of an inch in
diameter. Their wall is a@ single layer of transparent

elongated endothelial plates, united by thin lines of

cement substance (Fig. 48); 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




| Chap. X1 75 HEART AND BLOOD-VESSELS. 81

o

| .n_f;arvouﬂ system, the largest in the marrow of bone.
| The capillaries form networks, the richness and

Fig. 48.—From a Preparation of the Peritoneum, stained
with Nitrate of Silver.

@, The endothelium on the free surface of the membrane ; b, the capillary bloods

vessels in the membrane ; their wall is a layer of endotheliwm. (Handbook.)
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Vig. 49.—Young Fat Tissue of the Omentum, its Blood-vessels injected
@, Artery; b, vein; e, network of capillaries. (Handbook.)

yrrangement of which vary in the different organs,
pceording to the nature and arrangement of the ele-
jnents of the tissue (Fig. 49).

5- G—1
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107. If capillaries are abnormally distended, as
in inflammation, or otherwise injured, the cement sub-
stance between the endothelial plates is liable to give
way in the shape of minute holes, or stigmate, which
may become larger holes, or stomata. The passage
of red blood corpuscles (diapedesis), and the migration
of white corpuscles in inflammation through the
unbroken capillaries and small veins, occur through
these stigmata and stomata.

108. Young and Growing Capillaries, both
of normal and pathological tissues, possess solvd thread-

Fig. 50.-—From a Preparation of Omentum of Rabbit, after staining with
Nitrate of Silver.

v, A minute vein; a, solid protoplasmiec prolongations of the wall of a capillary,
connected with eonnective tissue corpuscles; ¢, a solid young bud. (Atlas,)

like shorter or longer nucleated protoplasmic processes
(Fig. 50), into which the canal of the capillary is
gradually prolonged, so that the thread becomes con-
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verted into a new capillary branch. Such growing
capillaries are capable of contraction (Stricker).

All blood-vessels, arteries, veins, and capillaries,
in 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 endothelium,
thus forming the elastic, muscular, and fibrous con-
inective tissue elements of the wall.

109. In the first stage, b-::rth in the embryo and

" lin the adult, the
vessel 1s repre-
\sented by a solid
- inucleated proto-
plasmic cell, elon-

- |gated or spindle-

~ |shaped or branch-
tled. Such a cell
may be an isolated
- cell of the connec-
ltive tissue inde-
pendent of any
. pre-existing vessel,
Blor it may be a ¢
solid protoplasmic
- outgrowth of the
lendothelial wall of .
_[an existing capil-
jlary vessel (Iig. mig. 51, —Developing Capillary Blood-vessels

D) 1) I]1 bﬂth cases from the Tail of Tadpole.

' v, Capillary vein with elumps of pigment in the wall ;
it bECGﬂl&S hO]-' "a, nucleated protoplasmic spront ; 7, solid anasto-
OWﬂd out b}, a mosis  between two nﬂghlmurm" capillaries.

(Atlas.)
process of vacuola-
lon; isolated vacuoles appear at first, but they
218 ua.lly become confluent, and thus a young vessel 1s
tormed, at first very uregular in outline, but gradually




84 FELemENTs oF HisroLogy. [Chap. XI.

acquiring more and more of a tubular form. In the
case of an isolated cell, 1ts 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 th&t of the

capillary vessel.

The wall of young capillaries is granular-looking

protoplasm (the original cell substance), and in it
are disposed, in more or less regular fashion, oblong
nuclei, derived by multiplication from the nucleus of
the original 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 nuclel 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,
Aflanasieff; Arnold, Klein, Balfour, Ranvier, Leboucq).

CHAPTER XI.

THE LYMPHATIC VESSELS.

110. TuE large lymphatic trunks, such as the
thoracic duct, and the lymphatic vessels passing to and

from the lymphatic glands, are thin-walled vessels,
similar in structure to arteries. Their lining endothe-
lium is of the same character as in an artery, and so are

the elastic intima and the media with its circular mus-
4
an artery of the same calibre. The adventitia is an |

cular tissue, but they are very much thinner than in

|

|
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exceedingly thin connective tissue membrane with a
fow 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. 52). The
lymphatic is often many times wider than a blood
capillary. The endothelial plates are elongated, but

Fig. 52.—Lymphatic Vessels of the Diaphragm of the Dog, stained with
Nitrate of Silver.

The endothelium forming the wall {=I:L |.]lm jlb'ill phatics is well shown ; », valves.
(Atlas.

not so long as in a blood capillary, with more or less
sinuous outlines, but this depends on the amount of
shrinking of the tissue in which the vessel is embedded ;
when there is no shrinking in the tissue or in the vessel,
the outlines of the cells are more or less straight.

The lymphatics are supported by the fibrous con-
nective tissue of the surrounding tissue, which does
not, however, form part of their wall.
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112. The outline of the wvessel is not straight, but
more or less moniliform, owing to the slight dilatations
present below and at the sem-lunar valves ; these are
folds of the endothelial wall, and they are met with in
great numbers. The vessel appears slightly dilated
immediately beyond the valve, that is, on the side
farthest from the periphery, or rootlet, whence the
current of lymph starts,

113. Tracing the lymphatic vessels in the tissues
and organs towards their rootlets, we come to more or
less irregular-shaped vessels, the wall of which also
consists of a single layer of polygonal endothelial plates;
the outlines are very sinuous. These are the lym-
phatic capillaries; in some places they are mere clefts
and irregular sinuses, in others they 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
lymphatic tube, which has the character of a lym-
phatic capillary ; these are the perwascular lymphatics
of His, Stricker, and others.

114. The rootiets of the lymphatics 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 I
which the connective tissue corpuscles are situatedj
where these are branched cells anastomosing by their
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
lymph-canalicular system of von Recklinghausen. (Fig.

. b3). The endothelial cells forming the wall of the
IH lymphatic capillaries are directly continuous with the

-
sl
§
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connective cells situated in the rootlets. In tendons,
and fasciee the minute lymphatics lie between the
bundles, and have the shape of continuous long clefts

Fig. 53.—From a Silver-stained Preparation of the Central Tendon of
the Rabbit’'s Diaphragm. Showing the direct conuection of the
Lymph canalicular System of the Tissue with the Lymphatic
Capillaries.

2, Lymphatic vessel ; b, Ilymphatic eapillary lined with ‘sinuous’ endothelium.
(Handbook.)

or channels ; in striped muscular tissue they have the
same character, being situated between the muscular
ibres.

| 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

1
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capillaries and lymphatic vessels, 1s the natural curreng
of lymph irrigating the tissues.

115, Lymph eavities.—In some places the lym»
phatic vessels of a tissue or organ are pc}ssessed of, or
connected with, irregularly- f-:.ha,ped large sinuses, much
wider than the vessel itself ; these cavities are the
lymph sinuses, and their wall is also composed of a
single layer of more or less polygonal endothelial
plttteq with very sinuous outlines. Such sinuses are
found in connection with the subcutaneous and sub-
mucous lymphatics, in the diaphragm, mesentery, liver,
lungs, &c. On the same fnﬂtmg—--@.e,, as lymph
sinuses—stand the comparatively large lymph cavities
in the body, such as the subdural and subarachnoidal
spaces of the central
nervous system, the
synovial cavities, the .
cavities of the tendon-
sheaths, the cavity of |
the tunica vaginalis
: testis, the pleural;

pericardial, and peri-

{ ‘toneal cavities. =~ In

batrachian  animals,
e.g., frogs, the skin all
) over the trunk a,nd

fr%”‘ extremities is sepa-
« rated from the sub- .

Bl s et jacent fasciee  and®
Ig. ~——t0MAata, 1N Wi ermi-
nating Fur]ﬁfhehﬂ,l Cells, as seen muscles b}r ].ﬂI'gB b&gﬂ

from the Cisternal Slllflﬂ& of the or g]n“-c;es_t]le Su&.ﬂ' i
SeptumCisternse Lymphatice Magne
of the Frog. (Handbook.) cutaneous lymph sacs.
These sinuses are shut
off from one another by septa. Between the trunk
and the extremities, and on the latter, the septa
generally occur in the region of the joints. I
female frogs in the mesogastrium smaller or lar
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cysts lined with ciliated endothelium are sometimes
found. Behind the peritoneal cavity of the frog,
on each side of the vertebral column, exists a similar
larce lymph sinus, called the cisterna lymphatica
magna.

116. In all instances these cavities are in direct
communication with
the lymphatics of the
surrounding parts by
holes or open mouths
(stomata),often lined
by a special layer of
polyhedral endothe-
lial cells—germinat-
ing cells (Figs. 54,
55). Such stomata
are numerous on the

- peritoneal surface of \eﬁ ‘\
| the central tendon of ﬁ\“""':f:jf"w \

the diaphra.gm, in Fig. 55.—Endothelium and Stomata of
hich £ d the Peritonenl Surface of the Septum
wilc are oun Cisterne Lymphaticee Magne of the

straight lymph chan- ~ Frog. (Handbook.)

nels between the

tendon bundles, and these channels communicate here
and there with the free surface by stomata. A
similar arrangement exists on the costal pleura, the
omentum, and the cisterna lymphatica magna of the
frog. (See Chapter 1V.)

117. The serouws membramnes consist of endo-
thelium upon a layer of fibrous tissue with networks
of fine elastic fibres ; they contain networks of blood
capillaries and numerous lymphatic vessels arranged in
(superficial and deep) plexuses. Those of the pleura
‘costalis—or rather, intercostalis—and of the diaphragm
and pleura pulmonalis, are most numerous. They are

- limportant in the process of absorption from the pleural

and peritoneal cavity respectively. Lymph and lymph
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corpuscles, and other solid particles, are readily taken '
up by the stomata (see Fig. 20) and brought inte
‘the lymphatics. Here the respiratory movements of |
‘the intercostal muscles, of the diaphragm, and of
the lungs produce the result of the action of a
pump.

118. There 1s a definite relation between the |
lymphatics and the epithelium which covers the
mucous membranes and lines the various glands and
also between the endothelium covering serous mem- |
branes and that lining wvessels and lymph cavities—
viz., the albuminous semifluid cement substance (see
former chapters) between the epithelial or endothelial |
cells is the medium by which fluid and formed matter
pass between the surfaces and the lymph-canalicular
system, 4.e., the rootlets of the lymphatics.

119. Lymph taken from the lymphatics of dif-
ferent regions differs in composition and structure.
That from the thoracic duet contains a large amount
of colourless or white corpuscles (Lymph 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 contain one, some of the larger |
contain two and three, nuclei. The latter show more
pronounced ameeboid movement than the small ones.
A few red corpuscles are also met with. Granular |
and fatty matter is present in large quantities during |
and 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 rhythmie pl]lSELt-]Dﬂ they are called Eympk_ |
hearts. On each side of the os cocCygls and under-
neath the skin is a pulsating posterior lymph heart.
The anterior lymph heart is oval, and situated on
each side of the processus transversus of the thlrd;

iq.'rl |
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and fourth vertebrze; it is rather smaller than the
posterior one. The lymph hearts have an efferent ves-
sel, which is a vein, and from them the venous system

Fig. 56.,—Developing Lymph-capillaries in the Tail of Tadpole.
a, Solid nucleated protoplasmic branches not yet hollowed out. (Atlas.)

of the neighbourhood can be easily injected, whereas
the reverse is not possible. They are lined with an
endothelium 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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120. Lymphatic vessels are developed and newly |
formed under normal and pathological conditions in |
precisely the same way as blood-vessels. The accom- |
panying woodcut (Fig. 56) shows this very well. We &
have also here to do with the hollowing out of (con- W
nective tissue) cells and their processes previously |
solid and protoplasmic.

CHAPTER XII.
FOLLICLES OR SIMPLE LYMPH-GLANDS.

121. U~pEr this name we include the blood-
glands, or the conglobate gland substance of Hewson,
His, and Henle, or the lymph-follicles (hﬂ]llker, |
Huxley, Luschka.) The ground-substance of all
lymph-glands, simple as well as compound (see
below), 1s the lymphatic or adenoid tissue, or leuco-
cytogenous tissue. Like all other gland-tissue, it i3 W
supplied with a rich network of capillaries derived W
from an afferent artery, and leading into efferent
veins.

122, The elements constituting this tissue are :—

(@) The adenowd reticulum (Fig. 57), a network
of fine homogeneous fibrils, with numerous plate-like
enlargements,

(b) Small, transparent, flat, endothelovd 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 especmlly appears
to belong to a nodal point—i.e., 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 1is left, without any trace of a nucleus,

L
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(¢) 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 com-

paratively
large nucleus;
others — the
ripeones—are
larger, have a
distinct pro-
toplasmic cell
body,with one
or two nuclel
They all show
on a warm
stage  amce-
boid  move-
ment, but in
the large ones
it 13 much : .
- more Ppro- Fig 57.—Adenoid Reticulum shaken out; most of
_ L!lﬂll'ﬂﬂed than i?mgﬁﬁﬁfa?;ﬂles are removed. From a
in the small @, The reticulum ; ¢, a capillary blood-vessel. (Atlas.)
ones.
| The capillary blood-vessels supplying the adenoid
. tissue receive a more or less distinet special investment
from the adenoid reticulum ; this is the capillary

 ladventitia.

123. The adenoid tissue occurs as:

(1) Diffuse adenoid tissue, without any definite
arrangement. This occurs in the subepithelial layer of
. ithe 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 wvilli
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of the former; and in the mucous membrane of
nasal cavity and vagina.

(2) Cords, eylinders, or patches of adenoid tissue
in the omentum and pleura, and in the spleen (Mal
pighian corpuscles). .

(3) Lymph jollicles, i.e., oval or spherical masse
more or less well defined ; in the tonsils, at the roo
of the tongue, in the upper part of the pharynx (pharynx
tonsil), in the stomach, small and large intestine ; 1
the nasal mucous membrane, in the large and smal
bronehi ; and in the spleen (Malpighian corpuscles).

124, The tomsils (Fig. 58) are masses of lymph foll;
cles and diffuse adenoid tissue covered with a thin mucou

Fig, 58.—Vertical Section through part of the Tonsil of Dog.

e, Stratified pavement epithelium covering the free surface of the mucol
membrane, The tissue of the mucous membrane is infiltrated with adenoit
tissne. J, lymph follicles; m, mucogsglmdnt the submucoustissue. (Atlas
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- | 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 lined with the
same stratified epithelium that lines the oral cavity.
Numbers of lymph corpuscles constantly, in the per-

fectly normal condition, migrate through the epithe-

lium on to the free surface, and are mixed with the

| secretions (mucus and saliva) of the oral cavity. The

so-called mucous or salivary corpuscles of the saliva,

| aken from the oral cavity, are such discharged lymph

corpuscles. They become swollen up by the water of

| the saliva, and assume a spherical shape. They finally

disintegrate.
Similar relations, only on a smaller scale, obtain

| at the root of the tongue.

The pharyna tonsil of Luschka, occurring in the
upper part of the pharynx, is in all essential respects

| the same as the palatine tonsil. Owing to large parts
|of the mucous membrane of the upper portion of the

pharynx being covered with ciliated columnar epithe-
lium, some of the crypts in the pharynx tonsil are also
lined with it.

125. The lenticular glands of the stomach are

single lymph-follicles.

The solitary glamds 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 theirpresence. These groups
of follicles are called a Peyer’s patch or a Peyer’s gland.

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
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circumference of the follicles of the tonsils, ph ;
intestine, bronchi, &e., is surrounded by a lymph
sinus leading into a lymphatic vessel. The lymphatie
vessels and lymph sinuses in the neighbourhood of lym-
phatic follicles or of diffuse adenoid tissue are almost
always found to contain 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-
work and the gland substance. The former is fibrous
connective tissue arranged as an outer capsule, and
in connection with it are septa and trabeculz passing
into the gland and subdividing it into lobes and
lobules, which latter are again subdivided into the
Jollicles (Fig. 594). 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 poly-
gonal outline ; farther inwards they are more or less
fused. Each shows a central transparent medulla
and a peripheral less transparent cortex (Watney).
At the places where two follicles are fused with one
another the medulla of both is continuous. The matrix
is 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
of the reticulum in the cortical part of the follicles are
filled with the same lymph-corpuscles as occur in the
adenoid tissue of other organs, but in the medullary
part they are fewer, and the meshes are more or less
completely occupied by the enlarged but transparent
endotheloid plates. "These conditions cause the greater
transparency of the medulla. In some places the
endotheloid cells are granular, and include more than
one nucleus ; some are even multinucleated giant cells.

128. There occur in the medulla of the follicles,
larger or smaller, more or less concentrically-arranged
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nucleated protoplasmic cells, which are the concentric
bodies of Hassall (Fig. 598). They ars met with even
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Fig. 594, —Section through the Thymus Gland of a Feetus,

a, Fibrous tissue between the follicles; &, the cortical portion of the follicles;
¢, the medullary portion.

in the early stages of the life of the thymus, and
cannot therefore be connected with the involution of
the gland, as maintained by Afanassief, according to
whom the concentric cor-
puscles are formed in
blood-vessels which there-
by become obliterated.
According to Watney
they are concerned in the _
formation of blood-vessels  Fig. 598.—Two Concentric or Has-
and, connective tissue. el e i e B
The lymphatics of the
mterfollicular septa and trabecule always contain
numbers of lymph corpuscles. The blood capillaries
of the follicles are more richly distributed in the
H—I]
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cortex than in the medulla, and they radiate from the
periphery towards the central parts.

129. After birth, the thymus begins to undergo
degeneration, 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 not unusual to find in persons of fifteen or
twenty years of age an appreciable amount of thymus
tissue, In some animals, e.g., guinea-pigs, the invo-
lution 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.

CHAPTER XIII.

COMPOUND LYMPHATIC GLANDS,

130. THE compound or true lymphatic glands are
directly interpolated in the course of lymphatic vessels.
Such are the mesenterie, portal, bronchial, splenie,
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.

131. Each true lymphatic gland is enveloped in a
Jibrous eapsule which is connected with the interior and
the hilum by trabecule and septa of connective tissue.
The trabeculae having advanced a certain distance, aboub
one-third or one-fourth, towards the centre, branch inte
minortrabeculs, whichin themiddle of the gland anasto-
mose with one another so as to form a plexus with small
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meshes. Thus the peripheral third or fourth of the

land is subdivided by the septa and trabeculs, into
relatively large spherical or oblong compartments, while
the middle portion is made up of relatively small cylin-
drical or irregularly-shaped compartments (Fig. 60).

The former region is the cortex, the latter the medulla of

the gland. The compartments 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 trabeculs
consist of fibrous connective tissue and of a certain

Fig. 60.—From a Vertical Section through a Lymphatic Gland, the
Lymphatics of which had been injected.

¢, The onter capsule, with lymphatic vessels in section: a, the eortical lymph

follicles ; around them are the cortical lymph sinuses; &, the medullary ;
injected lymph sinuses between the masses of adenoid tissue. (Atlas.)

amount of non-striped muscular tissue, which is con-
spicuous in some animals—e.g., pig, calf, rabbit,
guinea-pig—but is scanty in man.

Sometimes coarsely granular connective tissue cells
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(plasma cells) are present in considerable numbers in

the trabeculz.

‘[ 132. The compartments contain masses of adenoid
 tissue, without being completely filled with it; those
' of the cortex contain oval or spherical masses—the
Alymph follicles of the cortex; those of the medulla
. cylindrical or irregularly-shaped masses—the medullary
¢ eylinders. 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

|; !
II (
I
!
! I
Fig. 61.—From a Section through a
Lymphatic Gland.
¢, The outer capsule; s, cortical lymph sinus;

a, adenoid tissue of cortical follicle. Numerous
nuelel, indicating lymph corpuscles. (Atlas.)

and medullary
cylinders consist
of adenoid tissue
of exactly the
same character as
that desecribed in
the previous chap-
ter. And this
tissue also con-
tains the lastrami-
fications of the
blood-vessels, z.e.,
the last branches
of the arteries, a
rich network of
capillary  blood-
vessels, and the
first or smaller
branches of the
veins. T he
capillaries and
other vessels re-
ceive also here

an adventitious envelope from the adenoid reticulum.
133. The cortical follicles and the medullary
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eylinders do not completely fill out the compartments
made for them by the capsule and trabeculae respec-
tively, but a small peripheral zone of each compart-
ment is left free; this 1s a lymphatic sinus. In the
cortex it is spoken of as a cortical (Fig. 61), in the
medulla as a medullary, lymph sinus (Fig, 62). The
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Fig. 62.—From a Section through the Medulla of a Lymphatie Gland.

@, Transition of the medullary eylinders of adenoid tissue into the cortical
follicles; &, the lymph sinuses occupied by a reticulum ; ¢, the fibrous tissue
trabecul® ; d, the medullary cylinders. (Atlas.)

former is a space between the outer surface of the
cortical lymph follicle and the corresponding part of
the capsule or cortical septum, the latter between the
surface of a medullary cylinder and the trabeculze.
From what has been said of the relation of the com-
partments, it follows that the cortical and medullary
lymph sinuses form one intercommunicating system.
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These are not empty free spaces, but are filled with a
coarse reticulum of fibres, much coarser than the ade-
noid reticulum ; to it are attached large transparent
cell plates—endotheloid 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 aspcct In the
meshes of the 1et1cu111m of the sinuses are contained
lymph-corpuscles, the majority of which consist of a
comparatively large protoplasmic body, and one or two
nuclei ; they show lively amceboid movement; a few
small lymph-corpuscles are also amongst them.

The surface of the trabecule facing the lymph
sinuses is covered with a continuous layer 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 sur-
face of the trabecule 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 or in
other animals.

134. The afferent lymphatic vessels having entered
the outer capsule of the gland, and having formed
there a dense plexus, open directly into the cortical
lymph sinuses. The medullary lymph sinuses 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 1n
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the capsule, 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 large number of
formed corpuscles, pigment, inflammatory or other
elements, passing into the gland by the afferent vessels
are easily arrested and deposited in the sinuses, and
are there readily swallowed by the amceboid corpuscles
lying in the meshes.

Passing a stream of water through the gland, the
contents of the meshes of the reticulum of the sinuses—
2.¢., 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. Hence it
is probable also that by the normal stream of lymph
- passing through the gland, lymph corpuscles are
drained, as it were, from the follicles and cylinders
into the sinuses. The amceboid movement of the lymph
corpuscles, especially of the large and ripe ones, will
greatly facilitate their passage from the follicles and
cylinders into the lymph sinuses.

CHAPTER XIV.

NERVE-FIBRES,

136. THE 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 con-
sider in each nerve-fibre the peripheral and central
termination and the conducting part. The latter, 4.e.,
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the nerve-fibres proper, in the cerebro-spinal nerves are
grouped into bundles, and these again into anatomical
nerve-branches and nerve-trunks. Each anatomical
cerebro-spinal nerve consists, therefore, of bundles of
nerve-fibres (Fig. 63). The general stroma by which
these bundles are held together is fibrous connective
tissue called the Epincurium (Key and Retzius) ; this
epineurium 1s 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, a.rlﬂ
sometimes of numerous plasma cells.

137. The nerve-bundles or funiculi (Fig. 64) vary in
size according to the number and size of the nerve—ﬁbra
they contain. They are well-defined by a sheath of their

Fig. 63.—From a Transverse S}fictﬂm through the Sciatic Nerve of
the

ep, Epineurium ; p, perineurium ; », nerve fihres constituting a nerve-bunﬂl&h
Ccruss gection; f, fat tissue surrounding the nerve. (Atlas.)

own, called perineurium (Key and Retzius). This peri-
neurium consists of bundles of fibrous connective tis
arranged in lamelle, every two lamellz being separa
from one another by smaller or larger lymph spaces,
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which form an intercommunicating system, and
anastomose with the lymphatics of the epineurium
whence they can be injected. Between the lamells,
and in the spaces, are situated flattened endotheloid
connective tissue corpuscles.

The nerve-bundles are either single or compound.
In the former the nerve-fibres contained in a bundle
are not sub-divided into groups, in the latter the
bundles are sub-divided 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 peri-
pheral distribution—each branch of the bundle receives
a continuation of the lamellar perineurium. The more
branches the perineurium has to supply, the more re-
duced 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 the single nerve-fibres, or into small

groups of them, each of these has also a continuation

of the fibrous tissue of the perineurium. In some
places this perineural continuation is only a very
delicate endothelial membrane, at others it is of
considerable thickness, and still shows the laminated
nature, Such thick sheaths of single nerve-fibres,
or of small groups of them, reprcsent what 1s called |
Henle's sheath.

138. The nerve-fibres are held together within the
bundle by connective tissue, called the Endoneurium
(Fig. 64). This is a hﬂml::-frenemjs ground substance in
which are embedded fine bundles of fibrous connective
tissue, and connective 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.



106 FELEMENTS oF HISTOLOGY. [ Chap. XIV.

When nérve-trunks anastomose so as to form a
plexus—e.¢., in the brachial, or sacral plexus—there
OCccurs an EKC]]E‘.-]lgE and re—arra,ngement D'E nerve-
bundles in the branches. A similar condition obtains
in the ganglia of the cerebro-spinal nerves. Nerve-

Fig, 64 —Transverse Section through a Nerve-bundle
in the Tail of Mouse,

2, The perineurium ; e, the endoneurium separating the medullated nerve-fibres

seen in crogs section ; U, lymph spaces in the perineurium ; I, lymph spaces

in the endoneurinm. (Atlas.)

trunks and nerve-branches passing through a lymph
cavity, such as the subdural spaces, or the sub-
cutaneous lymph sacs, or the cisterna lymphatica
magna in the frog, receive from the serous membrane
an outer endothelial covering,

139. The ultimate nerve-fibres in the funiculi of
the cerebro-spinal nerves, with the exception of the
olfactory nerve, are medullated mnerve-fibres. These
are doubly contoured smooth cylindrical fibres,
varying in diameter between ;% and —s3is- of an
inch. Within the same bundle of a nerve—e.g., of
the brachial or sacral plexus—there occur fibres which
are several times thicker than others, and it is pro-
bable that they are derived from different sources. .
ochwalbe has shown that the thickness of the nerve-
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fibre stands in a certain relation to the distance of 1its
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. Either spontaneously after death,
or after re-agents—as water, salt 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 derived from the fatty sub-
f stance constituting the medullary sheath or white
substance of Schwann (see below). When a nerve-
- fibre within the bundle undergoes degeneration during
| life, either after section of the nerve or after other
| pathological changes, or in the natural course of its
| existence (S. Mayer), the medullary sheath breaks up
| into similar smaller or larger globules or particles,
which gradually become absorbed.

140. Each medullated nerve-fibre (Figs. 644, 66)
- consists of the following parts: (a) the central awis
eylinder. This is the essential part of the fibre, and is
| a cylindrical or bandlike, pale, transparent structure,
| which in certain localities (near the terminal distribu-
' tion, in the olfactory nerves, in the central nervous
| system), and especially after certain re-agents, shows
| itself composed of very fine homogeneous or more or
. less beaded fibrille—the elementary or primative fibrille
(Max Schultze)—held together by a small amount of a
| faintly granular interstitial substance. The longitu-
dinal striation of the axis cylinder is due to its being
composed of primitive fibrillee. The thickness of the
| axis cylinder is in direct proportion to the thickness
of the whole nerve-fibre. The axis cylinder is said
to be enveloped in its own hyaline more or less elastic
sheath, composed of neurokeratin,
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141. (b) The medullary sheath or white substance of
Schwann 1s also called the medulla of the nerve-fibre,
This is a glistening bright fatty substance surround-
ing 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 1s a small amount of albuminous fluid
which appears greatly increased
when the former, owing to shrink-
ing, stands farther apart from the
latter.

142. (¢) The sheath of Schwann,
or the neurilemma, closely surrounds
the medullary sheath, and forms
the outer boundary of the nerve-
fibre. It is a delicate structure-
less membrane., 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 protoplasm. These
nucleated corpuscles are the nerve
pie. 61a.—Two Nerve corpuscles (Fig, 644), and are analo-
N of “eonstrie.  gous to the muscle corpuscles, situ-

tions of Ranvier and

he - axis eylinder. ated between the sarcolemma and

- .-[1 l].-l. L

e Eii the striated muscular substance.
r ] vl r: rl T

Soeply - stanea ob:  They are not nearly so numerous as

r lei indicate
e orpnscics  the muscle corpuscles.

R R e 143. The neurilemma presents
at certain definite intervals annular

constrictions, the nodes or constrictions of Ranvier (Figs.
644,65,66),and at these nodes of Ranvier the medullary
sheath, but not the axis cylinder and its special sheath,
is suddenly interrupted and sharply terminates. The

portion of the nerve-fibre situated between two nodes is




the internodal segment.

ternodal segment is made
up of a number of coni-
cal sections (Fig. 664)
imbricated at their ends
(Schmidt, Lantermann)
(Fig. 66), and each such

i

Fig. 66.—Medullated Nerve-
fibres,

A, A medullated nerve - fibre,
ghowing the subdivision of the
medullary sheath into cylin-
drical sections imbricated with
their ends; a nerve corpuscle
with an oval nucleus is geen
between the neurilemma and
the medullary sheath:; B, a
medullated nerve flbre at a
node or constriction of Ranvier;
the axis cylinder passes unin-
terruptedly from one segment
into the other, but the medul-
lary sheath is interrupted.
(Key and Retziug.)
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Each internodal segment has

generally one, occasionally more than one, nerve
corpuscle. The medul- | « /. #
lary eylinder of each in- (

Fig. 65. — Medullated Nerve - fibres,
after staining with Nitrate of Silver.

a, The axis eylinder; &, Ranvier's constric-
tion. (Key and Retziug.)

section is again made up of
a large number of rod-like
structures (Fig. 67) placed
vertically on the axis cylin-
der.

These rods are, how-
ever, connected into a net-
work. The network itself
is very likely the neuro-
keratin of Ewald and Kiihne,
whereas the interstitial sub-
stance of the network is
probably the fatty sub-
stance leaving the nerve-
fibre in the shape of droplets
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when pressure or reagents are applied to the fresh
nerve-fibre.

144. Medullated nerve-fibres without any neuri-
lemma,and consequently without any nodes of Ranvier,
with a thick more or less distinctly laminated medul-
lary sheath, form the
white substance of the‘s
brain and spinal cord.’
In these organs, in the
hardened and fresh state,
numerous nerve - fibres
may be noticed, which
show more or less regu-
lar varicosities, owing to
local accumulations of
fluid between the axis
cylinder and medullary
sheath. These are called
varicose merve-fibres.
They occur also in the
branches of the sympa-
thetic nerve.

The nerve-fibres of

A B c the optic and acoustic
Fig. 67.—Medullated Nerve-fibres. 7ierve are medullated,
A, B, showing on a surface view the |t without any neuri-

reticulated nature of the medullary

gheath ; ©, two nerve-fibres showing . 1
the axis L‘::.'findcr, the medullary El_aeatﬁ ]emma 2 VATICORE ﬁbI’EB

with their vertically-arranged minute gre common in them.
rods, and the delicate neurilemma or

outer hyaline sheath. (Atlas.) 145. Medullated
nerve-fibres occasionally
in their course divide into two medullated fibres. Such
. division is very common in medullated nerve-fibres
supplying striped muscular fibres, 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, gymnotus, silurus)




Chap. XIV.] NERVE-FIBRES, 111

shows such divisions to an extraordinary degree,
one huge nerve-fibre dividing at once into a bundle of
- minor fibres. Division of a medullated fibre takes
place generally at a node of Ranvier. The branches
taken together are generally thicker than the un-
divided part of the fibre, but in structure they are iden-
- tical with the latter.

146. When medullated nerve-fibres approach their
peripheral termination, they change sooner or later, in
so far as their medullary sheath suddenly ceases; and
now we have a mnon-medullated, or Remak’s nerve-
fibre. 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 most fibres are non-
medullated.

The non-medullated fibres always undergo repeated
divisions. They form plezuses, large fibres branching
into smaller ones, and these again joining (Fig. 68).
Generally at the nodal points of these plexuses there are
triangular nuclei, indicating the corpuscles of the
- neurilemma.

147. Finally the non-medullated nerve-fibres lose
their neurilemma, and then we have simple aais
cylinders. These branch and ultimately break up
into their constituent primitive mnerve-fibrille, which
occasionally show regular varicosities (Fig. 69).
Of course, of a neurilemma or the nuclei of the
nerve corpuscles there is nothing left.  These
primitive fibrille branch and anastomose with one |
another, and thus form a mnetwork. The density
of this network depends on the number of primitive
fibrils and the richness of their branching. These
primitive fibrils and their networks form the
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peripheral termination, and this mode of termina.ti_m:;
occurs in the nerve-fibres of common sensation, as it
many of the nerve-fibres of the skin, cornea, a

Tig. 68.—Plexus of Fine Non-medullated Nerve-fibres of the Cornea.

a, A thick non-medullated nerve-fibre: b, a fine one; e, d, elementary fibrils, |
anastomosing into a network, !

mucous membranes, In all these cases the peripheral
termination, <.e., the primitive fibrils and their networks;
are intra-epithelial (Fig. 70), z.e., they are situated in§
the stratum Malpighii of the epidermis, in the epiiiﬁgi
lial parts of the hair follicle, in the anterior epithelium
of the cornea, and in the epithelium of the mu
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membranes. The primitive nerve-fibrils lie in the
interstitial substance between the epithelial cells, as

v :f
ty - } |II 1I|I
h"}':.‘-: ‘
Q-

g
i

Fig. 69.—Nerve-fibres of the Cornea.

1, An axis cylinder gplitting up into its constituent primitive fibrillae near the
anterior epithelinm of the cornea; &, primitive fibrillae.

ntra-epithelial networks and as primitive fibrils which
wppear to terminate with free ends.

148, Tracing then a nerve-fibre, say one of common
sensation, from the periphery towards the centre, we

wave isolated primitive fibrils or networks of them ;
1—1
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they form by association simple axis cylinders, which
vary in thickness according to the number of their
constituent primitive fibrils. These simple axis cylin-

Fig. 70.— Intra-epithelial Nerve-termination in the Anterior Epithelium
of the Cornea, as seen in an oblique section.

a, An axis eylinder; b, sub-epithelial nerve-fibrille ; ¢, intra-epithelial network ;
d, epithelial cells. (Handhook.)

ders form plexuses. By association they make larger
axis cylinders, and these becoming invested with a
neurilemma, and with the nuclei of nerve corpuscles,
form non-medullated nerve-fibres. These also form
plexuses. Lastly, a medullary sheath makes its ap-
pearance between the neurilemma and the axis
cylinder, and thus forms a medullated nerve-fibre.
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CHAPTER XV,

PERIPHERAL NERVE-ENDINGS,

149. Ix the preceding chapter the termination of
the nerves of common sensation, as isolated primitive

| fibrillee, and as networks of these, has been described

in the epithelium of the skin and mucous mem-
branes, and in the anterior epithelium of the cornea.
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. They 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
conjunctiva, the genital end-corpuscles or end-bulbs
in the external genital organs, the corpuscles of
Meissner, or tactile corpuscles, in the papille of the
skin of the volar side of the fingers, the touch-cells of
Merkel 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). Each 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
being about ;th of an inch long and .. th of an
inch broad ; in other places they are of microscopic
size. Each possesses a stalk, to which it is attached.

I.{._
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and whmh consists of a single medullated nerve-fibre
(Fig. 71), differing from an ordinary medulla,.
nerve-fibre merely in the fact that outside its

- neurilemma there 1s
sent a thick laminate
connective tissue Ehea. .

This is the sheath
Henle—continuous tl
the perineural sheath
the mnerve branch w
which the nerve-fibre i 13
connection. This medt
lated nerve-fibre w1th111
sheath possesses frener
a very wavy outline.
corpuscle itself is
posed of a large numbe
lamelle, or capsules, m J
or less concentrically ar-
ranged around a
elongated or cylindrical
clear space. This space
Fig. 71—A Pacinian Corpuscle, CONtains in its axis from
ot de pron S
: concentric capsules. = one nearest to the st
near the opposite or distal
end, a continuation of the nerve-fibre in the sha e
of a sumple axis cylinder. DBut this axis cylinder
does mnot fill out the central space, since ther
all round it a space left filled with a transpar
substance, in which, in some instances, rows of sphe-
rical nuclei may be perceived along the margin of
the axis cylinder. At or near the distal end of the
||\ central space the awis cylunder diwides two 4
more branches, and these terminate in pear-shaj
oblong, sphr—-rma] or 1irregularly-shaped granul
looking enlargements.

o

)] oy

iR e

o
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151. The concentric capsules forming the corpuscle
itself are disposed in a different manner at the periphery
and near the central space from that in which they
are disposed in the middle parts, viz., in the former
localities they are much closer together, being thinner
than in the latter. = On looking, therefore, at a
 Pacinian corpuscle in its longitudinal axis, or in cross
section, we always notice the striation (indicating the
capsules) to be closer in the former than in the latter
 places. Each capsule consists of—(«) a hyaline, pro-
bably elastic, ground substance,in which are embedded
here and there (b) fine bundles of connective tissue
fibres; (c) on the inner surface of each capsule, <.e.,
the one directed to the central axis of the Pacinian
corpuscle, is a single layer of nucleated endothelial
plates. The oblong nuclei visible on the capsules at

| ordinary inspection are the nuclei of these endothelial

plates. There is no fluid between the capsules, but

Ithese 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 capsule at one pole; thus a canal is formed
im which 1is situated the medullated nerve-fibre,
and as such, and in a very wavy condition, it reaches
the proximal end of the central space.  This
part of the mnerve-fibre may be called the interme-
diate - part. The lamelle 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 nervefibre; it penetrates the

|
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peripheral capsules, and supplies them with a few
capillary vessels.

153. The corpuscles of Eferbst are similar to
the Pacinian corpuscles, with this difference, that they
are smaller and more elongated, that the axis cylinder

of the central space is bordered by
a continuous row of nuclel, and
that the capsules are thinner and
more closely placed (Fig. T72).
This applies especially to those
near the central space, and here
. between these central capsules we
miss the nuclei indicating the en-
dothelial plates. Such is the nature
of Herbst’s corpusclesin the mucous
membrane of the tongue of the
duck, and to a certain degree also
in those of the rabbit, and in
tendons. Ve
154. The tactile corpus=
cles, or corpuscles of NMeiss-
mer, occur in the papillee of the
corium of the volar side of the fin-
gers and toes in man and in apes;
Fig. 72. — A Herbst’s they are oblong, straight, er
Uorpuscle, from the  glightly folded. In man they ares
ongue of Duck. 1 1 2
a4, The mednllated nerve- about 250 to 800 of an inch 1?“35:.
fibre cut away. and _5%_5 to f%_fl‘ of an 1114
broad. = They are connected
with a medullated nerve fibre—generally one, ocea-
sionally, but rarely, two—with a sheath of Henle.
The nerve-fibre enters the corpuscle, but usu&l@]rj;
before doing so it winds round the corpuscle as a
medullated 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 penetrates

T .




 cylinder branches ; its branches re-
tain a coiled course all along the
tactile corpuscle (Fig. 73), anastomose
with one another, and terminate in
 slight enlargements, pear-shaped or
cylindrical. These enlargements, ac-
' cording to Merkel, are touch cells,
The matrix, or main part of the
tactile corpuscle consists, besides the
fibrous sheath with nuclei and numer-
ous elastic fibres, of fine bundles of
connective tissue, and of a number
of nucleated small cells.

Krawuse.—These occur in the con-
junctiva of the calf and of man, and
are oblong or cylindrical minute cor-
puscles situated in the deeper layers of

the

155. The emnd =bulbs of

near
margin. A medul-
lated
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into the interior of the corpuscle, where the axis

Fig. 73.—A Tactile
Corpuscle of Meiss-
ner from the Skin of
the Human Hand.

Showing the convolu-
tions of the nerve-
fibre. (E. Fischer and
W. Flemming.)

conjunctiva,
the corneal

nerve - fibre,

Fig. 74.—An End-bulb of Krause,

@, Meduliated nerve-fibre ; b, the capsule of the
corpuscle,

'

with Henle’s sheath,
enters the cm*puscle
(Eig...i4). " Thig
possesses a  nu-
cleated capsule, and
1s a more or less
laminated (in man
more  granular-
looking) structure,
numerous nuclei be-
ing scattered be-
tween the lamins.
Of the nerve-fibre,
as a rule, only the
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axis cylinder is prolonged into the interior of the
corpuscle.  Occasionally 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 extremity, it branches, and termi-
nates with small enlargements (Krause, Longworth,
Merkel, Key and Retzius).

The end-bulbs in the genital organs, or the genital
corpuscles 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 corpuscles of Gramdry or touch-
corpuscles of Merkel, in the tissue of the papille in the
beak and tongue of birds, are oval or spherical cor-
puscles of minute size, possessed of a very delicate

Fig. 75.—Corpuscles of Grandry in the Tongue of Duck.

A, Composed of three cells; B, composed of two cells; ¢, showing the develop-
ment of a Grandry's corpuscle from the epithelium covering the papilla;
e, eplthellum ; =, nerve-fibre. (Izguierdo.)

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 row (Fig.
75). A medullated nerve-fibre enters the corpuscle from
one side, and losing its medullary sheath, the axis cy-
linder branches, and its branchlets terminate, according
to some (Merkel, Henle), in the cells of the corpuscle



Chap. XV.] PERIPHERAL INERVE-END!NGS. 121

(touch-cells of Merkel) ; according to others (Key and
Retzius, Ranvier, Hesse, Izquierdo), in the trans-
parent substance between the touch-cells, thus form-
ing the ‘disc tactil’ of Ranvier or the Tastplatte of
Hesse. Neither theory seems to me to answer to the
facts of the case, since I find that the branchlets of
the axis cylinder terminate, not in the touch-cells, nor
as the disc 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 con-
. junctival 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—e.q., the knee-joint of the
rabbit—Nicoladoni described numerous nerve branches,
from which fine nerve-fibres are given off. Some of
these terminate in a network, others on blood-vessels,
and a third group enter Pacinian corpuscles. Krause
described in the synovial membranes of the joints of
the human fingers medullated nerve-fibres which end
in peculiar tactile corpuscles, called by him “ articular
nerve-corpuscles.”

158. The merve bramnches supplying non-
striped muscular tissuwe are derived from the
sympathetic system. They are composed of nen-
medullated fibres, and the branches are invested in
an endothelial sheath (perineurium). The branches
divide into single or small groups of axis cylinders,
. Which reunite into a plexus—the ground plexus of
Arnold. Small fibres coming off from the plexus
supply the individual bundles of non-striped muscle
cells, and they form a plexus called the intermediary
plexus (Fig. 76). The fibres joining this plexus are
smaller or larger bundles of primitive fibrillee ; in
the nodes or the points of meeting of these fibres
are found angular nuclei From the intermediate
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plexus pass off isolated or small groups of primiti
fibrillee, which pursue their course in the intersti

Fig. ?ﬁ.mﬂuna]eﬁ of Non-striped Musenlar Tissue surrounded by
Plesuses of Fine Nerve-fibres. (Handbook,) o

substance

these are th
intermuscula
fibrils (Fig. T6A)
According  to
Frankenhaiiser
and Arnold
they give off
finer fibrils,
ending in
nucleus
nucleolus).
cording
Elischer, the
primitive fibrils
terminate on the

Fig. 76A.—Termination of Nerves in Non- 3
striped Muscular Tissue, surface of )

a,ﬁﬁﬁn-meﬂullated ﬂl:reﬂ gfri:he internft;di§ry 1:1&::1;5; nucleus Wlt'h - a
. fine intermuscular fibrils ; ¢, nuclel of muscular 1 '
cells. (Atlas.) Y minute swe
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| In many localities there are isolated ganglion cells
| in connection with the intermuscular 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

Fig. 77.—Plexus of Fine Non-medullated Nerve-fibres surrounding
Capillary Arteries in the Tongue of Frog, after staining with
Chloride of Gold,

@, Blood-vessel ; b, connective tissue corpusecles: e, thick non-medullated fibres ;
d, plexus of fine nerve-fibres, (Handbook.)

| 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 forma network around
the vessel (Fig. 77). . In some localities the vascular
nerve branches are provided with small groups of
ganglion cells,

160. In striped muscle of man and mammals,
~ I'reptiles, and insects, the termination of nerve fibres
| takes place, according to the commonly accepted view
of Kiihne, in the following manner :—A medullated
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nerve-fibre, generally derived from one that has
divided, enters at almost a right angle a strip
muscular fibre, the neurilemma becoming fused wi

et

. I
I.-ill o
i 'i]
11
Fig. 78.—From a Prepﬁmt.iﬂn of Striped Muscular Fibres of the Snake
showing the termination of the Medullated Nerve-fibres. (4
a preparation of Mr. A. Lingard.) :
a, The nerve endplate seen from the broad side; b, the same seen from the
narrow side. Each endplate is a network connected with the axis eylin der

of amedullated nerve-fibre, and contains numerous nuclei of various s A
and shapes.

i

the sarcolemma, and the nerve-fibre, either at _
point of entrance or soon after loses its medullary
sheath, so that only the axis cylinder passes om.
This latter divides simultaneously into a number of
smaller fibres, which soon break up into a network of
fine fibrils, this ultimate network being embedded in a
more or less granular-looking plate, provided with
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a number of oblong nuclei (Fig. 78). The whole strue-
ture is called the nerve endplate. When the muscular
fibre contracts this endplate naturally assumes the
shape of a prominence—Doyére’s nerve-hillock. Each
muscular fibre has at least one nerve endplate, but
occasionally has several in mnear proximity. An
endplate is generally supplied by one, sometimes,
however, by two, nerve-fibres. @ The contraction
wave generally starts from the endplate. In
Batrachia the nerve-fibre does not, as a rule, termi-
nate in the shape of a granular endplate, but
having penetrated the sarcolemma ramifies into
several axis cylinders, each of which again branches ;
all branches have a more or less longitudinal
direction, and are provided, either terminally or in

i)
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Fig. 79.—Termination of Medullated Nerve-fibres in Tendon, near the
Insertion of the Striped Muscular Fibres.

The nerve-fibres terminate in peculiar reticulated endplates of primitive
fibrille. (Golgi.)

their course, with oblong nuclei  Arndt has
shown that both kinds of terminations oceur in
Batrachia. These two sorts of nerve endings lie

=
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underneath the sarcolemma and on the surface of the
muscular substance proper. But besides this intra-
muscular termination, there is a plexus of nerve-fibres,
which is situated outside the sarcolemma—au.e., Inter-
muscular ;  this
has been seen by
Beale, Kolliker,
Krause, and
others. Arndt
= — . . considers these in-
——mmy - termuscular fibres
: as sensory nerves,
161. Temdons
are supplied with
special nerve end-
e R R ings, studied by
Fig. 80.—One of the Reticulated Endplates
of the previous figure, more highly Saﬂhﬂ: ROllett’i

magnified. Gempt, Rauber,

o, The medullated nerve fibre ; b, the reticulated :
y endplate. (Golgi.) and P&rtlﬂlﬂ'&f}.y

Golgi, whose work
on this subject is very minute. These terminations are
most numerous near the muscular insertion. They

Fig, 81.—Termination of Medullated Nerve-fibres in Tendon.

a, End-bulbg with convoluted medullated nerve-fibre; b, end-bulb similar toa
Herhst's corpuscle. (Golgi.)

are of the following kinds:—(a¢) A medullated nerve

fibre branches repeatedly, and the axis cylinder breaks

up into a small plate composed of a network of fine

primitive nerve-fibrils (Fig. 79). (&) This network is
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occasionally embedded in a granular-looking material,
and thereby a similar organ as the nerve endplate of
muscular fibres is produced (Fig. 80). (¢) A medul-
lated nerve-fibre terminates in an end-bulb (Fig. 81),
similar to those of the conjunctiva, or of a Herbst’s
corpuscle.

CHAPTER XVI,

THE SPINAL CORD.

162. THE spinal cord is enveloped in three distinct
membranes. The outermost one is the dura mater.
This is composed of more or less distinct 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 arachnoid
membrane. This also consists of bundles of fibrous
connective tissue. The outer surface is 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 sub-dural lymph space.
The inner surface of the arachnoidea 1s a fenestrated
membrane of trabecule of fibrous connective tissue,
covered on its free surface—u.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 i1s lined
on both surfaces with an endothelial membrane.
Between the arachnoid and pia mater extends, from
the fenestrated portion of the former, a spongy plexus
of trabecule of fibrous tissue, the surfaces of the
trabeculze being covered with endothelium. By this
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spongy tissue—the sub-arachnoid tissue (Key and
Retzius)-—the sub-arachnoid space is subdivided inte =
a labyrinth of areole. On each side of the cord,
between the anterior and posterior nerve roots,i
. extends a spongy fibrous tissue, called ligamentum =
| denticulatum, between the arachnoidea and pia. By =
it the sub-arachnoidal space is subdivided into an
anterior and posterior division.

165. The sub-dural and sub-arachnoidal spaces dﬂ‘ ;
not communicate with one another (Luschka, Key/
‘and Retzius). |

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 inte
lymphatics of the peripheral nerves.

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

166. The cord itself (Fig. 82) consists of an outer
or cortical part composed of medullated nerve-fibres:
the whate matter, and an inner core of grey matter.
On a transverse section through the cord the
contrast of colour between the white mantle and!
the grey core is very conspicuous. The relatinn-
between the white and grey matter differs in diffe-
rent parts; it gradually increases in favour of the|
former as we ascend from the lumbar to the upper|
cervical portion. The grey matter presents in every
transverse section through the cord more or less the
shape of a capital H; the projections being the!
antertor and posterior horns or cornua of grey!
matter, and the cross-stroke being the grey com-|
massure. In the centre of this grey commissure|
is a cylindrical canal lined with a layer of columnari
epithelial cells; this is the central mﬂal ; the part|
of the grey commissure in front of this canal 182
the anterior, the rest the posterior, grey cﬂmmwm
The shape of the whole figure of the grey matter!



e

Chap. XVI.] THE SPINAL CORD. 129

differs in the different regions, and this difference
is chiefly brought about by the length and thickness
of the grey commissure. In a section through the
cervical region the grey commissure is thick and
short; in the dorsal region it becomes thinner and

f

Fig. 82, —Transverse Section through the Spinal Cord of 4 Calf,

«, Pia méiter ; , prolongation of pia mater into the anterior longitudinal fissure ;
¢. posterior longitudinal fissure ; 4, anterior column of white matter ; e,
lateral column of same:; 1 pustermr column of same; g, anterior white
commissure ; &, central canal_ i, anterior horn of grey matter ; j, posterior
horn of grey matter; k, anterior nerve roots: I, posterior nerve roots.

longer ; and in the lumbar region it is comparatively

very thin and long. Besides this, of course the relative

| proportions of grey and white matter, as mentioned
before, indicate the region from which the particular

part of thf cord has been cobtained. In the lower
g
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cervical and lumbar regions where the nerves of the :
brachial and sacral plexus respectively join the cord,
this latter possesses a swelling, and the grey matter
is there increased in amount, the swelling being in =
fact due to an accumulation of grey matter, in which =
an additional number of nerve-fibres originates ; but'™
the general shape of the grey matter is retained. |

167. The cornua of the grey matter are generally ' ]
thicker near the grey commissure ; they become thinned |
out into anterior and pi}s.teriﬂr edges respectively,
which are so placed that they point towards the
antero-lateral and postero-lateral fissures. The an-|
terior horns are generally thicker and shorter than|
the posterior ones, and, therefore, the latter reach
nearer to the suface than the former.

168. The white matter is composed chiefly of
medullated nerve fibres running a longitudinal course.
They are arranged into columns, one anterior, one
lateral, and one posterior column jfor each lateral
half of the cord ; the two halves being separated by
the anterior and posterior median longitudingl
Jissure. 'The anterior median fissure is a real fissure
extending in a vertical 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 1s not
in reality a space, but is filled up by neuroglia. It
extends as a continuous mass of neuroglia in a vertical|
direction from the posterior 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 anterior:
lateral and posterior lateral fissures respectively,
These are not real fissures in the same sense as the
anterior median fissure, but correspond more to the’,
posterior median fissure, being in reality filled up w1§h |
neuroglia tissue, into which extends a continuation

e
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from the pia mater with large vascular trunks. The
' white matter between the anterior median and ante-
rior lateral fissure is the anterior column, that between
the anterior lateral and posterior lateral fissure is the
Jateral column, and that between the posterior lateral
and posterior median fissure is the posterior column.
169. Beside the septa situated in the two lateral

G

Fig, 83.—Diagram of a Transverse Section through the Cord in the
region of the Cervical Swelling,

a, Anterior longitudinal flesute ; », posterior longitudinal fissure : the part of the
white matter next to iv is the faseiculus of Goll; e, central canal ; 4, direet
ramidal fasciculus ; e, roots of anterior or motor nerves; s, lateral bundle
ﬁost-enur nerve roots; g, imedian bundle of game ; A the cuneate fasci-
culiis ; 4, the crossed pyrarnidal faseiculus or the fasciculus of Tiirk; &, the
anterior root-zone of the lateral column of white matter; 1, the direct cere-
];flés:;nfascmulua; m, the anterior horn of grey matter : . the posterior horn

| 2.

fisstirés respectively, there are other smaller septa,
neuroglia and prolongations of the pia mater, which
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pass in a vertical and radiating direction into the
white matter of the columns, and they are thus
subdivided 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
(Fig. 83). :

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

(@) The median division of the anterior column is
called the direct or uncrossed pyramidal fasaicul%

SENE T T R U T T »

being a continuation of that part of the anterior
pyramidal tract of the medulla oblongata (see below)
that does not decussate. f 1

(b) The anterior division of the lateral column ﬁ
called the anterior root-zone. .

(c) The direct cerebellar fasciculus is the p
pheral portion of the postero-lateral column; it is a
direct continuation of the white matter of the cere
bellum.

(d) The posterior division of the lateral columm
inside the cerebellar fasciculus is called the fasciculus
of-Firk, or the crossed portion of the pyramidal fasei-

(¢) The lateral division of the posterior column,
with the exception of a small peripheral zone, is the
cuneiform or cuneate fasFiculus, or posterior
zone. e ] |

The median division of the posterior columm
is called the fasciculus of Goll. This part is connected
directly with the median bundle of the posterior nerve
roots. (See below.) |
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These vavious divisions can be traced from the
medullata oblongata into the cervical, and more or
Jess into the dorsal part of the cord, but farther down
most of them are lost as separate tracts, except the
fasciculus of Tiirk.

171. The ground substance (Fig. 84) of both
the white and grey matter—i.c., the stroma in
which nerve-fibres,
nerve cells, and blood-
vessels are embedded—
is a peculiar kind of con-
nective tissue, which
is called by Virchow
newroglic and by Kol-
liker supporting tissue.
It consists of three dif-

ferent kinds of ele-

ments : (a,) a hﬂmnge- Fig, 84.—From a Transverse Section
e ‘ant - through a most Peripheral Part of
neous transparent seul-. the White Matter of the Cord.

ﬂuid mﬂf?'?'—ﬂ:, 'W]liﬂh iIl ¢, A special peripheral condensation of
neuroglia; w«, white matter with the

hardened sections ap- medullated nerve-fibres shown in
. cross section, and neuroglia between
pears more or less gran- them. (Atlas)

ular; (6) a network of

very delicate fibrils—mneuroglia fibrils—which are
similar in some respects, but not quite identical with
elastic fibres. In the columns of the white matter
the fibrils extend chiefly in a longitudinal direction,
in the grey matter they extend uniformly in all
directions, and in the septa between the columns they
extend for the most part radially.

(c) Small branched nucleated cells intimately
woven into the network of neuroglia fibrils. These
cells are the neuroglia cells. The greater the amount
of neuroglia in a particular part of the white or
igrey matter the more numerous are these three
elements.

172. In both the white and grey matter the
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neuroglia has a very unequal distribution ; but there
are certain definite places in which there 1s always a
considerable amount—a condensation, as it were, of
neuroglia tissue. These places are: underneath the
pia mater—az.e.,, on the outer surface of the white |
matter—there 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 divisions of columns of white matter ; at
the exit of the anterior and the entrance of the
posterior nerve roots.

A considerable accumulation of neuroglia is
present immediately around the epithelium lining the
central canal ; this mass is cylindrical, and 1s called
the central grey nucleus of Kolliker. The epithelial
cells lining the central canal are conical, their bases
facing the canal their pointed extremity bemg drawn
out into a fine filament intimately interwoven with
the network of neuroglia fibrils. In the embryo and
young state, the free base of the epithelial cells has a
bundle of cilia, but in the adult they are lost. .

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

173. The white matter (Fig. 85) 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 cylinder and
‘a thick medullary sheath more or less laminated,
but are devoid of a neurilemwma and its corpuscles. |
"Of course, no nodes of Ranvier are observable. In ¢
specimens of white matter of the posterior columns, |
where the nerve-fibres have been isolated by teasng §
or otherwise, many fine medullated fibres are met |
with which show the varicose appearance mentioned ‘

!
!
!
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in a former chapter. The medullated nerve-fibres,
or rather the matrix of their medullary sheath, con-
tains neurokeratin, The nerve-tibres 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 tis-
sue septa with ves-
sels, by which the

nerve - fibres Sz Fig. 85.,—From a Transverse BSection
grouped more or through the White Matter of the Cord.

less  distinctly 1 S e Neoween thera with two
divisions. branched neuroglia cells. (Atlas.)
174. Although
most of the nerve-fibres constituting the columns of
white matter are of a longitudinal direction—u.e.,
passing upwards or downwards between the grey
matter of the cord on the one hand, and the brain and
medulla oblongata on the other—+there are nevertheless
a good many 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 commissure. This

consists of bundles of medullated nerve-fibres passing
in a horizontal or slightly oblique manner between the
grey matter of the anterior horn of one side, and the
anterior white column of the opposite side (Fig. 82,¢).

(2) Numerous medullated fibres are derived from
the grey matter, and they pass in a horizontal or
oblique direction into the white matter, especially in
considerable numbers into that of the lateral columns.



130 EremenTs oF HISTOLOGY.  [Chap. XVIL |

Having entered the white matter, they take a longitu-
dinal direction. Most of these fibres enter the white
matter in the septa and septula, by which the nerve-
fibres of the white matter of the columns are sub- °
divided, and having passed in a horizontal direction
in the septa and septula, some for a shorter, others
for a longer distance, they enter the columns and
pursue a longitudinal course. |
175. (3) The medullated nerve-fibres which leave
the cord by the anterior nerve roots are comparatively
thick fibres, whick nass out of the anterior portion of
the grey matter of the anterior horns in bundles;
they pass through the white matter in an {:-bhqu& |
direction by septa and emerge in the anterior lateral
fissure above mentioned. |
(4) The medullated nerve-fibres entering the mri |
by the posterior nerve roots are thinner than those of
the anterior nerve roots ; they pass into the cord by
the posterior lateral fissure. Having entered, they =
divide into two bundles, one medwan and another -
lateral. 'The fibres of the former pass in an oblique
direction into the white matter of the posterior
columns—the cuneiform fasciculus (see above) ,_and,
having run in these in a longitudinal direction, again
leave them sooner or later, and enter, in a hmlzn::-nt»ﬁ!‘ 1
or slwhtly oblique dlrectmn the grey matter of the
posterior horns. The fibres of the lateral bundle, - i
on the other hand, pass directly from the posterior
nerve root into 1:11e hindmost portion of the grey ﬁl
matter of the posterior horn. The nerve-fibres of
the posterior roots entering the grey matter divide !
repeatedly, and show very markedly the varicose
appearance. A%
176. The grey mmatter consists, besides the
uniform network of neuroglia fibres and neuroglia
cells, of nerve-fibres and of nerve-cells, or ganglion cells.
The nerve-fibres are of three kinds-—medullatet
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fibres, simple axis cylinders of various sizes, and primi-

ltive nerve-fibrillze,

The medullated nerve-fibres run a more or less

horizontal course, and they belong to different

urces .—

| (1) Medullated nerve-fibres connected durectly—

i.e., by the axis cylinder process (see below)—awith

yamglion cells of the anterior horns; they leave the
hnterior horns by the septa and septula, and they

orm the anterior nerve roots.
(2) Medullated nerve-fibres which form the an-

erior white commassure ; they are traceable from the
anterior column of one side into the grey matter of
the anterior horns of the opposite side, as has been
" mentioned above; some of these, at any rate, are
istinctly and directly traceable to ganglion cells.

(3) Medullated nerve-fibres derived indirectly
from the median bundle of the posterior nerve rool—
.., coming out of the cuneiform fasciculus of the
yosterior column and medullated nerve-fibres derived
lurectly from the lateral bundle of the posterior nerve-
oof. Both these sets of nerve-fibres can be traced
or longer or shorter distances in the grey matter of
he posterior horns; on their way they undergo
mmerous divisions into very fine medullated fibres.

(4) Medullated nerve-fibres passing from the grey

 natter into the white matter of the lateral colummn. Some
pf these are nerve-fibres that pass simply through the

rrey matter of the anterior horns from an anterior
r1erve root ; others are derived directly from ganglion

~tells forming the columns of Clarke in the dorsal

egion (see below). But the majority are derived from
hat part of the grey matter intermediate between the
nterior and posterior horn.

177. The simple axis cylinders are found very
umerously in the grey matter of all parts; they
ire of various sizes, and run in all directions, many
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of them, especially the larger ones, are only the first
part of the medullated nerve-fibres, being the axis
cylinder process of a ganglion cell, which process,
after a shorter or longer course in the grey matter,
becomes ensheathed in a medullary sheath, and
forms one of the medullated fibres. But there are
also numerous fine axis cylinders, which are the
last outrunners of the nerve-fibres entering the grey
matter by the posterior roots. They are seen every
where, solated and runming wn smaller or larger
bundles.

178. The primitive nerve fibrillee form the greater
part of the grey matter; in fact the matrix of the
grey matter of all parts is composed, besides the
network of neuroglia fibrils, of an exceedingly fine
and dense network of primative fibrille (Gerlach).
These are the groundwork into which pass, and from
which originate, nerve-fibres. The nerve-fibres which
ave derived from the posterior roots having entered
the grey matter of the posterior horn undergo
repeated divisions, and ultimately become connected
with this network of primitive fibrillee, Numerous
nerve-fibres take their origin in the same net-
work, and leave the grey matter as medullated nerve-
hbres which pursue a longitudinal course in the
anterior and still more in the lateral column of the
white matter.

179. The gangiiﬂn cells (Fig. 86) of the
matter are of various sizes and shapes, the branch
or stellate, or multipolar shape being predominant;
some have a more or less spindle-shaped or bipolar
body, but each extremity may be ru:hly bra,nch@
Lach has a large nucleus enclosed in a membrane, an
in it is a 1et1culum with one or two nucleoli. 'm
largest ganglion cells occur in the anterior ]flﬂl.'%
likewise in Clarke’s column of the dorsal region ; the
smallest in the posterior horns. The ﬂa,nghﬂn '

%
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are much more numerous in the anterior horn than in
the posterior, where they are comparatively scarce.

In the former they are all stellate or multipolar,
and form definite groups: () an anierior group,

@

//

Fig. 86, —An Isolated Gancglion Cell of the Anterior Horn of the
Human Cord.

@, Axis cylinder process: b, pigment. The branched processes of the canglion
¢=ll break up into the fine nerve network shown in the upper part of the
figure. (Gerlach, in Stricker's * Manual of Histology.”)

(b) a median or inmer group, and (c) a lateral group.

The cells of the lateral group are the largest, those of

the inner or median group are the smallest of the

‘three. The lateral group of ganglion cells extends in

the cervical region more or less into the white matter
of the lateral column.
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180. In the dorsal region of the cord there exiaﬁ:

Fiz, 87.—An Isolated Multipolar
Ganglion Cell of the Grey Matter
of the Cord.

The dendritieally-branched processes
break up into the fine nerve network
into which is seen to passa fine nerve-
fibre derived from a posterior nerve
root. (Gerlach,in Stricker’s Manual.)

primitive fibrillee, forming

- them belong to the portion
. of the posterior horn near

- but there exists a granular

near the grey commissure
a special cylindrical group
of large multipolar gan-
glion cells, which form the
colummn of Lockhart Clarke.

In the posterior horns
the ganglion cells are few
and far between. Most of

the posterior commissure.
The substance of the
ganglion cells is fibrillated,

I D R o R CERLCTES R R T e S WL SR EE

interstitial material, wh.lg
is especially well developed *
near the nucleus. Some-
times smaller or larger
masses of yellowish pig-
ment granules are present
in this part of the cell
substance—¢.c., near the
nucleus. %

181, The fibrillated sub-
stance of the ganglion cells
is prolonged on to the pro-
cesses. There are always
one or two that are thickgj
than the others. At a
longer or shorter distance
from the cell the proces
branch dendritically i
a large number of fib
which eventually break
into the fine network
the nervous groundwork of

R et I R
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the grey matter (Fig. 87). The ganglion cells of the
anterior horn and the cells of Clarke’s column have,
in addition to these branched processes, generally one
unbranched pale process (occasionally, but rarely, this
is double), which takes its origin in the cell substance
with a thin neck. This is the aats cylinder process of
Deiters ; it becomes invested sooner or later in a
‘medullary sheath, and then becomes a medullated
nerve-fibre, as mentioned on a former page. The
ganglion cells of the posterior horns have no axis
cylinder process, all processes being branched and
connected with the ground nerve network in the same
way as the branched processes of the ganglion cells of
the anterior horns.

Anastomoses between the processes of the ganglion
cells of the anterior horns have been observed in a
few instances (Carriere).

182. The ganglion cells of the anterior horns and
those forming Clarke’s column—i.e., the ganglion
cells with axis cylinder process—are considered as
motor, the others as sensory ganglion cells ; that is to
say, the former are connected with a motor nerve-fibre,
the latter with a sensory fibre; but it would be quite
incorrect to say that all motor fibres are connected
with the former, all sensory fibres with the latter.
183. The white and grey matter is supplied with a
large number of blood-vessels, the capillaries being
more abundant and forming a more uniform network
n the grey than in the white matter; in the latter,
nost of them have a course parallel with the long
1xis, The blood-vessels are ensheathed in lymph
spaces (perivascular spaces of His), and the ganglion
ells are each surrounded by a lymph space (peri-
eliular space).
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CHAPTER XVIL

THE MEDULLA OBLONGATA OR BULB.

184. As the cervical portion of the cord passes

into the medulla oblongata, its parts alter position,
arrangement, and name in the following manner :—

(a) The anterior median fissure is continued as
far as the medulla extends. The posterior fissure of
the cord is also continued on the medulla, but in the
upper portion is lost, owing to the fact that the
central canal, which in the cord is situated in about
the middle, shifts in the medulla towards the posterior
surface, and soon altogether opens into the fourth
ventricle.

185. (b) The tracts of white matter bordering the
anterior median fissure of the medulla, and separated
from the other tracts by a distinet fissure on the
surface, are the pyramidal tracts. As was mentioned
on a former page, the median portion of the anterior
columns of white matter of the cord—z.e., the un-
crossed or direct anterior fasciculus—is a direct pro-
longation of the pyramidal tract, and can be followed
in this upwards into the pyramids—i.e., the oblong
prominences in the upper part of the medulla next
to the anterior median fissure—and thence to the
pons Varolii and farther into the crus cerebri
A major portion of the pyramidal tract crosses in
the lower portion of the medulla, in the anterior
median fissure—this forms the pyramidal decussation
(Fig. 88). These crossed bundles enter the postero-
lateral column of the cord, that part of it which has
been mentioned above as the fasciculus of Turk. The
crossed portion of the pyramidal tract passes into

S - m—h*_-“ﬂ_——-—l—-—-—l—l‘—u—-ﬂ-—— Y
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‘the pyramids and farther on into the pons Varoli and
~erus cerebri.

186. The greater portion of the anterior column

Fig. 88.—Transverse Section through the Medulla Oblongata in the
Begion of the Pyrawidal Decussation.

Sfoy, Anterior pyramidal tract| eqs, lateral nuclens of grey matter; fa, part of
anterior column not decussdating ; ng, nucleus gracilis; g, gelatinous nucleus
of posterior horn ; 11; spinal accessory nerve. (Henle.)

of white matter of the cord is situated deeper in the
medulla than the pyramidal tracts.

(¢) The lateral column of white matter of the
cord can be traced into the medulla as the lateral
tract. In the upper part of the medulla it becomes
hidden from view by the olivary bodies and the
transversely arranged white tracts, The lateral tract
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of the medulla comprises all parts of the lateral
column of the cord including that portion which was
mentioned as the anterior root-zone and the direct
cerebellar fasciculus, but not that posterior division
of it which was mentioned previously as the fasciculus
of Tiirk, or the crossed pyramidal fasciculus.

(d) The posterior column of the white matter of the

cord is continuous with the same column of the medulla.

That portion of 1t which lies next to the posterior
median fissure, and which is called in the cord the
fasciculus of Goll, is in the medulla called the fasciculus
(or funiculus) gracilis. In the upper part of the

medulla, as the central canal opens into the fourth .

ventricle, the fasciculus gracilis turns obliquely out-
wards, and forms the lateral boundary of the ventricle.

187. (e) Thelateral partof the posterior columnof the
cord, which was mentioned as the fasciculus cuneatus, is
prolonged into the medulla under the same name. But
between the two—u.e., the fasciculus gracilis and fasci-

culus cuneatus—there exists another tract, which is

called by Schwalbe funiculus of Rolando. In the
upper part of the medulla the fasciculus cuneatus
becomes covered by transverse bundles of medullated
nerve-fibres ; these pass from the anterior median
fissure across the surface of the pyramids and olivary
body in a transverse direction towards the posterior
fissure, but before reaching this take an upward
direction. These bundles are the external arcuate
fibres. In the upper part of the medulla the ex-
ternal arcuate fibres, part of the funiculus cuneatus
and funiculus of Rolando, as well as the direct cere-
bellar fasciculus of the lateral column, all join to form
a prominent tract of white matter—the corpus resti-
forme—which enters the white matter of the cerebellar
hemisphere on the same side ; this is the pedunculus
cerebelli ad medullam oblongatam, or the lower cere-
bellar peduncle,

%
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188. (/) In theregion of the pyramidal decussation
—a.e., the lower part of the medulla immediately fol-
- lowing the cervical portion of the cord—the grey
matter of the cord is changed in 1ts disposition by
the fasciculus of Tiirk or the crossed pyramidal
fasciculus passing en masse from the lateral column
of white matter through the anterior horns of the :
grey matter. Hereby the anterior portion of the Antiner
grey matter of the cord is shut off from the rest of
the grey matter, and is found lying near the surface of
the lateral column of the lower portion of the medulla
as the lateral nucleus of grey matter (Fig. 88). The
main part of the anterior horn, however, is repre-
sented by the reticular jformation of grey matter.
This contains in its lateral portion, at any rate, the
same large multipolar motor ganglion cells with axis
cylinder processes and ground-network as the anterior
horn of the cord; but in addition there are the
numerous bundles of medullated nerve-fibres passing
through it in transverse, oblique, and longitudinal
directions. Some of these fibres belong to the con-
tinuation of the anterior columns of white matter
of the cord, others join the fasciculus gracilis and
cuneatus, and a third kind pass out from the middle

“ line of the medulla. _
189. (¢) The grey matter of the posterior horns of Vs oy

the cord undergoes a change of disposition when passing
into the medulla. Its hindmost portion is gradually
shifted outwards by the development of the reticular
formation of grey matter, and in about the middle of
the medulla it is found lying near the surface of the
lateral column as the tuberele of Rolando. The rest
of the posterior horn remains at first collected around
the central canal; but as this gradually approaches
the posterior fissure, in order to open as the fourth
ventricle above, the grey matter gradually expands
laterally into the funiculus gracilis and cuneatus of
E—1
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Fig. 89.—Transverse Section through the Medulla Oblongata in the
Region of the Fourth Ventricle. |

fry, Anterior pyramidal tract; fr, restiform bodies; np, nucleus of pyramids;
no, olivary nucleus; moa, accessory olivary nucleus; =h, nuclens of hyp
glossal nerve; ww, nucleus of vaguns; ngl, nucleus of glosso-pharynge

r, raphe: 9, glossopharyngeal nerve; 12, hypoglossal nerve; y, horizont
fibres. (Henle.)
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the white matter, and forms a distinet accumulation
of grey matter in each of these funiculi; they are
respectively the nwcleus gracilis and the nucleus
cuneatus. The former is the grey matter, in the
axis cylinder process of whose ganglion cells the nerve-
fibres of the funiculus gracilis originate; but in the
latter only a portion of the nerve-fibres of the funi-
culus cuneatus take their origin ; since another part
of it joins the restiform body, and so passes into the
cerebellum. :

190. In the upper part of the medulla, 2., in the
region of the fourth ventricle, the grey matter forms a
continuous mass, the floor of the jfourth ventricle (Fig.
89). In this region there is a distinct median septum,
by which the medulla is divided into two halves ; this
is the raphe. It consists of a thin membrane of nerve
substance extending from the anterior longitudinal
fissure to near the middle line of the floor of the fourth
~ iventricle, This membrane consists of white matter
in the shape of bundles of medullated nerve-fibres
passing longitudinally, transversely, and obliquely ;
and of small masses of grey matter interspersed
between the nerve-bundles, and especially at the side
of the raphe, where nerve-fibre bundles pass out of
it. The grey matter contains multipolar ganglion
zells.

191. In a transverse section through the upper
part of the medulla, we find at the side of the
oyramid, and a little behind it, but covered on the
yuter surface by white matter—u.e., the bundles of
aerve-fibres constituting the fibree arcuate externse—
1 plicated lamina of grey matter which constitutes the
lwary nucleus, or nucleus dentatus of the olivary
ooay. It extends with its posterior portion into the
reticular formation. Continuous with the olivary
hucleus, but situated nearer the raphe, is a small
amina of similar grey matter ; this is the accessory
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olivary nucleus. In both nuclei are found numerous
multipolar ganglion cells, each with an axis cylinder |

Process.

192. The grey matter at the floor of the |
fourth vemtricle is that from which the nerve roots
of the cerebral nerves (facial-auditory, glossopharyn- |
geal, pneumogastric, accessory, and hypoglossal) origi- |

nate. The ganglion cells in it are of varlous sizes,

and are aggregated into groups which form the nuelei

of origin of the above nerves. The thin layer of

matter forming the floor of the ventricle, in the striet |

sense, is neuroglia only, a continuation of the central
grey nucleus of the cord.

The nerve cells in the hypoglossal nucleus are
the largest; they are as large as the large cells
of the anterior horns of the cord. The cells of
the glossopharyngeal nerves are considerably smaller.
The motor nerve-fibres (e.g., those of the hypoglossal
and pneumogastric) originate, as the axis cylinder
process of the multipolar ganglion cells, in exactly the

same manner as was mentlmled in the cord, but the

sensory nerve-fibres of these nerves originate frnm the

network, into which the processes of the ganglion

cells of these nuclei break up.

193. In the lower part of the medulla, as long as

there is still a closed central canal, we find next to
this the last outrunners of the groups of ganglion

cells which form the nuclei of the spinal accessory

and hypoglossal nerves.

As we pass upwards, and as the central canal
opens into the fourth ventricle, the groups of ganglion
cells below the floor of the ventricle are so arranged
that we find near the median line the group repre- |

senting the hypoglossal nucleus; then, farther out-

wards, several groups representing several sub-divisions |
of the pneumogastric nucleus ; still farther upwards,
but more in the anterior part of the medulla, the nucleus
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of the glossopharyngeal nerve ; and, lastly, more out-
wards and upwards, several divisions of the nucleus
of the auditory nerve. The nerve-fibres, originating
in these nuclei, pass in bundles through the substance
of the medulla oblongata, so as to appear on the
antero-lateral surface. Of course these nerves, the
nuclei of which are situated nearer to the middle line—
e.g., the hypoglossal and spinal accessory—have to pass
through the reticular formation, whereas those whose
nuclei are situated more laterally pass only through
the lateral part of the medulla.

CHAPTER XVIIL

THE CEREBRUM AND CEREBELLUM.

194. 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 Pacchioni, or arachnoidal villi of |
Luschka, are composed of a spongy connective tissue, I
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 are 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 villi. The spaces of their spongy
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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 epi-
thelial cells, which are ciliated in the embryo and in
the young subj ect.

195. As was mentioned of the cord, so also in the
brain the sub-dural lymph space does not communicate
with the sub-arachnoidal spaces or with the ventri-
cles (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 cerebral nerves and the
membranes of the brain, and the lymph-spaces of both,
are the same as those previously described in the case
of the cord and the spinal nerves.

196. The pia mater passes with the larger blood-
vessels into the brain substance by the sulci of the
cerebrum and cerebellum.

In the white and grey matter of the brain we find
the same kind of supporting tissue that we described
in the cord as neurogha., In the brain also it 1s
composed of a homogeneous matriue, of a network of
neuroglia fibrils, and of branched, flattened neuroglia
cells, called Detters’ cells.

In the white matter of the brain the neuroglia
contains between the bundles of the nerve-fibres rows
of small nucleated cells ; these form special accumula-
tions in the bulbi olfactorii, and in the cerebellum.
Lymph corpuscles may be met with in the neuroglia,
especially around the blood-vessels and ganglion colls.

All the ventricles, including the aqueductus Sylvii,
are lined with a layer of neuroglia, being a direct
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continuation of the one lining the fourth ventricle,
and this again being a direct continuation of the
- central grey nucleus of the cord. Like the central
canal of the cord, also, the ventricles are lined with a
layer of ciliated columnar, or short columnar epithelial
cells.

197. The blood-vessels form a denser capillary
network in the grey than in the white matter ; in the
latter the network is pre-eminently of a longitudinal
arrangement, 4.e., parallel to the long axis of the
bundles of the mnerve-fibres. In the grey cortex of
the hemispheres of the cerebrum and cerebellum, many
of the capillary blood-vessels have an arrangement
vertical to the surface, but are connected with one
another by numerous transverse branches.

The blood-vessels of the brain are situated in
spaces, perwascular 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 matier consists, like that of the cord
and medulla, besides the neuroglia, of a very fine net-
work of elementary nerve-fibrils (Rindfleisch, Gerlach),
into which pass, on the one hand, nerve-fibres, and,
on the other, the branched processes of ganglion cells,

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
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brain are situated in pericellular lymph-spaces (Ober-
steiner).

199. We now follow the above description of
the structure of the medulla with that of the cere-
bellum and pons VaroliL

I. The ecerebellmmm is composed of laming,
folds, or convolutions, composed of 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
connected (¢) with the medulla oblongata by the
corpus restiforme, this forming the inferior peduncle
of the {,Lrebellum (0) with the cerebrum by the
processus GCI‘L]:JP].].I ad cerebrum, this formm the
superior pedunculus ; and (¢) with the other cerebellag |
hemisphere by the commissure passing through the
pons Varolii; this is the pedunculus cerebelli aﬂ
pontem, or the middle pedunculus.

200. On a vertical section, through a lamina of tha
cerebellum (Fig. 90), the f-:}lh:}wmg 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 lamina ; () a thick layer of cortical
grey matter; (¢) the layer of Purkinje’s ganglion
cells ; (d) the nuclear layer, and (e) 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 multzpt}lm 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—i.e., towards
the surface—a thick process which soon branchm |
like the antlers of a deer, the processes being all veﬁ 4
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long-branched and pursuing a vertical course towards
the surface ; sooner or later they all break up inte '
the fine nervous network of the grey cortex. The |
longest processes reach near to the surface. The |
layer (b) above mentioned, i.e., the cortical grey |
matter, 1s In reality the terminal nerve network |
for the branched processes of the ganglion cells |
of Purkinje. Sankey maintains that in the human |
cerebellum there are also small multipolar gang-
lion cells connected with the processes of the cells of
Purkinje.

202. The nuclear layer contains a large number
of spherical or slightly oval nuclei embedded in a °
network of fine fibrils, the nature of which is not
definitely ascertained, ue., whether 1t consists of |
neuroglia only, or whether it contains, in addition, |
also a network of nervefibrils, The latter is ex- |
ceedingly probable. The nuclei are nuclei of neure- |
olia cells, of lymph corpuscles and of small ganglion |
cells.

The axis cylinder process of the ganglion cell of
Purkinje passes through the nuclear layer, and be-
coming invested with a medullary sheath, enters as
a medullated nervefibre the central white matter
There are, however, medullated nerve-fibres of the
central white matter, which are not connected with an |
axis cylinder process of a Purkinje’s cell, but enter
the nuclear layer and probably terminate there in the
nerve network, or pass through it and terminate in the
nerve network of the grey matter of the cortex.

203. IL. The poms Varolii (Fig. 91) is a pro-
longation partly of the medulla and partly of the
cerebellum, Of the latter only white matter passes
transversely into the anterior portion of the pons,
and forms there the transverse bundles of nerve-fibres,
which give to the pons the horizontal striation. |

As we pass upwards—u.e., farther away from the
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medulla, this part of the pons—a.e., that composed of
| horizontal fibres—increases in thickness,
| 204. Of the medulla there is a greater portion

b [Fig. 91.—Transverse Section throngh the Lower Corpus Quadrigeminum
' and the Pons Varolii.

i‘mb Aqueductus sylvii; 5, crossing of the brachia of the lower corp. quadrie.; g,
i‘.l r’ lion of the lower corp. quadrig.; s,pedunculus of the lower corp. quadrig.:
g %:,m%e mentum ; 5, the descending root of the fifth ; » bundles of the
5 anterior rwmmld&f tracts in cross section; trp, deep transverse bundles
[e of the pons; trs, superflcial transverse bundles of the pons, (Meynert,in
Stricker’s Manual,)

4

- sontinued into the pons than of the cerebellum.
m) There are the pyramidal tracts ; they do not lie on
he surface as in the medulla, but are hidden by some
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—the most anterior bundles—of the transverse fibres,
The bundles of the pyramidal tract pass as longitudinal
fibres merely through the anterior half of the pons,
and enter the crura cerebri where they form the
crusta. (2) The raphe. (3) The reticular formation;
but this is limited to the posterior part. Small masses
of grey matter and ganglion cells are scattered every-
where between the transverse bundles of the nerve-
fibres of this formation. (4) The grey matter at the
floor of the fourth ventricle. This grey matter con
tains also on the posterior surface of the pons groups
of multipolar ganglion cells.

Near the middle line there is a group of large
multipolar ganglion cells, each with an axis cylinder
process. This is the nucleus for the sixth nerve, and
of part of the seventh, the former lying more median
than the latter. There is another nucleus of the
seventh situated more deeply—i.e., in the reticular
formation. More outwards we meet with the superior
nucleus of one of the roots of the auditory nerve.
Farther upwards we meet with the nucleus of the
motor roots,of the fifth.

(5) In the lower part of the pons there exists also
a continuation of the grey matter of the corpus den-
tatum of the olivary body.

205. The pons is connected with the cerebrum by
the crusta of the erus cerebri, which, as mentioned
above, are bundles of medullated nerve-fibres passing
merely through the pons but being continuations of
the anterior pyramidal tracts of the medulla.

206. III. The hemispheres of the ecere=
brum.—On a vertical section each convolution shows
a white centre and a grey cortex. The former is com-
posed of medullated nerve-fibres. The white matter
of the convolutions of the cerebral hemispheres 1s ar-
ranged as (a) the centrum ovale—i.e., the central mass
of white matter from which the lamina of white matter

s

s 4



 lfor each convolution
branches off, and, (b),
the commissure of white
iﬁ matter between the two

. |hemispheres, .¢., the
- leorpus callosum and
- lamberior — comamassure.

The centrum ovale again
d I-u'i sists of tracts \Df

another, and (b) such as
ass between the con-
~lvolutions on the one
“lhand, and the thalamus
opticus, the pons, and
edulla on the other.

opticus, and to the crus
erebri.

| The grey cortex con-
B l:}]ists, according to Mey-
- mert, of the following
- [layers (Fig. 92) :—(1) a
- superficial layer of grey

e —

. 92. — Vertical Section
through the Grey Matter of a
Cerebral Convolution.

la, Superficial layer;

F
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" A

'3 b, closely-
ed small ganglion cells ; ¢, the
er of the cornu Ammonis, this
being the principal layer: o, the
“granular formation,” small
multipolar ganglion c&fls; e, the
la%er of nmndle-shaged ganglion
cells. (Meynert, 1in
Manual.)
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matter (neuroglia and nerve ground network), with
- few and small ganglion cells,
(2) A layer of small more or
less pyramidal ganglion cells
densely aggregated. (3) Thﬁ
formation of the cornu Am-
monis. This is the principal
or broadest stratum of the
cortex ; it 1s composed of
several layers of large, pyra-
midal ganglion cells, increas- |
ing in size as a deeper ]zzv,jr'ﬁE
is reached.
The pyramidal cells &
this third and of the previous
second stratum consist of a
pyramidal body including ﬁ
oval vesicular nucleus (Flg
93). From the body pass
the following principal p
cesses:—(a) ] 1eprocessof tl
apex, directed towards t
surface of the convolution
it can be traced ﬁ@
a longer or shorter
distance. (b) The
lateral basilar pro-
cesses, and ﬁna. Iy
the medlan
process. This latter
is fine, remains un-
branched, and 1s ﬁ |

Fig. 93.—A large Pyramidal Ganglion axis G}fllnder
ell of the Grey Cortex of the Human 4 ¢ becoming

Cerebrum, M d 3
P
The proecess of theapex and the other processea vested wl a meau ,L T

l_.;'
hranch and hreak up into the filne nerve net- e,
work. g'he median pr];mess I?f dthel:éaabe of the I&I‘y sheath is a ne 7 g
'DFI‘&m:. remains unbranched, an ecomes gl
an axis cylinder of a nerve-ﬂbfe {Atlas.) ﬁbI‘E ﬂ'f t;hE centl el
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white matter. The other processes, sooner or later in
their course, branch and break up finally into the
nerve ground network of the grey matter. (4) A thin
stratum of small irregular branched ganglion cells, the
granular formation of Meynert. (5) A last stratum
of spindle-shaped and branched ganglion cells, ex-
tending parallel to the surface.
907. According to Meynert, the grey cortex of the
]pﬂstericr portion of the occipital lobe about the sulcus
hippocampi consists of eight layers, the granular for-
mation being the principal one. In the grey cortex of
the cornu Ammonis, on the other hand, the third
layer is the principal layer, the fourth being wanting.
In the claustrum (part of the wall of the Sylvian
fissure), the spindle-shaped cells of the fourth layer
form the principal stratum.

208. The bulbus olfactorius contains in most
mammals, but not in man, a small central cavity
lined with columnar ciliated epithelial cells. The sub-
stance of the bulb around this cavity consists of an
upper part, which is white matter, and is a continua-
tion of the tractus olfactorius. The lower part is
grey matter, and contains the following layers, count-
ing from below upwards: (1) a layer of non-medul-
lated nerve-fibres, each with a neurilemma ; this layer
forms farther on the olfactory nerve going to the
olfactory organ ; (2) the stratum glomerulosum, com-
posed of a number of glomeruli or convolutions,
ieach of which consists of an olfactory nerve-fibre, and
in addition to it numerous small neuroglia cells ; (3)
stratum gelatinosum of Lockhart Clarke, composed
of a fine nerve network, and embedded in it multi-
polar ganglion cells; (4) a last and thickest layer of
uclei embedded in a network of fibrils, and similar in
structure with the ¢ nuclear layer.”

209. IV. The mesemcephalom.—The fourth
ventricle above the upper part of the pons Varolii
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closes again into a small canal (the aqueductus Sylvii)
which having passed in front out of the region of the
corpora quadrigemina opens out again as the third
ventricle. The parts around the aqueductus Sylvii
represent the mesencephalon (Fig. 91), developed
from the middle brain vesicle in the embryo. They
include the wall of the aqueductus Sylvii, the corpora
quadrigemina, and the crura cerebri.

The aqueductus Sylvie is lined with epithelium
and a layer of neuroglia continued from the fourth
ventricle. The raphe of the medulla and of the pons
are continued into the lower wall of the aqueductus.
The lining layer of neuroglia is on its antero-inferior
aspect surrounded by a layer of grey substance con-
tinued from the grey substance of the floor of the fourth
ventricle. It contains in a nerve network numerous
multipolar ganglion cells grouped into nerve nuclei,
connected with the third, fourth, and part of the fifth
pair of nerves. In front of this layer is one of con-
siderable thickness called the fegmentuwm, which is the
dorsal or posterior portion of the erus cerebri

210. The corpora quadrigemina.—Fach of
the two lower lobes consists of a superficial layer of
white matter, and a deep grey portion, containing
multipolar ganglion cells of various sizes embedded
in a fine nerve network. Between this and the
grey substance of the wall of the aqueductus Sylvii
are tracts of white matter, forming part of the fillet.
In each of the two upper lobes there is also a super-
ficial layer of white matter, beneath which is a layer
of grey matter (stratum cinereum) ; underneath this
is the main portion (the stratum opticum) consisting
of longitudinal tracts of nerve-fibres, between which
are small masses of grey substance. Between this
stratum opticum and the grey matter forming the
wall of the aqueductus Sylvii is a layer of white
matter, part of the fillet.
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211. The erus eerebri of each side consists of an
antero-inferior, middle, and postero-inferior portion.
The antero-inferior or ventral portion is the crusta, or
pes ; the postero-inferior or dorsal portion is the teg-
mentum. Between the two is the substantia nigra.
The erusta is composed of longitudinal tracts of me-
dullated nerve-fibres passing from the margin of the pons
Varolii to the internal capsule of the thalamencephalon,
and farther into the white matter of the hemisphere.

912. The tegmemntuem has been mentioned above
| as being situated in front of the grey matter forming
the anterior wall of the aqueductus Sylvii. The
tegmentum is a prolongation of the reticular formation
of the pons Varolii and medulla (see above), te., small
masses of grey substance separated by tracts of nerve-
fibres, most of which run in a longitudinal or transverse
direction. The longitudinal bundles include a con-
tinuation of the white matter of the cerebellum,
mentioned in a previous page as the superior peduncle
of the cerebellum, or the pedunculus cerebelli ad
cerebrum. These undergo total decussation in the
upper part of the mesencephalon, and ultimately enter
the thalamus opticus.

213. The substantia migra is grey matter
situated between the two crusta and the tegmentum ;
it has received its name from the numerous dark
pigment granules lodged in the substance of its gan-
glion cells. These are small and multipolar.

214, V. The thalamencephalon and corpus
striatum.—The former comprises the parts of the
brain situated round the third ventricle, the most im-
portant being the thalamus, the conarium or pineal
body, the corpora albicantia, the infundibulum and
tuber cinereum, and the pituitary body or hypophysis
cerebri. The corpus striatum is the ganglion of the
cerebral hemisphere, and like it originates from the
frontal part of the first cerebral vesicle of the embryo.

r—1
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215. The thalamus opticus consists of a super-
ficial layer of white, and a centre of grey matter.
In this numerous multipolar ganglion cells are noticed.
The white matter in the outer portion is very con-
siderable, and of great importance from its connec-
tions. From it radiate tracts of medullated nerve.
fibres, which join the tracts of the internal capsule on
their way to and from the different parts of the
cerebral hemisphere.

The superior peduncle of the cerebellum, after its
decussation with that of the opposite side, passes
into the white matter of the thalamus. The trac-
tus opticus is connected with the outer white matter
of the posterior portion of the thalamus—uz.e., the
pulvinar.

216. The corpus striatum, as stated before,
is considered as the ganglion of the cerebral hemi-
sphere. It consists of the nucleus caudatus and the
nucleus lenticularis,. The former projects into the
lateral ventricle, the latter is the outer portion of
the corpus striatum. The nucleus lenticularis is
separated from the nucleus caudatus and from the
anterior portion of the thalamus opticus by tracts of
medullated nerve-fibres, known as the internal capsule.
On the outer surface of the nucleus lenticularis is a
thin lamina of white matter which is the external
capsule. This is separated from the white matter
of the cerebral convolutions at this part—a.e., the
wsland of Reil—Dby a thin lamina of grey matter, called
the claustrum. The nucleus caudatus and lenti-
cularis consist of grey matter with larger and smaller
groups of multipolar ganglion cells, permeated by
tracts of medullated nerve-fibres, which originate in
the grey matter. These tracts of white matter pass
transversely and obliquely into the internal capsule,
and are to be traced on the one hand to the white
matter of the convolutions of the cerebral hemisphere,
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(which is, however, doubted by many observers), and
on the other into the crusta of the crus cerebri.

217. The internal capsule 1s one of the most
important masses of white matter; it contains the
tracts of medullated nerve-fibres which pass between
the white matter of the cerebral hemisphere and the
crus cerebri—i.e., the corona radiata of Reil ; further,
1t contains tracts of medullated nerve-fibres passing
between the thalamus opticus and the white matter
of the cerebral hemispheres; and, finally, it contains
tracts of nerve-fibres passing between the corpus
striatum and the crus cerebri.

218. The pineal ]jod‘_r., or conarium, and the
anterior lobe of the hypophysis cerebri, are ep1t11e:11.a,l
in structure and origin, and will be described in a
future chapter. The pmeal gland contains a large
amount of calecareous matter—brainsand.

The corpora albicaniia are masses of white
matter — 2.e., medullated nerve-fibres; each corpus
albicans includes a centre of grey substance.

The wnfundibulim and tuber cinerewm at the floor
of the third ventricle are composed of grey matter ;
the latter extends between the corpora albicantia
to the optic commissure, while the former is connected
with the posterior or minor lobe of the hypophysis,

CHAPTER XIX.

THE CEREBRO-BPINAL GANGLIA.

219. Tue ganglia connected with the posterior
roots of the spinal nerves, and with some of the
roots of the cerebral nerves, Gasserian, otic, geni-
culate, ciliary, Meckel’s ganglion, the ganglia of
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the branches of the acoustic nerve, the subma.xﬂlary |
ganglion, &c.—possess a capsule of fibrous connective
tissue continuous with the epineurium of the afferent
and efferent nerve trunks. The interior of the ganglion |
is subdivided into smaller or larger divisions, contain- |
ing nerve bundles with their perineurium, or larger
and smaller groups of ganglion
cells. In the spinal g&nghﬁ
these latter are generally
posed about the cortical pm |
whereas the centre of -
cganglia is chiefly occupied %v ii
bundles of nerve-fibres. :
220. The ganglion cells differ
very greatly in size, some bein
as big, and bigger, than a 1 .
multipolar ganglion cell of the
anterior horn of the cord, others
much smaller. Kach cell has
a large oval nucleus, including
a netwmk with one or two
large nucleoli,  Its substance -
shows a distinet fibrillation.
Each cell of the ganglia in man
and mammals is wunipolar (Fi
94), flask or pear-shaped, |
invested in a hyaline mpw@j '_
lined with a more or less con- |
tinuous layer of nucleated endo:
thelial cell-plates. The single

process of the ganglion cell is

Fiz. 9i.—A large and small
Ganglion Cell of the Gang-
lion Gasseri of the Rabbit.

The axis cylinder, after lea?mg
the cell, becoines convolute
and transformed into a medul-
lated nerve-fibre, which divides
into two medullated fibres.
{Key and Retzius.)

convoluted (Retzius); it is then covered with a

finely and longitudinally stri-
ated, and is an axis ¢ ]Jmﬁ

process. Immediately after
leaving the cell body 11: is much

dullary sheath, and so becomes a medullated ne




e

corpuscles lining the neurilemma, their
pnumber greatly diminishing (Fig. 99).

221. In the rabbit this medullated
nerve-fibre at its first node of Ranvier,
vhich is not at a great distance from
- the ganglion cell, divides into two me-
| ullated uerverhbres in the shape of a
one branch is supposed by Ranvier
to pass to the cord, the other to the
periphery. In man, this T-shaped
livision has also been observed by

pertainty that in rabbit or man
svery axis cylinder process shows this
-shaped division. Retzius observed
his T-shaped division also in the
asserian, geniculate, -and vagus gan-
zlia in man.

The ganglion cells are not unipolar
n all cerebral ganglia ; in the ciliary
- hnd otic ganglia there are a good many
- ganglion cells which are multipolar.
222, Numerous ganglia of micro-
pecoplc size are to be found in the
- pub-maxillary (salivary) gland; they
wre of different sizes, and are in
Peality ganglionic enlargements of
~ larger or smaller nerve-bundles. Each
‘Janglion is invested in connective
 [issue continuous with the perineu-

—
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fibre. The capsule of the ganglion cell is continued
on the axis cylinder process, and, farther on, on the
medullated nerve-fibre, as the neurilemma ; while the
endothelial plates of the capsule pass into the nerve

Fig. 85.—An iso-
lated Ganglion
Cell of a Bpinal
Ganglion of
Toad.

The axis cylinder
Cceas becomes
ransformed into a
medullated nerve-
fibre. The capsule
of the cell is pro-
longed as the neu-
rilemma of the
nerve-fibre.  [(Key
and Retzius.)

rlum, and the ganglion cells are unipolar, and of the
Iame nature as those described above, each being

- possessed of an axis cylinder process, which becomes

:
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soon connected with a nervefibre. At the back
of the tongue there are similar small microscopi i'I

ganglia. A
Y

1

i
il
il

CHAPTER XX,

THE SYMPATHETIC SYSTEM.,

223. THE sympathetic nerve-branches exactly re-
semble the cerebro-spinal nerves in their connective
tissue investments (epi- peri- and endo-neurium), and

Fig. 96,—Sympathetic Nerves.

A, A small bundle invested in an endothelial sheath
medullated and three non-medullated nerve-fibres o
largest shows division ; ¢, two varicose nerve-fibres. (Atlas.)

Fenneurium ; B, Ol
various sizes; :

in the arrangement of the fibres in bundles '
96, o). Most of the nerve-fibres in the bundles

non—medullated or Remak’s fibres (Fig. 96, B), e
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" | being an axis cylinder invested in a neurilemma, with
- | oblong nuclei indicative of nerve corpuscles. But there
are some medullated nerve-fibres to be met with in

Fiz, 97.—A group of Ganglion Cells interposed in a bundle of Sympa-
Ehetic Nerve-fibres ; from the Bladder of a Rabbit. (Handbook.)

each bundle, at least, of the larger nerve-trunks.
These in some cases show the medullary sheath more
or less discontinuous, and with a varicose outline

Fig, 98.—A small collection of Ganglion Cells along a small Bundle of
Sympathetic Nerve-fibres in the Bladder of the Rabbit.

Each ganglion cell possesses a capsule, The substance of the ganglion cell is
prolonged as the axis ¢ylinder of a nerve-fibre. (Atlas.)

(Fig. 96, ¢), owing to a uniform local accumulation of
- fud between it and the axis eylinder. The small or
- microscopic bundles of nerve-fibres have an endothelial

&l



168 ELEMENTS OF HISTOLOGY.  [Chap. XX

(perineural) sheath. The small and large branches '
form always rich plexuses. ]

224. In connection with the macroscopic and
microscopic sympathetic nerve-branches, are gang-
lionic enlargements. They occur in some organs very
numerously—e.g., alimentary canal, urinary bladder
(Fig. 97 and Fig |
98), respiratory or-
gans—and are of
all sizes, from

laterally to,
nerve-fibres of
small bundle,
oval, spherical,
irregularly - shaped
masses of ganglion
cells placed in the
course of a large
nerve - bundle, or
situated at the point
i of anastomosis of
i two or more nerve-
branches. :

The  ganglion |
cells (Fig. 99) are
of very different
sizes, each possess-
ing a large oval or |
£ spherical nucleus

Fig. 99.—Sympathetic Ganglion Cell of Man, with one or tw‘ﬂ '

- L
The ganglion ce}: is mu]ftipula.lil; each pll'nce%s ll'fa nu G]. € Dll' Thﬂﬂ" |
CELVINZ A4 neurliemma Trom the capsule oI the s T o 1
cell beeomes a non-mwedullated nerve-fibre. (Key Shape 18 sPherm_a;l
and Retzius.) or G‘F&l, ﬂasﬁﬁ

shaped, club-shaped, or pear-shaped; they possess.
either one, two, or more processes, being uni-, b@ |

&



thus representing non-medul-
lated nerve-fibres. Theydo not
 become as a rule medullated.
 225. In the frog (Beale,
Arnold) and also in some few
instances in the mammal, the
sympathetic ganglion cell gives
off one straight ears cylinder
process, into which the sub-
stance of the ganglion cell is
prolonged. This is entwined
by a thin spiral fibre (Fig. 100),
taking its origin by two or
more rootlets from the ganglion
cell substance, and circling
round the (thicker) . straight
axis cylinder process. A single
neurilemma ensheathes them
both. Soon the spiral fibre
leaves the axis cylinder process,
becoming invested with a
medullary sheath and its own
neurilemma, thus forming a
medullated fibre, whereas the
straight axis cylinder continues
its course as a non-medullated
nerve-fibre (Key and Retzius).
226. The ganglia in connec-
tion with the plexuses of nerve

‘_branc}les of the heart, the
ganglia in the plexus of non-medullated nerve-fibres
xisting between the longitudinal and circular coat
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or multi-polar. The cell is invested in a capsule lined
with nucleated cells, both being continued on the pro-
cesses as neurilemma and nerve corpuscles respectively.

The processes of the ganglion cells are all axis
cylinder processes, and invested in the neurilemma,

Fig. 100.—A Sympathetic
Ganglion Cell of the Frog,
showing the straight pro-
cess and the spiral fibre;
the latter becomes a me-
dullated fibre. (Key and
Retzius,)
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it
of the external muscular coat in the alimentary canal,
known as the plexus myentericus of Auerbach, the

ganglia in the plexus of nerve branches of the suﬁhl

Fig. 101.—Plexus of fine Sympathetic Nerve-fibres, with Ganglionie
Enlargements in the Nodal Points. From the Plexus of Meissner
in the Submucous Tissue of the Intestine. -

a, Fine nerve-fibres; b, groups of ganglion cells interposed between .“
nerve-fibres. :

mucous tissue in the alimentary canal, known
Meissner’s plexus (Fig. 101), the ganglia in the nerve
plexuses in the outer wall of the bladder, in the bre
chial wall, and in the trachea, and lastly the ganglia
connection with the nerves supplying the ciliary musecle
of the eye, all belong to the sympathetic system.
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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. This cement
covers the outside of
the dentine of the
fang or fangs, in the
same way as the enamel
covers the dentine of the
crown. The crusta pe-
trosa is covered on its
outside by a dense fibrous
tissue acting as a perios-
teum to it, and is fixed
by it to the inner surface
of the bone forming the
wall of the alveolar
cavity.

228. The emamel
(Fig. 103) consists of
thin microscopic pris-
matic  elements, the
enamel prisms placed
closely, and extending in

THE
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CHAPTER XXIL

TEETH.

927. A muMAN tooth, adult and milk-tooth, consists
(Fig. 102) of (a) the enamel covering the crown, (b)

e - 8

Fig. 102,—Longitudinal Section
through the Prsemolar Tooth of
Cat.

a, Enamel ; b, dentine; ¢, crusta petrosa -

d and e, periosteum ; f, bone of alveo-
lus. (Waldeyer, in Stricker's Manual.)
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a vertical direction from the surface to the dentine.
When viewed in transverse section, the enamel prisms
appear of an hexagonal outline, and separated by a very
fine interstitial cement substance. The outline of the
enamel prisms is not straight, but wavy, so that the
prisms appear varicose. The prisms are aggregated
into bundles, which are not quite parallel, but more
or less slightly overlap one another. On a longitudinal
section through a tooth, the appearance of alternate

Fig. 103.—Enamel Prisms,
A, In longitudinal view ; B, in cross section. (Kdlliker.)

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 tecth 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.

229. The demtine is the principal part of the hard
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substances of the tooth. It forms a complete invest-
ment of the pulp cavity of the crown and fang, bemg
slightly thicker in the

former than in the latter —//————=

—— —'—""-wh i = B e — marh
-

e 'bhe denting 18 ji=—me—— -
| composed of (Fig. 104): N —
(1) a homogeneous ma-
trixc; this is a reticular
tissue of fine fibrils im-
pregnated = with lime-
salts, and thus resem-
bles the matrix of bone ;
(2) long fine canals, the
dentinal canals or tubes
passing in a more or less
spiral manner, and ver-
tically from the inner
to the outer surfuce of
~ the dentine. These tubes
are branched ; they open
in the pulp caut}' with
their broadest part, and
become smaller as they
approach the outer sur-
face of the dentine.
Each canal 1s lined with
a delicate sheath—the
dentinal sheath. Inside
the tube 1s a fibre, the
dentinal ﬁb?"ﬁ a solid Fig. 104, —From a Section through
elastic fibre originating L i

a, Crusta petrosa, with large bone cor-
with its thickest part ‘puscles ; b, interglobular substance

~at the pulp side of the (é'nr?gﬂ'fﬂirl-l;ﬁwi'll?s (BdeTL &

dentine from ceils lining

the outer surface of the pulp, and called odontoblasts.
On the outer surface of the dentine, both in the

region of the enamel and crusta petrosa, the dentinal

- — _
.
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tubes pass into a layer of intercommunicating irregular |
branched spaces, the interglobular spaces of Czermak, |
or the granular layer of Purkinje. These communicate :
with spaces existing between the bundles of enamel
prisms of the crown, as well as with the bone lamins |
of the crusta petrosa of the fang. The interglobular @
spaces contain each a branched nucleated cell. The ’
dentinal fibres anastomose with the processes of these
cells. The ncremental lines of Salter are lines more [
or less parallel to the surface, owing to imperfectly cal- *
cified dentine—the interglobular substance of Czermak, |
The lines of Schreger are curved lines parallel to the |
surface, and due to the optical effect of simultaneous
curvatures of dentinal fibres. _
230. The cememt is osseous substance, being
lamellated bone matrix with bone corpuscles. There |
are no Haversian canals. |
231. 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 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. :
232. On the outer surface of the pulp—ui.e., 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. 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 adonﬁii‘ |
blasts proper are concerned in the production of the
dentinal matrix, according to some by a continuous
growth of the distal or outer part of the cell and

" e l'
bl
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a petrifaction of this increment, according to others
by a secretion by the cell of the dentinal matrix.
Waldeyer, Tomes, and others, consider the odontoblasts
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.

223. Development of teethh.—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
groove 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 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. During this
time the connection between the surface epithelium
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.

234. The enamel cap (Fig. 105) is composed of
three strata—an inner, middle, and outer stratum.
The inner stratum is a layer of beautiful columnnar
epithelial cells, the enamel cells; they were ori-
ginally continuous with the deep layer or the

lumnar cells of the surface epithelium. The middle
stratum is the thickest and is of great transparency,




176 ErLEMENTS oF HisToLoGcy.  [Chap. XXI.

owing to a transformation of the middle layer of the
epithelial cells into a spongy gelatinous tissue, due to
accumulation of fluid between the epithelial cells
of this layer, and to a reduction of its substance
to thin nucleated plates, apparently branched. The

Fig. 105.—From a Section through the Tooth and Lower Jaw
of Feetal Kitten.

a, Epithéelium of the free surface of the gum : 3, the mucous membrane of same ;
¢, spongy bone of jaw; 4, papilla of tooth; e, ndonmhlasrlﬁ; J, dentine: g,
enamel ; A, membrane of Nasmyth ; i, enamel cells; j, middle layer of enamel
organ ; k, outer layer of enamel organ.

outer stratum consists of one or more layers of
polyhedral cells, continuous with the deep layers of
cells of the epithelium of the surface of the gum.
Outside the enamel cap is the gelatinous wvascular
tissue of the mucous membrane of the gum.

235. The feetal tooth papilla is a vascular embryo-
nal or gelatinous tissue ; on its outer surface a con-
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densation of its cells is soon noticeable into a more or
less continuous stratum of elongated or columnar cells,
the odontoblasts.

236. The dentine is formed in connection with
the odontoblasts (Fig. 105); on its outside appears the
enamel formed by the enamel cells, i.e., the Inner
layer of the enamel organ. The dentine and enamel
are deposited gradually, and in layers. At first they
are soft tissues, showing a vertical differentiation
corresponding to the individual cells of the enamel
cells and odontoblasts respectively. Soon lime salts
are deposited in it, at first imperfectly, but afterwards
a perfect petrifaction 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 dentine
next to the odontoblasts.

The milk tooth remains buried in the mucous
membrane of the gum. When it breaks through, the
enamel remains covered with—a.e., carries with it
the inner stratum of the enamel organ only, z.e., the
enamel cells (Fig. 105, %) ; these at the same time as
the surface of the enamel increases become much
flattened, and, finally losing their nuclei, are con-
verted into a layer of transparent scales, the membrane
or cuticle of Nasmyth.

237. Long before the milk tooth breaks through

. the gum, there appears a solid cylindrical mass of
~epithelial cells extending into the depth from the
connection between the enamel organ and the epithe-
lilum of the surface of the gum mentioned above.
This 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
M—1
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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 its socket.

CHAPTER XXIL

THE SALIVARY GLANDS.

238, THE salivary glands, according to their
structure and secretion, are of the following kinds :—
(1) Zrue salivary (Fig. 106), serous, or albuminous

Fig. 106.—From a Section through a Serous or True Salivary Gland ;
part of the Human Sub-maxillary.

a, The gland alveoli, lined with the albuminous “ salivary cells ; * b, intralobular
duct cut transvergely. (Atias)
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glands, such as the parotid of man and mamumals,
the sub-maxillary and orbital of the rabbit, the sub-
maxillary of the guinea-pig. They secrete true, thin,
watery saliva. '

(2) Mucous glands, such as the sub-maxillary and
orbital of the cat and dog (Fig. 107), the sub-lingual

Fig, 107.—From a Section through the Orbital (mucous) Gland
of Dog. Quiescent state.

The alveoli are lined with transparent * mucous cells,” and ontside
these are the demilunes of Heidenhain. (Heidenhain.)

of the cat, dog, rabbit, and guinea-pig. They secrete
thickish mucus.

(3) Mized salivary, or muco-salivary glands, such as
the sub-maxillary and sub-lingual in man and in the ape.

In addition to the three salivary glands (parotid,
sub-maxillary, and sub-lingual) there are in some
cases, as in the rabbit and the guinea-pig, two minute
additional glands, one intimately annexed to the
parotid and the other to the sub-maxillary, and both
of the nature of a mucous gland. These are the
superior and inferior admaxillary glands
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239. The framework.—Each salivary gland |
1s enveloped In a fibrous connective tissue capsule, |
in connection with which are fibrous trabeculee and
septa in the interior of the gland, by which the sub-
stance of the latter is subdivided into [lobes, these
again into lobules, and these finally into the alveoli
or acini. The duct, large vessels and nerves pass
to and from the gland by the hilum. The con-
nective tissue 1s of loose texture, contains elastie
fibres, and, in some instances more, in others less, |
numerous lymphoid cells. In the sub-lingual 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.

240. The ducts.—Following the chief duct of
the gland through the hilum into the interior, we see
thn,t it divides into several large branches, a.cmrdmg
to the number of lobes; each of these breaks off
mto several branches, one for each lobule. Entering
the lobule the duct becomes very minute, and passing
along it gives off laterally several minute duets,
these are the sntralobular ducts, or the salivary tub@g
of Pfliiger. The larger ducts are called the wnier-
lobular, and further, interlobar ducts. KEach of the
latter consists of a limiting membrana propria,
strengthened, according to the size of the duect, by
thicker or thinner trabeculse of connective tissue. In
the chief branches there is present in addition non-
str 1ped muscular tissue. The interior of the duct 18
a cavity lined with a layer of columnar »a-plthehal
cells. In the largest branches there is, outside this
layer and inside the membrana propria, a layer
small polyhedral cells.

241. The imiralobular ducts, or the sahva,ry
tubes of Plliiger, consist of a limiting memb

t—-
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propria, with a single layer of columnar epithelial cells.
Each of these has a spherical nucleus in about the
middle ; the outer half of the cell substance shows
very marked longitudinal striation, due to more or
less coarse fibrillze (see Kig. 106). The inner half,
2.e., the one bordering the lumen of the duct, is only
very faintly striated. The outline of these salivary
tubes is never smooth, but irregular, 7.e., 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 fibrillation
in the outer part of their substance; e.g., it is not
present in the sub-lingual gland of the dog or the
guinea-pig. '

242. The ends of the branches of the salivary
tubes are connected with the secreting parts of the
lobule, 2.e., the acini or alveoli. These always very
conspicuously differ in structure from the salivary
tubes, and, as a rule, are larger in diameter. The last
part of the duct which is in immediate connection with
the alveoli is the wntermediate part, this being inter-
posed, as it were, between the alveoli and the salivary
tube with fibrillated epithelium. The intermediate part
18 much narrower than the salivary tube, and is lined
with a single layer of very flattened epithelial cells,
each with a single oval nucleus; the boundary is
formed by the membrana propria, continued 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 tho mucous, this
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neck is the only portion of the intermediate par
present, e.g., in the sub-maxillary and orbital glands 5
the dog and cat, and in the sub-lingual of the rabbit
In uthers espema]ly in the serous salivary glands,,
the parotld of man and mammals, the sub-maxillas
of the rabbit and guinea-pig, and in the mixed sa.h Ty,
as the sub-maxillary and sub-lingual of man, nere
exists after the neck a long intermediate part, wh

gives off' several shorter or longer branches of t]
same kind, all ending in alveoli.

243. The alveoli or acini are the essential
or secreting part of the gland ; they are flask-shaped,
elub—shaped shorter or lﬁncrer cylindrical tubes, more |
or less wavy, or if long, more or less convolute d; |
many 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
intermediate part, and slightly larger, or about as
large as the intralobular ducts. But there is a
ference in this respect between the acini of a sert
and a mucous salivary gland ; in the former the ae
are smaller than in the latter. 4

The membrana propria of the intermediate duet
is continued as the membrana propria of the acimi’
This is a reticulated structure, being in reality a bs
shaped network of hyaline branched nucleated ct
(Boll). The lumen of the acini is minute m
serous, but is larger in the mucous glands;
in both glands smaller during secretion than n
rest.

244. The epithelial cells lining the acini
called the salivary cells; they are of differ
characters in the different sa.hva.ry glands, and ¢
determine the nature of the gland. The ce]]s
separated from one another bv a fluid albumin
cement substance. (1) In the serous or true sa iy
glands, as parotid of man and mammals, sub-masxill

Al P T D S (% Sl Ve i
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of rabbit and guinea-pig, the salivary cells form a
single layer of shorter or longer columnar or pyra-
midal albuminous cells, composed of a densely reticu-
lated protoplasm, and containing a spherical nucleus in
the outer part of the cell. (2) In the mucous glands,
such as the sub-lingual of the guinea-pig, or the
admaxillary of the same animal, the cells lining the
acini form a single layer of goblet-shaped mucous
cells, such as have been described in par. 25. KEach
cell consists of an inner principal part, composed of a
transparent mucoid substance (contained in a wide-
meshed reticulum of the protoplasm), and of an outer
small, more opaque part, containing a compressed 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, is imbricated on 1its
neighbours,

245. 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 crescentic masses, being the demi-
lunes of Hewdenhain, or the crescents of Gianuzzi (see
Fig. 107). Each is composed of several polyhedral
granular-looking cells, each with a spherical nucleus ;
the cells at the margin of the crescent are of course
thinner than those forming the middle. Heiden-
hain and his pupils, Lavdovski and others, have
shown that, during prolonged exhausting stimula-
tion of the sub-maxillary and orbital of the dog,
all the lining cylindrical mucous cells become re-
placed by small polyhedral cells, similar to those
constituting the crescents, while at the same time
the acini become smaller (Fig. 108). These ob-
servers 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
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from the crescent cells. This is improbable, sin
during ordinary conditions of secretions, there is
disappearance of the mucous cells as such ; they che

in  size,
coming la
during se

tion, and t
contents
converted in
perfect mucus.
It 1s probable
that, on pro-
longed exhaus-
tive  stimula-
tion, the mucous
cells colla
into the s
cells, seen

Fig. 108.—From a Section through the Orbital Hmden]_nam o
(:land of Dog, after prolonged electrical his puplls. o

stimulation,
The acini are lined with small granular cells. 4 24 6' T e
(Lavdovski.) a,c1nl 'Df
sub-lingual
the dog are again different in structure hoth from tk

of the sub-maxillary of the dog and of the sub-ling

with mucous cells or with columnar albuminous ce
or the two kinds of cells follow one another wn &
same alveolus.

This gland is a sort of intermediate form
tween the sub-lingual of man and the sub-maxil
of man and ape, these are the mixed or muco-saliv
glands. In these the great number of acini
serous, z.e., small, with small lumen, and lined w
albuminous cells, whereas there are always pres
a few acini exactly like those of a mucous gls
The two kinds of acinl are in direct continuity
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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 form only a fraction of the
number of the serous acini. In the sub-lingual 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 appears to be crescents, in the mucous acini

Fig. 109,—Acini of Serous Gland.
A, At rest , B, first stage of secretivn; ¢, prolonged secretion. (Langley.)

of the human gland are an oblique view of albuminous
cells lining the acini at the transition between the
mucous and serous part of the same gland-tube.

247. The columnar salivary cells lining the acini
of the sub-maxillary of the guinea-pig in some condi-
tions show two distinct portions, an outer homogeneous
jor slightly and longitudinally striated substance, and
an inner, more transparent, granular-looking part, and
in this respect the cells resemble those of the pancreas.
(See a future chapter.)

Langley has shown (Fig. 109) that during the
period preparatory to secretion the cells hnuw the
acini of the serous salivary glands become E:nlﬂ,rwed
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and filled with coarse granules; during secretion tha?& |
granules become used up, so that the cell-substanee !
grows more transparent, beginning from the outer |
part of the cell and gradually advanemg towards i;]smJ
lumen of the acini.
248, Blood-vessels and lrm]}hatiﬂs.—.m
lobules are richly supplied with blood-vessels. Tﬁel
arteries break up into numerous capillaries, which
with their dense networks surround and entwine the '
acini. Between the interalveolar connective tissue '
carrying the capillary blood-vessels and the membrana
propria of the acini exist lympl spaces surrounding
the greater part of the circumference of the acini
and forming an intercommunicating system of _spaces.
They open into lymphatic ﬂﬁssels accnmpanylng the
intralobular ducts, or at the margin of the lobule
directly empty themselves into the interlobular
lymphatics. The connective tissue between the lﬂhﬁ f
contains rich plexuses of lymphatics. !
249. The merve-bramches form plexuses m
the interlobular tissue. In connection with them are
larger or smaller ganglia. They are very numerously
met- with in the sub-maxillary, but are absent in the
parotid. Some ganglia are present in connection with
the nerve-branches surmundmfr the chief duct of 1:&
sub-lingual gland. |
Pﬂuwer maintains that the ultimate nerve-ﬁbm
are connected with the salivary cells of the acini hi
man and mammals, but this remains to be proved.
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CHAPTER XXIII.

THE MOUTH, PHARYNX, AND TONGUE.

250. Toe glamds.——Into the cavity of the
mouth and pharynx open very numerous minute
 glands, which, as regards structure and secretion,
are either serous or mucous. The latter occur in
the depth of the mucous membrane covering the
lips, in the buccal mucous membrane, in that of 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
glands 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 1solated 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.
| 251. The chief duct generally opens with a narrow
' mouth on the free surface of the oral cavity; it
passes In a vertical or oblique direction through the
superficial part of the mucous membrane. In the
deeper, looser part (submucous tissue) it branches
n 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.

In man, all ducts are lined with a single layer of
columnar epithelial cells, longer in the larger than
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in the smaller ducts; in mammals, the epithelium
i1s a single layer of polyhedral cells. No fibrillation
is noticeable in the epithelial cells. At the transition
of the terminal ducts into the acini there is occasion-
ally a slight enlargement, called the infundibulum;
here the granular.
looking epithelial
cells of the duet:
change into  the
columnar transparent
mucous cells lining
the acinl

252. The acini
of these glands are
identical with those
of the mucous glands
described above (Fig.
110)—e.g., the sub-
Iingual gland, as re-
gards size, tubular
branched nature, the
lining epithelium, and
lumen.

In some instances
(as in the soft palate

Fig. 110.—Part of a Lobule of I? Mucous and tgnfrue) the duct
b 1 J b i i
{iland inshe Tongne of ;OOX near the opening is

@, Gland tubes (alveoli) viewed in various
directions ; they are lined with transparent  lined with eciliated

“ mueouscells ;" 4, duet, lined with small
polyhedral cells. (Atlas.) columnar epithelium.
The stratified epithe-
b . : :
ilum of the surface is generally continued a short dis-
tance into the mouth of the duct,

2563. The serous glamds at the root of the
tongue (von Ebner) differ from the mucous chiefly
in the epithelium, size, and lumen of the acini. These
are of exactly the same nature and structure as those
of the serous or true salivary glands.
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Saliva obtained from the mouth contains num-
bers 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.

254. The mucous membrane lining the cavity
of the mouth consists of a thin membrane covered on
its free surface with a thick stratified pavement epi-
thelium, 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 it projects into the epithelium in the
shape of cylindrical or conical paplice.

According to the thickness of the epithelium, the
papillze differ in length. The longest are found where
the epithelium 1s 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 submucosa.” 1t is 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 wvascular and nervous
trunks pass to and from the submucosa.

255. Striped muscular tissme is found in
the submucosa. Of the lips, soft palate, uvula, and
palatine arches, it forms a very conspicuous portion,
the sphincter orbicularis, with its outrunners into
the mucous membrane of the lips, the muscles of
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the palate and uvula (levator and tensor palati), and
the arcus palato-pharyngeus, and palato-glossus.

256. The last branches of the arteries break up in
a dense capillary network on the surface of the mucosa,
and from it loops ascend into the papille. Of
course, fat tissue, glands, and muscular tissue re-
ceive their own supply. There is a very rich plexus
of vewns In the superficial part of the mucosa. They are
conspicuous by their size and the thinness of their wall,

The lymphatics form networks in all layers of the
mucosa, including the papillze. The large efferent
trunks are situated in the submucosa. The last
outrunners of the nerve branches form a plexus of non
medullated fibres in the superficial layer of the mucosa,
whence numerous prmatwe fibrille 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.

257. In the pharymx 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 sur-
face into the depth. This is due to the folding of
the infiltrated mucosa. Such crypts are, in the
pharynx, sometimes lined all through with ciliated epi-
thelium, although the parts of the free surface around
them are covered with stratified pavement epithelium.

258. The tomgue is a fold of the mucous
membrane. Its bulk is made up of striped muscular
tissue (genio-, hyo-, and stylo-glossus; according to
direction : longitudinalis superior and inferior, and
transversus linguw). The lower surface is covered
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with a delicate mucous membrane, identical in struc-
ture with that lining the rest of the oral cavity,
whereas the upper part is covered with a mem-
brane, of which the mucosa projects over the free
surface as exceedingly numerous fine and short hair-
like processes, the papille filyformes, or as less nume-
rous isolated somewhat longer and broader mushroom-
shaped papillee fungiformes. The papille, as well as
the pits between them, are covered with stratified
pavement epithelium., KEach has numbers of minute
secondary papillee.. Their substance, like the mucous
membrane of the tongue, is made up of fibrous
connective tissue. This is firmly and intimately
connected with the fibrous tissue forming the septa
between the muscular bundles of the deeper tissue.
The mucous membrane 1s on the whole thin. It
contains large vascular trunks, amongst which the
plexus of veins is very conspicuous. On the surface
of the mucosa is a rich network of capillary blood-
vessels, extending as complex loops into the papille.
Lymphatics form rich plexuses in the mucosa and
in the deep muscular tissue. Adipose tissue is
common between the muscular bundles, especially at
the back of the tongue.

259. 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 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 movements
of the tongue have the effect of squeezing out the
secretion of the glands. About the glands numerous

nerve bundles are found connected with minute
ganglia.
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At the root of the tongue the mucous membrane
is much thicker, and contains in 1ts mucosa numerous
lymph follicles and diffuse adenoid tissue. Thus
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Fig. 111.—From a Vertical Seetion through a Circumvallite Papilla
of the Tongue of a Child.

a, The stratified pavement epithelium covering the fold around the papilla;
b, the mucous membrane ; & the serous glands ; g, the pit between the fol
and ihi.' papilia ; in the epithelium of this latter are seen the ** taste goblets,”
(Atlas.

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.
260. The papillze circumvaliatze (Fig. 111)
are large papille fungiformes, each surrounded by a fold
of the mucosa. They contain taste goblets or buds—
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i.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. In some domestic animals
these folds assume a definite organisation—e.g., in the
- rabbit there is an oval or circular organ composed of
numbers of parallel and permanent folds, paplice
Jfoliatce. The papille fungiformes of the rest of the
tongue also contain in some places a taste goblet. But
most of the taste goblets are found on the papillee cir-
cumvallate and foliatee. 1In both kinds of structures
the taste goblets are placed in several rows close round
the bottom of the pit, separating, in the papillae
circumvallate, the papille fungiformes from the fold
of the mucosa surrounding
it : in the papillee foliatee
the pits are represented by
groves separating the indi-
vidual folds from one
another.

261. The taste gob-
| lets or taste buds are
~barrel - or flask - shaped
structures (Fig. 112), ex-
tending in a vertical di-
rection through the epi-
thelium, from the free
| surface to the mucosa.
| Each is composed of a
| layer of flattened epithelial
| cells, elongated in the di- ™8 M5-jhree Taste, Goblets,
§ rection of the goblet ; these , The base of the goblet next the
fare the ifegmental cells. Chitnetium of iho sartase ATIonS
| The interior of the goblet

| 18 made up of a bundle of spindle-shaped or staff-
| shaped faste cells. Each includes an oval nucleus,

| and is drawn out into an outer and an inner fine
| s N——-1
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extremity. The former extends to the free surface, =
projecting just through the mouth of the gﬂblatﬂ ;
and resembles a fine hair; the latter is generally
branched, and passes towards the mucosa ; there,
lnubab]y, 1t becomes connected with a ner ve—hbre, the
mucosa of these parts containing rich plexuses of X
nerve-fibres.

Into the pits surrounded by taste goblets open the
ducts of the serous glands only (von Ebner). ‘

CHAPTER XXIV.

THE (ESOPHAGUS AND STOMACH.

262. I. Tue cesophagus.—DBeginning with the
cesophagus, and ending with the rectum of the lar
intestine, the wall of the alimentary canal consists of
an inner coat or mucous membrane, an outer or mus-
cular 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 eplthehum lining the inner or free surface of
the mucous membrane of the cesophagus is a thick,
stratified, pavement epithelium.

In Batmchia., not only the oral cavity and
pharynx, but also the csophagus, 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 a__
small papille, into the epithelium. i

The deeper, looser portion of the mucous membmﬂ-
is the submaucosa ; in it lie small mucous glands, the
ducts of which pass in a vertical or oblique direction
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through the mucosa, in order to open on the free sur-
face. In man, these glands are comparatively scarce ;
in carnivorous animals (dog, cat) they form an almost
continuous layer (Fig. 113).

263. Between the mucosa and submucosa are
longitudinal bundles of non-striped muscular tissue.

Fig. 113.—From a Longitudinal Section through the Mucous Membrane
of the (Esophagus of Dog,

2, The stratified pavement epithelium of the surface ; m, the musenlaris mucos:e :

Pﬂﬁ[ﬁ'}" the two is the mucosa; g, the mucous glands ; d, ducts of same.

At the beginning of the asophagus they are absent,
but soon make their appearance—at first as small
bundles separated from one another by masses of con-

nective tissue; but lower down, about the middle,
hey i?m*mr a continuous stratum of longitudinal
undles. This is the muscularis mucosc.
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Outside the submurosa is the muscularis externa.
This consists of a thicker inner circular and an outer
thinner longitudinal coat. And outside this is the outer,
or limiting, fibrous coat of the esophagus. In man,
the outer muscular coat consists of non-striped museu-
lar tissue, except at the beginning (about the upper
third, or less) of the cesophagus, which is composed |
of the striped variety ; but in many mammals almost
the whole of the external muscular coat, except the
part nearest the cardia, is made up of striped fibres.

264. The large vessels pass into the submucosa,
whence their finer branches pass to the surface parts.
The superficial part of the mucosa and the papille
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 sub-|
mucosa (Teichmann). The nerves form rich plexuses |
in the outer fibrous coat; these plexuses include |
numerous ganglia. A second plexus of non-medullated
fibres lies between the longitudinal and circular mus-
cular coat; a few ganglia are connected with this
plexus. In the submucosa are also plexuses of non-:
medullated fibres. Now and then a small ganglion is
connected also with this plexus. |

265. II. The stomach.—Beginning with the
cardia, the mucous membrane of the stc:-ma,ch 18 cn?ered_
with a single layer of beautiful thin columnar epithelial &
cells, m-::rst of which are mucus-secreting goblet cells.
On the surface of the mucous membrane of the stomaeh |
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 memh&
presents a pale aspect, the glands are called the pyloree:
glands ; in the rest of the stomach, whose muom

& |
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membrane presents a reddish or red-brown appear-
ance, they are called the peptic glands. Owing
to the very numerous fine ducts opening on the
surface of the mucous membrane, the tissue of this
latter appears on a vertical section to be made up
of thinner or thicker folds, or villi—plicee villosz.
But they are not real villi.

The part of the mucous membrane containing
the glands is the macosa ; outside this is a loose con-
nective tissue containing the large vessels—this 1is
the submaucosa. Between the two, but belonging
to the mucosa, i1s the muscularis mucose, 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 is dense, owing to its containing,
placed closely side by side, the gland tubes. Be-
tween 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 mus-
cularis mucose towards the surface—up to near the
epithelium of the surface—forming longitudinal mus-
cular sheaths, as 1t were, around the gland tubes.

The plicee villosee of the superficial part of the
muecosa contain fibrous connective tissue and numerous

lymphoid cells.

266. The peptic glands (Fig. 114) are more or less

. wavy tubes, extending down to the muscularis mucosz.

The deep part is broader than the rest, and is more
or less curved, seldom branched. This is the fundus of
the gland; near the surface of the mucosa is the
thinnest part of the tube; this is the neck. Two
or three neighbouring glands join and open into
the short cylindrical dwect mentioned above. The
duct is lined with a layer of columnar epithe-
hal cells, continuous and identical with those of the
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free surface of the mucous membrane. The cavity ."':i
the duct is continued as a very fine canal into the
neck and through the rest of the gland tube. Next
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Fig, 114.—Peptic Glands.

A, Under a low power; d, duet ; n, neck ; B, part of the fundus of a gland
tube under a high power; p, parictal cells; v, chief cells.

to the lumen is a continuous single layer of more or
less transparent, granular-looking, epithelial cells,
cach with a reticulated protoplasm and a spherical
slichtly oval nucleus. In the neck these cells &
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are long columnar.
cells (Heidenhain.) Outside
them is the limiting mem-
brana propria of the gland
tube. But from place to
place, between the mem-
brana propria and the chief
cells, are single oval sphe-
angular large
granular and opaque-look-
ing cells, called the parictal
cells (Heidenhain). These
are more numerous in the
neck than in any other
part of the gland ; at the
fundus they are few and
far between, whereas at
the neck they form almost
a continuous layer. Their
protoplasm is densely reti-
culated.

in the peptic.
the former

267. The pylorice
glands (Fig. 115).—The
duct of each pyloric gland
is several times longer than

The duct of
occupies 1In
some places as much as
half of the thickness of the

The epithelium lining

(ESoPHAGUS AND STOMACH.,

slands is the same as in that of the peptic.

199

' polyhedral, but farther downwards increase to cylin-
drical cells, and in the fundus of the gland tube they
This layer of cells bordering the
lumen is the layer of chief

F A ’ i":d'ﬁ'-’-:."" \

bl f gl II,*-’-f -:,J]'-'
WL S
e SR E S
AT e W ]}u} ) f’ =

”'ixb\hi; f%-g” b

R U iy e W el

e %’ e

mmé‘%?:f—"ﬁg ;“" = T

e

Fig. 115.—From a Vertical Section
through the Mucous Membrane
at the Pyloric End of the

sStomach,

8, Free surface:; o, ducts of pylorie
glands ; n, neck of same ; m, the gland
alveoli; mm, muscularis mucosms,
(Atlas.)
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ucosa, whereas that of the latter does not exceed
n the fundus of the stomach or in the cardia, more
shan one-fourth or one-fifth of the thickness.

the duct of the pyloric
Each
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duct takes up two or three tubes by their short,
narrow, thin neck. The main part of each gland tube |
is convoluted and slightly branched. The neck is lined E .
with a layer of polyhedral cells, whereas the gland
tube has a lining of columnar transparent cells, and
its lumen is very conspicuous. -
During exhaustion these cells are smaller and less .
tr &nsparent than durmg secretion. Their pmtoplasm |8
in the former state is a denser reticulum than in the {
1.
|

latter, the transparent interstitial substance in the
meshes of the cell reticulum being increased in amount
during secretion.

’I‘he cells are serous, not mucous, and the ae-u
cretion of the glands cannot therefore be mucous.
According to Kbstein the secretion is pepsin, and
so he and Heidenhain consider the pyloric glands i
as simple peptic glands. But this view is not generally
accepted. s

Between the mucous membrane with peptie
glands and the pyloric end of the stomach with
pyloric glands there 1s a narrow wntermediary =zone,
in which the peptic glands appear by degrees to
merge into the pyloric glands. That is, the short duet |
of the former gradually elongates, the gland tubes
get shorter in proportion and convoluted, their
lumen gradually enlarges, and the parietal cells
become fewer and ultlmaf}ely disappear. |

268. The mucosa contains isolated lymph follicles,
glandule lenticulares, and in the pyloric part a.lso(s
groups of these—glandule agminatee. '

The submucosa is of ver y Joose texture, and enables :
the mucosa to become easily folded in all directions. |

The muscular coat is very thick, and consists of |
an outer longitudinal and an inner thicker circular
stratum of 110n~striped muscular tissue. Numerous |
oblique bundles are found in the inner section of the
circular stratum. il |

——-—
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The gland tubes are ensheathed in a longitudinal
network of capillary blood-vessels derived from 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
musecularis mucose possess their own vascular supply.

269. The [ymphatics form a network in the
mucosa near the fundus of the glands. Into this
plexus lead lymphatics running longitudinally between
the glands anastomosing with one another freely, and
extending to near the surface (Loven)  Another
plexus belongs to the submucosa.

Between the longitudinal and ecircular stratum of
the outer muscular coat, and extending parallel to the
surface, 1s 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 cor-
responds to the plexus of Meissner of the intestine, and
1s destined for the muscularis mucose and the mucosa.

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.

CHAPTER XXV.

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 fibril-
lated ; their free surface appears covered with a



Fig. 116.—F rom a Longitudinal Section through

a Villus of the Small Intestine.

a. The epitheliom of the surface; b
museular fibres.

corpuscles.

As in the stomach, so also
in the small and large intes-
tine, the maecosa 1s connected
with the outer muscular coat
by a loose-textured fibrous sub-
mucosa, in which lie the large
vascular trunks, and in many
places larger or smaller groups
of fat cells and lymph cor-
puscles. Between the mucosa
and submucosa, but belonging
to the former, is a layer of
non-striped muscular tissue,
the muscularis mucosee. This
is in many places composed of
inner circular and outer longi-
tudinal 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 1s
similar in structure to adenoid
tissue (Fig. 116), consisting of
a reticular matrix with flat-
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non-giriped
Immediately underneath the
epithelium is a basement membrane with oblong
nuclei; the tissue of the villus is made up of a
reticulum of cells; in its meshes are lymph

vertically
finely

bastlar

‘Many cells are
goblet cells. |
Underneath: the
epithelium is a
basement mem-
brane, the sub-
epithelial endo-
thelinm of De-
bove (see par.39).
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Fig. 117.—From a Verti
Section through the Mue
Membrane of the La
Intestine of Dog.

m, The muensa containing
erypts of Lieberkiihn, clos

placed side by side : each

15 lined with a layer of col

epithelium ; mm, muscn
mueoss ; & submucosa. (Atlas)
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tened large nucleated endotheloid cells and numerous
smaller lymph corpuscles. The mucosa of the small
and large intestine contains simple gland tubes, the
erypts or follicles of Lieberkiilm (Fig. 117); they
are placed vertically and closely side by side, extend-

Fig. 118.—From a Vertical Section through a Fold of the
Mucous Membrane of the Jejunum of Dog.

¢, The mueosa, containing the eryvpts of Lieberkiihn, and projecting
as the villi :om, muscularis mucose ; g submucosa. (Atlas,)

g from the free surface, where they open, to the
muscularis mucosee. 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 tissue of the
mucosa projects beyond the general surface in the
shape of very numerous fine, longer or shorter, cylin-
drical, conical or leaf-shaped willi (Fig. 118). These
are, of course, covered with the columnar epithelium
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of the general surface, and their tissue is the same as
that of the mucosa—u.e., adenoid tissue—with the

addition of : (@) One or two central wide chyle (lymph) '

vessels (see Fig. 120), their wall being a single layer
of endothelial plates. (b) Along these chyle vessels
are longitudinal bundles of non-striped muscular tissue,
extending from the base to the apex of the wvillus,

terminating in connection with the cells of the base-

ment membrane—u.¢., the subepithelial endothelinm.
(¢) A network of
capillary  hlood-
vessels extending
over the whole of
the wvillus close to

the surface (Fig.
119). This capil-
lary network de-
rives 1ts blood
from an artery in
about the middle
or upper part of

Fig. 119.—From a Vertical Section through

the Small Intestine of Mouse; the Blood- thevillus. Twove-

vessels are injected.

. & nous vessels carry
The networks of the capillaries of the villi are
well shown. (Atlas.) a,way the b]ﬂl}d

from the villus.
The Tieberkiihn’s erypts open between the bases of
the villi.

At the sides of the willi of the small intestine,

and at the sides of the plice villosee of the stomach |

(see a former chapter), there exist amongst the epithe-
lium 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,
and extend with their inner part or summit through

the muscularis mucosse into the mucosa to near the

the epithelium of °
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internal free surface of the latter (Fig. 120). These

are 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

Fig. 120.—From a Section through a part of a Human Peyer’s Patch,
*  ghowing the distribution of the Lymphatic Vessels in the Mucosa
and Submucosa,

a, Villi, with central chyle vessel; b, Lieberkiihn’s erypts ; ¢, region of muscularis
mucos2e;: f, lymph follicle; g, network of lymphatics around the lymph

follicle ; 7, lymphatic network of the submucosa; & an efferent lymphatic
trunk. {h’re:,r,]

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.
In the lower part of the ileum these Peyer’s glands
are very numerous. The epithelium covering the
summits of these lymph follicles is invaded by, and
more or less replaced by, the lymph corpuscles of the
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adenoid tissue of the follicles (Watney), similar to
what is the case in the tonsils (see par. 124).

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.

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 Lieberkiihn’s crypts.
The capillary network of the villi is connected with
that of the rest of the mucosee.

The chyle vessel, or vessels of the villi, commence
with a blind extremity near the apex of the villi
At the base the chyle vessel becomes narrower, and
empties itself into a plexus of lymphatic vessels and
sinuses belonging to the mucosa, and situated between
the crypts of Lieberkiihn (Fig. 120). This 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 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 lymphatics of the muscular coat.

The chyle, composed of granules and globules

of different but minute sizes, passes from the inner

free surface of the mucous membrane of the small
intestine through the epithelium (probably through its
fluid interstitial cement substance) into the reticulum
of the villus matrix, and from thence the central
chyle vessel, and farther into the plexus of vessels
of the mucosa and submucosa.

Owing to the peripheral disposition of the
capillaries in the villi, and owing to the greater
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ﬁllmg with blood of the capillaries during digestion,
the villi are thrown into a state of turgescence during |
this period, in consequence of which the central chyle
vessels are kept distended. Absorption 1is thus
greatly supported. The contraction of the muscular
tissue of the villi and of the muscular coat of the in-,

o
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Fig. 120a.—Plexus Myentericus of Auerbach of the Small Intestine
of a new-born Child.

The minute circles and ovals indieate ganglion cells. (Atlag.)

testine greatly facilitates the absorption and discharge
lof the chyle.

274. The non-medullated nerves form a rich
iplexus, called the the plexus myentericus of Auerbach
(Fig. 1204), with groups of ganglion cells in the
nodes ; this plexus lies between the longitudinal and
ircular muscular coat. Another plexus connected
with the former lies in the submucous tissue ; this
the plexus of Meissner, with ganglia. In both
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plexuses the branches are of a very variable thickness
they are groups of simple axis cylinders, held together |
by a delicate endothelial sheath. |

CHAPTER XXV

THE GLANDS OF BRUNNER, AND THE PANCREAS.

275. At the passage of the pyloric end of the
stomach into the duodenum (Fig. 121), and in the first

.:5.""';"‘.:-.

v, Villi of duodenum ; & a lymph follicle; ¢, Lieberkiihn's an*&)r.a: mucosa
pyloric end of stomach ; g, the alveoli of the [P:-;lnrm glands; ¢ t

the submuecosa; they are continued into the

glands ; m, the muscularis mucoss@. (Atlas.)

nodenum as—s, the B
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part of the latter, is a continuous layer of gland tissue
in the submucosa, composed of convoluted, more or less
branched tubes grouped into lobules, and permeated
by bundles of non-striped muscular tissue, outrunners
of the muscularis mucosee. These are the glands of
Brunner. Numerous thin ducts lined with a single
layer of columnar epithelial cells pass through the
mucosa, and open into the crypts of Lieberkithn be-
tween the bases of the villi. The gland tubes of
Brunner’s glands are identical wn structure with the
pyloric glands, with which they jform a direct ana-
tomical continaty.

276. The pamecreas (Fig. 122) is in most respects
identical 1n strue-
ture with a serous
or true salivary
gland. The connec-
tive tissue frame-
work, the distribu-
tion of the blood-
vessels and lym-
phatics, and of the
gland tissue in lobes
and lobules, with the
corresponding inter-
and intra -lobular
ducts, is similar in
both cases.  The
. epithelium  lining
the latter ducts is
only faintly striated, Fig. 122.—From a Section through the
not by any means iBgncreasiobPogCn L1
so distinctly as in *cells showan oncer homogencons and an Inner
the alivary tubes. (gjﬁ];;l.?r—loukmg portion; ¢, a minute duet.
The alveoli or acini
are club-shaped, flask-shaped, shorter or longer cylin-
drical, and convoluted.

o—I1
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277. The intermediary pvart of the duct and its
passage into the alveoli is the same as in the
salivary glands. The cells lining the alveoli are
columnar or pyramidal, and show an outer homo-
geneous, or faintly and longitudinally striated zone
(Langerhans, Heidenhain), and an inner more tran-
sparent granular-looking zone. The nucleus of the
cell is spherical, and lies in about the middle. According
to the state of secretion the two zones vary in amount,
one at the expense of the other.

The lumen of the alveoli is very minute, and

in the beginning of the alveoli, 7.e, next to the

intermediary part of the duct, are seen spindle-shaped
cells occupying the lumen, the centroacinous cells of
Langerhans.

In the rabbit’s pancreas Kiihne and LB& have
shown that there are peculiar accumulations of cells
between the alveoli, which are supplied with veritable
glomeruli of capillary blood-vessels.

CHAPTER XXVII.

THE LIVER.

278. THE outer surface of the liver is covered with
a delicate serous membrane, the peritoneum, which,
like that of other abdominal organs, has on its free

surface a layer of endothelium. It consists chiefly of

fibrous connective tissue.

At the hilum or porta hepatis this connective
tissue is continued into the interior, and becomes one
with the connective tissue of the Glisson’s capsule, or
the wnterlobular comnective tissue (connective tissue
of the portal canals). This tissue is fibrous, and

—
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more or less lamellated; by it the substance of
the liver is subdivided into numerous, more or less
| polyhedral, solid lobulss or acini (Fig. 123), each about
th of an inch in diameter. According to whether

the interlobular
tissue forms com-
plete boundaries
or not, the acini
appear well de-
fined from one
another (pig, lce-
bear), or more or
less fused (man
and ecarnivorous
animals and ro-
dents).

Within each
acinus there 1is
only very scanty

connective tissue, Fig. 123.—From a Section through the Liver

. of Pig. Five lobules are shown. They are
in the Shﬂ,pﬂ of well separated from omne another by the

extreme]}r delicate  interlobular tissue.

s, Interlobular connective tiszue, containing the

bundles and flat- ]i;]nl;er]%:hulu,r l:luﬂalrvessells, i.e., th:i:: l;rzmrlmsi. %f t]ha

1 epatic artery and portal vein,and the interlobular

t\?ﬁlﬁd connective- bile duects; 4, intralobular or central vein. (Atlas.)
tissue cells. Occa-

sionally, especially in the young liver, migratory
cells are to be met with in the acini and in the tissue
between them.

279. The vena porte 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. 124). Numerous capillary
blood-vessels are derived from these veins. These
capillaries pass in a radiating direction to the centre
of the acinus, at the same time anastomosing with
one another by numerous transverse branches. In the
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centre of the acinus the capillaries become con-
fluent inte one large vein, the central or intralobular
vein. The intralobular veins of several neighbouring
acinl join so as to form the sublobular wveins, a
these lead into the efferent veins of the liver, or

-
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=
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Fig. 124, —From a Vertical Section through the Liver of Rabbit; the
Blood-vessels and Bile-vessels injected.

a, Interlobular veins surrounded by interlobular bile-ducts; these latter take
the network of fine intralobular bile capillaries; the meshes of this net-
-.\;'ml-k Eurrespund to the liver cells; &, the intralobular or central Ve
{AtLlas,

the Aepatic veins, which finally pass into the vena:
cava inferior. ¥ |

280. The substance of each acinus—z.e., the
tissue between the capillary blood-vessels—is com-
posed of uniform pelygonal protoplasmic epithelial
cells, of about ;l;5th of an inch in diameter; these
are the lwver cells. Owing to the peculiar, more o1
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
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centre of the acinus. Sometimes the liver cells contain
minute pigment granules.

Each liver cell shows a more or less fibrillated and
reticulated protoplasm (Kupfer), and in the centre a
spherical nucleus with its reticulum, generally with
one or more nucleoli.
During activity the
liver cells are larger
and look more gran-
ular than  after
action.

The liver cells
are joined with one
another by an albu-
minous cement sub-
stance, in which are
left fine channels;

these are the bule ' g

. . bl Fig. 125.—From a Lobule of the ILiver of
mpalﬁaﬂes? OF U@~ ~ Roykit, in which Blood and Bile Vessels
lobular bile wessels  had beeninjected, more highly magnified
(Fi 125 e than in Fig. 124,

& )' T b, Bile capillaries between the liver cells; these
Eﬂl}cessfu]_]y lﬂJECtEd are well shown as nucleated pnugnnaf cells,

: each with a distinct reticulum; c, Laplllar}
preparation, the blood-vessels. (Atlas.)
liver cells appear
separated everywhere from one another by a bile
capillary, and these form for the whole acinus a con-
tinuous  intercommunicaiing mnetwork of minute

channels. Where the liver cells are in contact with

a capillary blood-vessel, there, of course, are no bile
| capillaries, since these exist only between liver cells.

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. 124). Their epithelial cells are in reality con-
inuous with the liver cells. They join so as to form
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the larger interlobular bile ducts, lined with more or less
columnar epithelium. The first part of the bile duct
lined with polyhedral cells corresponds to the inter- -
mediary part of the ducts of the salivary glands,
The interlobular bile ducts form networks in the inter-
lobular tissue. Towards the hilum they become of
great diameter, and their wall is made up of fibrous =
tissue, with non-striped muscular tissue. 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 this structure. ,

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 con-
nective tissue, and especially of the bile ducts. The |
capillary blood-vessels of the bile ducts join so as |
to form small veins which finally empty themselves |
into the interlobular veins. The anastomoses of the &
capillary blood-vessels, derived from the arterial
branches, directly with the capillary blood-vessels of |
the acini, are insignificant (Cohnheim and Litten). |
The serous covering of the liver contains special |
arterial branches—rami capsulares. Networks of lym- |
phatics—deep lymphatics—are present in the inter- |

lobular connective tissue, forming plexuses around "%

the interlobular blood-vessels and bile ducts, and
occasionally forming a perivascular lymphatic around %
a branch of the hepatw vein, Within the acinus, ¥
the lymphatics are represented only by spaces and |
clefts existing between the liver cells and capillary |
blood-vessels ; these are the intralobular lymphatics
(Macgillivry, Frey, and others). They anastomosé
at the margin of the acinus with the mterlnbw
lymphatics. 1

In the capsule of the liver is a special netwm#

ki
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of lymphatics, called the superficial lymphatics.
Numerous branches pass between this network and
those of the interlobular lymphatics.

CHAPTER XXVIIIL

THE ORGANS OF RESPIRATION.

283. I. The larymx.—The supporting frame-
work of the larynx is formed by cartilage. In the
epiglottis the cartilage is elastic and reticulated,
4., 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-epiglottidean fold, are also elastic. The
thyroid, cricoid, and arytenoid cartilages are hyaline.
All these are covered with the usual perichondrium.

A small nodule of elastic cartilage is enclosed in
the front part of the true vocal cord. This is the
eartilage of Luschka.

The mucous membrane lining the cavity of the
larynx (Fig. 126) has the following structure :—
The epithelium covering the free surface is
stratified columnar ciliated, i.e., the most superficial
layer is made up of conical cells with cilia on their
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
cellss. The two surfaces of the epiglottis and the
true vocal cord are covered with stratified pavement
epithelium.

Underneath the epithelium is a basement men.-

brane separating the former from the mucous mem-
brane proper.
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284. The mucous membrane is delicate connectivi
tissue with numerous lymph corpuscles. In the po
terior surface of the epiglottis, in the false vocal corc

Fig. 126.—From a Longitudinal Section through the Ventricle
. of the Larynx of a Child. b

a, True vocal cord ; b, false vocal cord; ¢, a nodule of elastic mrtﬂgfe ...
of Luschka); 4, ventricle; &, lymphatic tissue ; m, bundles e th;
arvtenoid musel

e in transverse section. (Atlas.)

+ il
=
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and in the lower parts of the larynx, but especially
the ventricle, this infiltration amounts to difft
adenoid tissue, and even to the localisation of t
as lymph follicles. In both surfaces of the epiglot
and in the true vocal cords, the mucosa extends 1t
the stratified pavement epithelium in the shape
minute papille. : 3
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In the lower part of the larynx the mucous mem-
brane contains bundles of elastic fibres connected into
networks, and running in a longitudinal direction
These elastic fibres are found chiefly in the superficial

rts of the mucous membrane. In the true vocal
cord the mucosa is entirely made up of elastic fibres
extending in the direction of the vocal cord.

285. The deeper part of the mucous membrane is
of loose texture, and corresponds to the sub-mucosa ;
in it are embedded numerous mucous 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, ¢.e.,, a considerable lumen
lined with a layer of mucous goblet cells. There are,
however, also alveoli lined with columnar albuminous
cells, and such as have both side by side, as in the
case of the sub-lingual gland of the dog. The ciliated
epithelium of the surface in some places extends also
for a short distance into the duct. The true vocal
cords have no mucous glands.

The blood-vessels terminate as the capillary net-
work in the superficial—¢.e., sub-epithelial—layer of the
mucosa ; where there are papille—i.e., in the epiglottis
and true vocal cord—these receive a loop of capillary
blood-vessels. The lymphatics form superficial 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. Here, according to Luschka and

Boldyrew, there are end bulbs. Taste-buds have
been found in the posterior surface of the epiglottis
(Verson, Schofield, Davis), and also in the deeper
parts of the larynx (Davis).

286. II. The trachea.—The trachea is very
similar in structure to the lower part of the larynx,
from which it differs merely in possessing the rings
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of hyaline cartilage, and in possessing, in the posterior
or membranous portion, circular bundles of mnon-

l,.-'l;-||-;|| VTR ‘|.:|r|'||'!'I:.!"ll'lllli"IlI“i.

Fig. 127.—From a Longitudinal Section through the Trachea of a Child.

a, The stratified columnar ciliated epithelium of the internal free surface; b
the hasement membrane; ¢, the mvecosa; d, the networks of longitudina
elastic fibres; the oval nuclei between them indicate connective tissue
corpuscles; e, the submucous tissue containing mucous glands ; f, large
?ﬂ?d;\;essela; g, Iat cellg; &, hyaline cartilage of the tracheal rings.

as.,

-

striped muscular tissue, extending, as it were, between
the ends of the rings. Its component parts are (Fig.
127) .—
(a) A stratified columnar ciliated epithelium. |
(b) A basement membrane.
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(¢) A mucosa, with the terminal networks of
capillary blood-vessels, and infiltrated with adenoid
tissue.

(d) A layer of longitudinal elastic fibres.

(¢) A loosely-textured submucous tissue, contain-
ing the large vessels and nerves and small mucous
glands. Occasionally the gland orits duct is embedded
in a lymph follicle.

287. 1II. The bronchi amd the lung.—
The bronchi branch 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 and smaller oblong or irregularly-shaped plates
of hyaline cartilage distributed more or less uniformly
in the circumference of the wall. Towards the small
microscopic bronchi, these cartilage plates gradually
diminish in size and number. The epithelium, the
basement membrane, the sub-epithelial mucosa, and
the layer of longitudinal elastic fibres, remain the same
as in the trachea. The submucous tissue contains
small mucous glands.

288. Between the sub-epithelial mucosa and sub-
mucosa is a conttnuwous layer of circular non-striped
muscular tissue. In the smaller microscopic 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 bronchi bears an important relation to the aspect
of the epithelium, which appears as a single layer of
columnar cells in the distended bronchiole, and strati-
fied when the bronchiole 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.,
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The lymphatic networks of the bronchial mucous
membrane are very conspicuous. Those of the sub-
mucous tissue, 7.e., the peribronchial lymphatics, anas-
tomose with those surrounding the pulmonary blood-
vessels. B
Pigment and small particles can be easily absork ";'_"j_ ]
through the cement substance of the epithelium
into the radicles of the superficial lymphatics, whence 1
they pass readily into the (larger) peribronchial ly :
phatics.

In connection with the nerve branches in tk
bronchial wall are minute ganglia. ES

289. Each terminal bronchiole branches inte '.:_J
several wider tubes called the alveolar ducts, or 'infu
bula ; each of these branches again into several similar
ducts, All ducts, or mfu:ndltmla, are closely beset
their whole extent with spherical, or, being pre
against one another, with polygonal, ve*slcles—the @
cells or ahgah—ﬂpemng by a wide aperture into
alveolar duct or infundibulum, but not communicating
with each other. The 1nfu11d1bula. are much wider
than the terminal bronchioles, and also wider
the alveoli. N

290. All infundibula with their air-cells, belongin !
to one terminal bronchiole, represent a conlca.l -
ture, the apex of which is formed by the terminal
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 n»
fibrous connective tissue; this forms a continui |
with the connective tlssue accompanying the broi
chial tubes and large vascular trunks, and with r
is traceable to the hilum. On the uther hand, t
interlobular connective tissue of the superficial pa:
of the lung is continuous with the fibrous :-.-_si'_",.
of the surface called the pleura pulmonalis, 1&

L
nan
s i Il



ap. XXVIIL.] ORGANS OF RESPIRATION. 221

k ane contains numerous elastic fibres, and
on 'E-ﬂl'ﬂ free surface is covered with a layer of endo-

In some instances (guinea-pig) the pleura pulmo-
palis contains bundles of non-striped muscular tissue.

Fig. 128.—T'rom a Section through the Lung of Cat, stained with Nitrate
' of Silver,

Iiull infundibulum or alveolar duct in cross section; b, gronps of polyhedral
~ eells lining one _pnrt. of the infundibulum, the rest being lined with flattened

t epithelial scales; ¢ the alveoli lined with flattened epithelial
_*.lﬂlﬂ. here and ebi

Jrad; between them is seen a pnlli'hedmi granular epithelial

The lobes of the lung are separated from one

another by large septa of connective tissue—the liza-
menta pulmonis.
- 291. The terminal bronchi contain no cartilage
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or mucous glands in their wall. This is made up of
three coats: (a) a tiny epithelium—a single layer of
small polyhedral granular-looking cells ; (b) a circular
muscular 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. 128), we find the following changes : () the
polyhedral granular-looking epithelial cells forming a
continuous lining in the terminal bronchiole, are trace-
able into the infundibulum only as larger or smaller
groups ; between these groups of small polyhedral
granular-looking cells large, flat, transparent, homo-
geneous, nucleated, epithelial scales make their ap-
pearance. 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 trace-
able only singly, or in groups of two or three (Elens),
the rest of the cavity of the air-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
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 infundibula,
and isolated or in twos or threes in the alveoll.

293. (b) The circular coat of non-striped muscular
tissue of the terminal bronchiole is continued as a con-
tinuous circular coat—but slightly thinner—on the
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alveolar ducts or infundibula, in their whole extent,

* but not beyond them, t.e., not on the air-cells.

(¢) The adventitia of elastic networks is con-
tinued on the infundibula, and thence on the air-
cells, where they form 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 con-
nective tissue cells, contained as usual in similarly
shaped branched lacunse, which are the radicles of
the lymphatic vessels.

294. The blood-vessels and lymphatics.—
The branches of the pulmonary artery and veins
are contained within the connective tissue separat-
ing the lobes and lobules, whence they can be
traced into
their finer
ramifications
towards the in-
fundibula and
air-cells. Each
of these latter
1s surrounded
by a sort of
basket - shaped
dense network
of  capillary
blood - vessels
(Fig. 129). The
capillary net-
works of adjap Fig. 129.—Networks of Capillary Blood-vessels
cent a,l've oli are ?ﬁ%ﬁ;{iﬁ?g the Alveoli of the Human Lung.
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
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bronchial walls, which are supplied by them with
capillary networks. |

The lacuns 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 periwascular lymphatics. They are connected
also with the networks of lymphatics surrounding the |
bronchi, 2.e., the peribronchial lymphatics. The root-
lets of the superficial air-cells empty themselves into
the sub-plewral plexus 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. 128), leading from the cavity of the air-cells into |
the lymph lacunz of the alveolar wall. These stomata
are more distinct during expansion, <.e., inspiration,
than i1n the collapsed state. Inspiration, by its ex-
panding the lungs, and consequently also the lym- .
phatics, favours greatly absorption. Through these :
stomata, and also through the interstitial cement
substance of the lining epithelium, formed particles :
—such as soot particles of a smoky atmosphere,
pigment artificially inhaled, cellular elements, such |
as mucus or pus corpuscles, that have been -car-
ried into the alveoli from the bronchi by natural |
inspiration, germ-particles, &c., find their way into
the radicles of the lymphatics ; thence into the peri-
vascular and sub-pleural lymphatics, and finally into |
the bronchial glands.
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CHAPTER XXIX.

B THE SPLEEN,

- 296. Tur capsule enveloping the spleen is a
gerous membrane—the peritoneum. It isa connective
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‘Fig. 130.—From a Vertical Sectiofi through the Spleen of Ape.

@, The capsule ; b, the trabecul® ; ¢, Malpighan corpusdle ; 4; artery ensheathed
' in a4 Malpighian corpuscle ; e, pulp tissue. (Atlas.)

tissue membrane with networks of elastic fibres, and
ecovered on its free surface with an endothelium. The
Pac]
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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.g.,
dog, pig, horse—they are continuous masses arranged
sometimes as a deep longitudinal and a superficial
circular layer. :

In connection with the capsule are the frabecule
(Fig. 130). 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
trabeculee 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  muscular
tissue.  This 18
more pronounced
in the dog, horse,
pig, guinea-pig, in
which the trabe-
cule are chiefly
composed of non-
striped muscular
tissue. Following

~ - a small trabecula

Fig. 131.—From a Section through the gfter it is given
Pulp of the Spleen of the Pig. BIbe . gl

off from a larger

a, 'Laﬁt. Eutrunn&*rs]?ffthe _mustr'hulag tm?;%l&d; fnd
b, the flattened cells formin e honey
matrix of the pulp; in the meshes of this one, “:FE i : :
matrix are contained lymphoid cellsof various bl'&l’ll’:hll‘l%" mto

sizes. (Atlas.)
still smaller ones,
which ultimately lose themselves amongst the elements
of that part of the spleen tissue called spleen pulp
(Fig. 131).
The meshes of the network of the trabecule are
filled up with the parenchyma. This consists of two

-
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kinds of tissues : (a) the Malpighian corpuscles; and
(b) the pulp tissue.

297. The DMialpighian 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 trabecule 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 tissue 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. 132), which are oblong spaces lined
with a layer of more or less polyhedral endothelial cells.
I'ese sinuses form networks, and lead into the large

-
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venous branches passing in the big trabeculz to the
hilum. The venous sinuses in man and ape possess a
special adventitia formed of circular elastic fibrils.

Not all arterial branches are ensheathed i
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Fig, 132.—From a Section through the Spleen of a Guinea-pig; the |
Blood-vessels had been injected (not shown in the figure). :

a, Artery of Malpighian corpuscle ; b, pulp { between its cells are the minute *
; blood-channels opening into c,'l,hc radicles of the veins, (Atlds)

Malpighian corpuscles ; some few fine arterial branches
open directly into the spaces of the pulp matrix, being|
invested in a peculiar reticular or concentrically ar-
ranged cellular tissue (not adenoid). These are %
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-discs
. 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 cor-
puscles 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 ecapsule
(Tomsa, Kyber). These are continuous with the plexus
of lymphatics of the trabecule ; 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 XXX,

THE EKIDNEY, 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
urangement. Bundles of fibrous tissue pass with

|
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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 1s 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 sub-mucosa 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 Egli. The last-named
mentions also that in the pelvis of the human kidney
there are gland-tubes similar in structure to sebaceous
follicles.

301. The large vascular trunks enter, or pass from
the tissue 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 here and there a few longitudinal bundles of non- %
striped muscular tissue.

In the parenchyma there is a very scanby
fibrous connective tissue, chiefly around the Mal-
pighian corpuscles and around the arterial vessels,
especially in the young kidney. In the papille there
is relatively a great amount of fibrous tissue. On ]

j
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the surface of the papillee (facing the calices) there
is a continuous layer of fibrous tissue, and this on
its free surface is 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 parenchyma.—I. The wrinary
tubules (Fig. 133).—In a transverse or longitudinal
section through the kidney we notice the cortex, the
boundary layer of Ludwig and the papullary portions,
the last terminating in the conical papiliee 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, con-
stitute a Malpighian pyramid. The relative propor-
tion of the thickness of the three parts is about 35
cortex, 2:5 boundary layer, and 4 papillary portion.
303. The cortex consists of vast numbers of con-
voluted tubules with their ceecal origin, the Mal-
pighian corpuscle ; this is the labyrinth separated into
vertical divisions of equal breadth by regularly disposed
vertical straight strize originating a short distance from
the outer capsule, and radiating towards the boundary
layer which they enter. Each of these striz is a bundle
of straight tubules, and represents a medullary ray.
The boundary layer shows a uniform longitudinal stria-
tion, in which opaque and transparent strize alternate
with one another. The opaque striz are continuations
f the medullary rays, the transparent strize are
rundles of blood-vessels.

|
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(For description of Fig. 133, see foot of next page.)
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The papillary portion is wuniformly and longi-
tudinally 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 1s, 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 pyramad
of Ferrem.

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
cecal enlargement called a Malpighian 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.

From its start to its 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
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. 134)
is composed of the capsule—the capsule of Bowman—
and the glomerulus, or Malpighian tuft of capillary
blood-vessels.

4, Cortex limited on ite free surface by the eapsule; a, subeapsular layer not
containing Malpighian corpuscles: a', inner stratum of cortex without
Malpighian corpuscles; B, boundary layer; ¢, papillary part next the
boundary layer; 1, Bowman’s capsule : 2, neck of cﬂ%}su!e: 5, proximal con-
voluted tube; 4, spiral part; 5, descending limb of Henle's loop-tube ; 6,
the loop itself ; 7, 8, and 9, the ascending limb of Henle’s loop-tube ; 10, the
irregular tubule ; 11, the distal convoluted tubule: 12, the first part of the
collecting tube ; 18 and 14, larger collecting tube ; in the papilla itself, not

:‘E]l:reat;uted here, the collecting tube joins others, and forms the duet,
s,
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The capsule of Bowman is a hyaline membrana
propria, supported, as mentioned above, by a small
amount of connective tissue. On its inner surface
there 1s a continuous layer of nucleated epithelial

Fi;f{. 134.—From a Section through the Cortical Substance of the
idney of a Human Feetus, showing a Malpighian corpuscle.
a, Glomerulus ; &, tissue of the glomerulus; e, epithelium covering the

glomerulus ; 4, flattened epithelium lining Bowman's capsule ; e, the
capsule itself ; 5, uriniferous tubules in cross section. (Handbook.)

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 Inbulea_,.—;é
The whole surface of the glomerulus is lined with
a delicate membrana propria, and a continuous layer
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of nucleated epithelial cells, polyhedral, or even
eolumnar in the young, squamous in the adult state.
The membrana propria and epithelium dip in, of
eourse, 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.

Between Bowman’s capsule and the glomerulus
there 1s 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 neck
into the cylindrical urinary tubule in such a way,
that the membrana propria and epithelium of the
capsule are continued as the membrana propria and
lining epithelium of the tubule respectively, and
the space between the capsule of Bowman and
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-
voluted tubule (Fig. 133). It is of considerable length
and is situated in the labyrinth. It has a distinet
lumen, and its epithelium is a single layer of polyhedral
or short, columnar, angular, or club-shaped cells, each
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with a spherical nucleus. These cells commence gene- |
rally at the neck, but in some animals—e.g., in the |
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Fig; 135.—From a Vertical Section through the Kidney of Dog, showing
pars of the Labyrinth and the adjoining Meduﬁﬂ.ry Ray. '

a, The eapsule of Bowman ; the capillaries of the glomerulus are arranged i g
lobules ; n, neck of eapsule: b, irregular tubule; e, proximal convolu o

tubules; d, a collecting tube ; e, part of the spiral tubule ; 7, portion of 30

ascending limb of Henle's loop-tube; d, e, f form the medullary ray.

(Atlas.) 1o
ﬂ};‘-_
nful

mouse—they already have begun in the Malpighian
corpuscle. The outer part of the cell protoplasm—.
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next the membrana propria—is distinctly striated,
owing to the presence of rod-shaped fibrils (Heiden-
hain) vertically arranged. The inner part of the cell
substance—z.e., between the nucleus and the inner
free margin—appears granular. 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
distinctly more columnar. This state i1s probably con-
nected with the state of secretion.

308. (4) The convoluted tube passes into the
spiral tubule (Schachowa). This differs from the
former in being situated 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 distinet;
its membrana propria is now lined with a single
layer of scales, each with an oval flattened mnucleus.
This altered tubule is the descending loop-tube of
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 capillary blood-vessel, but differs
from it inasmuch as, in addition to the lining layer
of flattened epithelial cells, it possesses a membrana
propria, '
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310. (6) The so formed descending Henle's loop-
tube passes the line between the boundary layer
and papillary portion, and having entered this |
latter pursues its course for a short distance, when
it sharply bends backwards as the loop of Henle's
tube ; it now runs back towards the bnundary layer,
and precisely at the point of entering this becomes
suddenly enlarged. Up to this point the structure
and size of the loop are exactly the same as those of
the descending limb.

311. (7 and 8) Having entered the boundary 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 smaller, and its lining epithelium
is a layer of p-‘:}]yhedra,l distinctly fibrillated
epithelial cells. The tube is not quite of the same
thickness all along the boundary layer, but is broader
in the inner than in the outer half; besides, the tube
is not quite straight, but slightly wavy 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 is very a
minute, its lining cells are flat polyhedral with a =
small ﬂattened nucleus, and there is an indication of !
fibrillation (Fig. 135).

(10) Sooner or later on its way in the cortex im ¥
a medullary ray it leaves this latter to enter the &
labyrinth, where it winds between the convoluted &
tubes as an angular erregular tubule (Fig. 135). It&'
shape is very irregular, its size alters from place =
to place; its Tumen is very minute, its epithelium a _'..'
layer of polyhedral, pyramidal, or short columnar eelis
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—according to the thickness of the tube; each cell
possesses a flattened oval nucleus next to the lumen,
and a very coarsely and conspicuously fibrillated pro-
toplasm.

312. (11) This irregular tubule passes into the
distal econvoluted 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, flattened,

_ polyhedral cells; this is still contained in the laby-

rinth.

(13) This leads into a somewhat larger straight
collecting twbe, 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-
wng 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
straight 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—viz., whether
more or less columnar—are in direct relation to the size
of the collecting tube. The substance of the epi-
thelial cells is a transparent protoplasm, and the
nucleus is more or less oval.

314. In many places nucleated cells, gpindle-
shaped or branched. can be traced from the membrana
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propria of the tubule between.the lining epithelium;
and, in some cases, even a delicate nucleated membrane
can be seen lining the surface of the epithelium nexg
the lumen. In the frog, the epithelium lining, the
Malpighian corpuscles, and the exceedingly long neck
of the urinary tubule, are possessed of long filamentous
cilia, rapidly moving during life. In the neck of
some of the urinary tubules in mammals there is
also an indication of cilia to be noticed.

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 ¢ fibrillated” epithelium. IHe maintains that
this excretion is effected through the cell sub-
stance ; but, in the case of carmine being used as
pigment, I have not found the excretion to take place
through the substance of the epithelhal cells, but
through the homogeneous interstitial or cement sub-
stance befween the epithelial cells.

315. II. The blood-vessels (Fig. 136).

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 interlobular arteries. Each of
these, on its way towards the external capsule of the
kidney, gives off, on all sides of its circumference,
shorter or longer lateral branches; these are the
ajierent arterioles for the Malpighian corpuscles, each
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one entering a Malpighian
corpuscle and breaking up
into the capillaries of the
glomerulus,
On its way towards
. the external capsule, the
interlobular arteries be-
come greatly reduced, and
finally enter the capillary
network of the most peri-
pheral part of the cortex ;
but some of these arterioles
may be also traced into the
. onter 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 entwine in all pos-
sible directions the urinary
tubules of the labyrinth.
This network is continued
with that of capillaries of
the medullary rays, the
'meshes being there elon-
gated, and the capillary
- blood-vessels, for obvious
reasons, more of a straight

wr Interlobular artery; i, interlobular
vein ; g, glomerulus of Malpighian
corpuscle; =¢, vena stellata; ar,
Arteri@ rect®; vr, Ven®E rect®; ab,
bundle of arterie rect@; b, bundle
of vengrect®e ; vp, network of vessels
around the mouth of the ducts
at the apex of the papille, (Ludwig,
in Btricker's Manual.)
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Fig. 136,—Diagram of the Vessels
of the Kidney.
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arrangement.  The capillaries of the whole cortex
form one continuous network.

316. The veins which take up the blood from this
network are arranged in this manner :—There are =
formed renous vessels underneath the external |
capsule, taking up like rays on all sides, minute -
radicles connected with the capillaries of the most
peripheral part of the cortex. These are the wvene
stellatce ; they pass into the labyrinth of the
cortex, where they follow a vertical course in
company with the interlobular arteries. On the
way they communicate with the capillaries of the
labyrinth, and wultimately open into the large
venous branches situated between cortex and boun-
dary layer. 1

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 diree-
tion vertically through the boundary layer into the =
papillary portion. These are the arterie recte
(Fig. 136). The number of vessels of each bundle |
is at the outset increased by the efferent wvessel of
the Malpighian corpuscles nearest to the lm:nnum:ia.rj«J
layer.

" On their way through the boundary layer, and
through the papillary 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 towards the cortical margin
increase in size and number ; they form also bundles
of straight vessels—wene rectee—and ultimately enter
the venous trunks situated between the boundary
layer and cortex. N
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The bundles of the arterize recte and venee
rectee form severally, m the boundary layer, the
transparent strize mentioned on a previous page as
alternating with the opaque strize, 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.

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 : (a) from the outrunners of the interlobular
arteries of the cortex, and (b) from extrarenal arteries.
The veins lead (a) into the vens stellatee, and (b) the
" extrarenal veins,

The lymplatic 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
lymphatlcs which take up lymph spaces between the
urinary tubules, both in the cortéx and the boundary
layer.

319. The wreter is lined with stratified transi-
tional epithelium. Underneath this is the mucosa,
a connective tissue membrane with capillary blood-
vessels. The submucosa is a loose connective tissue
Then follows a muscular coat composed of mnon-
striped muscular tissue, arranged as an inner and
outer longitudinal and a middle circular coat. Then
follows an outer limiting thin fibrous coat or adventitia.
In this last have been observed minute ganglia in
connection with the nerve branches.

520. The bladder is similar in structure, but the
mucous membrane and muscular coat are very much
thicker. In the latter, which consists of non-striped
ibres, are distinguished an inner circular, a middle
dblique, and an outer longitudinal stratum, The
ast 1s best developed in the fundus.
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Numerous sympathetic ganglia, of various sizes,
are found in connection with the nerve branches un-
derneath 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 XXXL t

THE MALE GENITAL ORGANS.

321. (1) Tue 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 '
membrane, 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 (see par. 33).
Inside the tunica adnata, and firmly attached to
it, i3 the tunica albuginea, a fibrous connective ¢
tissue membrane of lamellar structure. Towards ?
the posterior margin of the human testis its thick-
ness increases, and forms . there a a special accumu-
lation—in cross section more or less conical, with =
posterior basis—the mediastinum testis, or corpus
Highmori. -

Between the tunica adnata and tunica albuginea
is a rich plexus of lymphatics, which, on the one hand,
takes up the lymphatics of the interior, and on the
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other leads into the efferent vessels that accompany
the vas deferens.

The testis of the dog, cat, bull, pig, rabbit, &c,
have 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
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
number of long, conical compartments, or lobules,
the basis of which is situated at the tunica albu-

. ginea, the apex at the corpus Highmori. Kbolliker

mentions that non-striped muscular tissue occurs in
these septa.

From these septa thin connective tissue lamells
pass into the compartments, and they form the sup-
porting tissue for the blood-vessels and also represent
the interstitial connective tissue between the seminal
tubules.

This intertubular or interstitial tissue is distinctly
lamellated, the lamellee 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 on their
surface. Between the lamellee are left spaces, and
these form, through the fenestree or holes of the
lamellee, an intercommunicating system of lymph
spaces—being, in fact, the rootlets of the lymphatics
(Ludwig and Tomsa).

Within the lamelle are found peculiar cells,
which are much larger than lymph-cells, and which, in
Bome Instances (e.g., guinea-pig), include pigment
granules. They contain a spherical nucleus. In man,
in dog, cat, sheep, especially boar, these cells form
large, continuous groups—plates and cylinders—and
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the cells are polyhedral, and exactly similar to Eplth&;,
lial cells. They are separa,ted from one another within i
the group by a thin interstitial cement-substance.
Their resemblance with epithelium is complete. They
are remnants of the epithelial masses of the Wﬂlfﬁa.n;
body of the feetus. 'f -
323 The seminal tubules (Fig. 137). —
Within each compartment, above mentioned, lie

=
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Fig. 137.—From a Section through the Testis of Dog.
Showing three gseminal tubules in eross section. In two of these the linin
epithelium—seminal cells—is shown, and bundles of spermatoz a projecti

into the lumen of the tubules, Between the tubules ig connective t1
containing groups of polyhedral epithelial-like cells.

I i
1
numerous seminal tubules, twisted and convoluted i
in many ways, and extending from the periphery t@, 1
near the corpus Highmori. The tubules, as a rule, |
are rarely bra,nched but in the young state, a;u.;
- especially towards the periphery, branching is not u.ﬁi' |
common. 2 1

Each seminal tubule consists of a membrana p ﬁ.;:' ¥
pria, a hmng E:plthehum and a lumen. The mem
brana propria is a hyaline membrane, with oval nucl
at regular intervals. In man it is thick and lamel:
lated, several such nucleated membranes being super:
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imposed over one another. The lumen is in all tubes
distinect and relatively large. The lining epithelium,
or the seminal cells, differ 1n 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
nucleus. After puberty, however, the following
different types 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 (a) the outer and (6) the inner

seminal cells. The former are next to the membrana
propria ; they are polyhedral in shape, transparent,
and the nucleus of some of them is in the process
of karyokinesis or indirect division (see par. 8);
others include an oval transparent nucleus. The
inner seminal cells generally form two or three layers,
and are more loosely connected with one another than
the outer seminal cells, and therefore possess a more
rounded appearance. DBétween these a nucleated reti-
culum of fine fibres is sometimes noticed, the germ
reticulum of von Ebner. But this is merely a support-
g tissue, and has nothing to do with the germina-
tion of the cells or the spermatozoa (Merkel). The
inner seminal cells show very abundantly the process

‘of indirect division or karyokinesis, almost all being

seen in one or other phase of it.

325. In consequence of this, numerous small
spherical daughter-cells are formed ; these lie nearest
the lumen, and are very loosely connected with one
another. It is these which are transformed into sper-
matozoa, and hence are appropriately called spermato-
blasts (Fig. 137).

Amongst the seminal cells, especially of cat and
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dog, are found occasionally, but not very commonly,
large multinuclear cells, the nuclei of which are also
in one or the other stage of karyokinesis.

(b) The innermost cells, 2.e., the spermatoblasts,
become pear-shaped, the nucleus being situated at the

Fig. 138,—From a Section throngh the Testis of Dog, showing
portions of three Seminal Tubules.
A, Beminal epithelial cells and numerous small cells longely arranged ; B, the

small cells or sprrmatoblasts converted into spermatozoa ; ©, groups of
these in a further stage of development. (Atlas.)

thinner extremity, becoming at the same time flattened
and homogeneous (Fig. 138). The elongation of the
spermatoblasts gradually proceeds, and in consequence
of this we find numerous elongated, club-shaped sper-
matoblasts, each with a flattened nucleus at the thin
end. These are the young spermatozoa, the nucleated
extremity being the head.

(c) At the same time these young spermatozoa
become grouped together by an interstitial granular
substance, in peculiar fan-shaped groups; in these

P
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groups the head,—t.e., 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.

326. The original cell-body of the spermatoblasts
goes on elongating until its protoplasm is almost, but

- not quite, used to form the rod-shaped middle piece

(Schweigger Seidel) of the spermatozoa; from the
distal end of this, a thin long hair-like filament, called

. the taal, grows out. Where this joins the end of the

|-

middle piece, there is, even for some time afterwards,
a last remnant of the granular cell-body of the original
spermatoblast to be noticed.

When the granular interstitial substance holdiug
together the spermatozoa of a group has become dis-
integrated, the spermatozoa are isolated. While this
development of the spermatozoa goes on, the inner
seminal cells continue to produce spermatoblasts,
which in their turn are converted into spermatozoa.

327. Spermatozoa (Fig. 139).—Fully formed
spermatczoa of man and mammals consist of a homo-

‘geneous flattened and slightly convex-concave head (the

nucleus of the original spermatoblast), a rod-shaped

maddle piece (derived directly from the cell body of
‘the spermatoblast), and a long hair-like ¢a2l. While
living, the spermatozoa show very rapid oscillatory and
propelling 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 long thin
farl. Also in the mammalian and human sperma-
tozoa, a similar spiral thread, closely attached to the




250 LLEMENTS OF HISTOLOGY. [Chap. XXXI.

middle piece, and terminating as the tail, has been ob-
served (H. Gibbes).

328, The seminal tubules of each compartment
or lobule empty themselves into a short, more or less
straight, tubule—the vas rectum. This is narrower

Fig. 139.—Various kinds of Spermatozoa.
A. Bpermatozoon of fguinea-pignnt vet completely ripe; B, the same seen side-

ways, the head of the spermatozoon is fattened from side to side: ¢, a
spermatozoon of the hyrse ; D, a spermatozoon of the newt.

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 Highmori, a dense
network of tubular channels, which are irregular in
diameter, being at one place narrow clefts, at another
wide tubes, but never so wide as the seminal tubules;
this network of channels is the rete festis.

329. (2) The epididymis.—From the rete testis
we pass into the vasa efferentia, each being a tube

#
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 wider than those of the rete testis, and each leading into

a conteal network of coiled tubes. These are the conn
vasculosi. 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 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. 140). Outside
these is generally a layer,
more or less continuous, of
small polyhedral cells. The
substance of the columnar
cells is distinctly longitudi-
nally fibrillated. The mem-
brana propria is thickened
by the presence of a cir-
cular layer of non-striped
muscular fibres. The rest, ——
i.e., the g].Dbl‘-.Sl I‘I‘lil‘lDI‘, Or  Fig. 140.—A tubule of the epi-
tail of the E]JldldymlS, 1s didymis in eross .‘.ﬁEBtiun.
made up of a continuation T palior the E}hﬂi‘;éﬁn’ﬂ.‘i‘iﬁ!;5",..‘;5
of the tubes of the globus &iier of columnar epithelial celis
major, the tubes diminish- Jectinginto tho lumen of the tube.
ing gracdually in number by
fusion, and at the same time thereby becoming larger.
The columnar epithelial cells, 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
pedunculated hydatid of Morgagni attached to the
globus major.
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331. The seminal tubules and the tubes of the
epididymis are entwined by a rich network of
capillary blood-vessels. Between the tubes of the =
testis and epididymis are lymph spaces, forming an
intercommunicating system, and emptying themselves ||
into the superficial networks of lymphatics, 4.e., those
of the albuginea ; the arrangement of these netwnrks |
is somewhat different in the testis and epididymis.

332. (3) Vas deferens and vesiculae semi=
nales.—The tubes of the globus minor open into the
vas deferens. This 1s of course much larger than | 1
the former, and i1s lined with stratified columna.r.
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 sub-
mucous 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 is in 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 gancrhomc‘
swellings.

333, In the vesicule 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 mn-»
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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 ejaculatorii we find a lining of
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 glamd. — Like other
glands, the prostate consists of a framework and the

“gland 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 mus-
cular tissue surrounds and separates the individual
gland alveoli,

336. The parenchyma consists of the chief ducts,
which open at the base of and near the colliculus
seminalis, and of the secondary ducts, minor branches
of the former, which ultimately lead into the alveoli.
These are longer or shorter, wavy or convoluted
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

1s only a single layer of beautiful columnar epithelial
cells, the substance of which is distinctly and longi-
tudmal]}r 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
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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. :

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. (9) The wrethra.—The mucous membrane
of the male urethra is lined with simple colummnar
epithelium, except at the commencement—the parsg |
prostatica—and at the end-—the fossa navicularis—
where it 1s stratified pavement epithelium.

The mucous membrane is fibrous tissue with very
numerous elastic fibres. Outside of 1t 1s a muscular coat
composed of non-striped muscular tissue, and arranged
as an inner circular and an outer longitudinal 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 mem-
brane, where they follow a longitudinal course between
Jarge veins arranged in a longitudinal plexus. These
veins empty themselves into small veins outside. 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 lacuna Morgagni. 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.

338. (6) The glands of Cowper.—Each gland
of Cowper is a large compound tubular gland, whieh,
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 i§
composed of columnar cells. The alveoli possess &
large lumen and are lined with columnar mucous
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cells, the outer portion of the cell being distinctly
striated (Langerhans). In the cell the reticulum is
also distinct. In this respect the alveoli completely
resemble those of the sub-maxillary of the dog, but
there are no real crescents in the alveoli of Cowper’s
gland.

339. (7) The corpus spomngiosum.—The cor-
pus sponglosum 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 into 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 urethrze,
shows, however, numerous venous sinuses, real caver-
n#, into which open capillary blood-vessels.

340. The glams pemis 1s of exactly the same
structure as the corpus spongiosum. The outer surface
18 covered with a delicate fibrous tissue membrane,
which on its free surface bears minute papille,
extending into the stratified pavement epithelium. At
the corona glandis exist small sebaceous follicles, the
glands of Tyson; they are continued from the inner
lamella of the prepuce, where they abound. The
papillee 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 cnapter as the genital nerve-end
corpuscles.

341. (8) The corpora cavernosa pemis.—FEach
corpus cavernosum is enveloped in a fibrous capsule,
the albuginea, made up of lamelle of fibrous con-
nective tissue. Numerous Pacinian corpuscles are
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met with around it. The matrix of the corpus [:
cavernosum consists of trabecule of fibrous tissue,
between which pass bundles of non-striped muscular
tissue all in different directions. Innumerable
caverng 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 contaet,
and the trabeculee 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 capil- -
lary blood-vessels. These are derived from the arte-
rial branches which take their course in the above
trabecule of the matrix. The blood passes from the
sinuses into small efferent veins. But the blood
passes also directly from the capillaries into the
efferent veins, and this 1s 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 t.he
sinuses and minute arteries (Langer), but in the rest
the arteries do not directly communicate with t-he'
sinuses except through the capillary blood-vessels.
In the passive state of the corpus cavernosum, the
muscular trabeculee forming part of the matrix mg
contracted, and the minute arterial branches embedded
in them are therefore much coiled up ; these are the -
arteriee helicinz. !

1
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from the paren-
chyma. In the part
of the ovary next
to the hilum there

are numerous blood-

vessels, in a loose
fibrous connective
tissue, with nu-
merous longitudinal
bundles of non-
striped  muscular
tissue directly con-
tinuous with the
same tissues of the
licamentum latum.
This portion of the
ovary 1s the zona
vasculosa  (Wal-
deyer). All parts of

' the zona vasculosa

—t.e., the bundles
of fibrous connec-
tive tissue, the
blood - vessels, and
the bundles of non-
striped  muscular
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CHAPTER XXXII.

THE FEMALE GENITAL ORGANS.

343. (1) TuE oevary (Fig. 141.)—In the ovary, as
in other glands, the framework is to be distinguished
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Fig. 141.—Vertical Section through the
Ovary of half-grown Cat.

@, The albuginea ; the germinal epithelinm is not
distinguishable owing to the low power under
which the section 1s supposed to he viewed ;
b, the layer of =mallest I(Ji-i'aaﬁan follicles and
ova ; ¢, the medium-zized follicles: 4, the layer
of large follicles ; e, the zona vasculosa. (Atlas.)

tissue—are traceable into the parenchyma. The stroma
of this latter, however, is made up of bundles of shorter
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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 arrangements
the Graafian follicles. Around the larger examples of |
the latter the spindle-shaped cells form more or less
concentric layers. In the human ovary bundles of |
fibrous tissue are also met with. i
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 Wolffian body. ;;
344. According to the distribution of the Graafian |
follicles, the following layers can be distinguished in |
the ovary :—
(a) The albuginea. This is the most peripheral |
layer not containing any Graafian follicles. It is |
composed of the bundles of spindle-shaped cells, inti- |
mately interwoven. In man, an outer and inner |
longitudinal, and a middle cir cular layer can be made |
out (Henle). In some mammals an outer longitudinal, |
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 granu- {
lar-looking epithelial cells, the germinal epithelivm |
(Waldeyer) This eplthehum, in its shape and aspeet,
forms a marked contrast to the transparent, ﬂatteni
endothelial plates covering the ligamentum latum. = ¢
345. (b) The cortical layer (Schron). This 18
layer containing the smallest Graafian follicles, el T
agoregated as a more or less continuous layer (La.t
I‘:lbblt), or in small groups (human), separated by the
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stroma. These follicles are spherical or slightly oval,
of about 14,5 inch in diameter, and each of them is limi-
ted by a delicate membrana propria. Inside of this is
a layer of flattened, transparent, epithelial cells, each
with an oval, flattened nucleus; this is the mem-
brana granulosa. The space within the follicle is
occupied by, and filled up with, a spherical cell—the
ovum cell, or ovum. This is composed of a granular-
looking protoplasm, and in this is a big spherical, or
slichtly oval, nucleus—the germainal wvesicle. The
substance of this is either a fine reticulum, limited
by a delicate membrane, with one or more nucleoli
or germinal spots, or it is in one of the phases of
indirect division or karyokinesis, thus indicating
division of the ovum.

346. (¢) From this cortical layer to the zona
vasculosa we find embedded in the stroma isolated

Graafian follicles, of various sizes, increasing from the

former to the latter. The biggest
follicles measure in diameter about
55 inch. Those of the middle layers
are of medium size (Fig. 142). In them
we find inside the membrana propria
the membrana granulosa, made up of a
single layer of transparent, columnar,

142, — A Small

Fie.

epithelial cells, The ovum, larger than
m the small cortical follicles, fills out
the cavity of the follicle, and is
limited by a thin hyaline cuticle—the
zona pellucida. This appears as an

The follicle

GGraafian  follicle,
from the Ovary of
Cat.

iz lined
witha laverof colun:-
nar epithelial eells—
the membrana granu-
loga. The oviun fills
out the cavity of the

{rounding the germinal vesicle is more

lexcretion of the cells of the membrana  Tomicd by fi?s’f.

3 i siila, it

granulosa. The protoplasm of the ?.‘il-‘ﬁ]f‘nfél“é"g'ﬁ-ri'ﬂlil‘mh

- - res1ele 0or Nuclens

ovum is fibrillated. The part sur- SRRl SHAFANDETARY
reticulum. (Atlas )

transparent, and stains differently in osmic acid than
the peripheral part. The big nucleus, or germinal
vesicle, is limited by a distinct membrane, and inside

T

1
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this membrane is a reticulum with generally one big
-nucleolus or germanal spot.

Between these medium-sized follicles and the
small follicles of the cortical layer we find all inter-
mediate degrees as regards size of the follicle and the
ovum, and especially as regards the shape of the cells
of the membrana granulosa, the intermediate sizes of
follicles  being
lined by a gran-
ulosa made up
of a layer of
polyhedral epi-
thelial ceils.

347. The
deeper Graafian
follicles, &S
those that are
to be regarded
as big follicles,
contalin &nl
ovum—ocea-
sionally, two or
even three ova

Fiz. 143.—A large Graafian 'Follicle of the —which is simi-
Ovary of Cat. lar to that Qf |

The follicle is limited by a capsule, the theea follieuli; -
the membrana granulosa 18 composed of several t-hﬂ pI‘E?lﬂllS fﬁiﬂ-
layers of epithelial cells. The ovum with its distinet

hyaline zona Ei wllucida is embedded in the epithelial liCIBE, &Kﬂ@t
cells of the discus proligerus. The cavity of the v, o » i
follicle is filled with fuid, the lignor follieuli. that it 1s I&I'gﬂ, {

and its zona pel-
lucida thicker. The ovum does not fill out the whole
cavity of the follicle, since at one side, between it and
the membrana crranulasa there is an albuminous fluid,
the rudiment of the 11qu0r folliculi.

348. The largest or most advanced follicles m‘aeﬁ
great size, ea.slly visible by the naked eye, and ¢
tain a large quantity of this liquor folliculi (Fig.
In fact, the ovam occupies only a small part of the

o
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cavity of the follicle. The ovum is big, surrounded by
a thick zona pellucida, is situated at one side, sur.
rounded by the discus proligerus. 'This consists of
layers of polyhedral cells, except the cells immediately
around the zona pellucida, which are columnar. The
ovum with its discus proligerus is connected with the
membrana granulosa. This latter consists of stratified
pavement epitheliwm forming the entire lining of the
folliclee. The outermost layer of cells is columnar.
The membrana propria of these big follicles is strength-
ened 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.

349. In connection with the medium-sized and
large Graafian follicles are seen occasionally smaller
or larger solid cylindrical or irregularly-shaped out-
growths of the membrana granulosa and membrana
propria ; they indicate a new formation of Graafian
follicles, some containing a new ovum. 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 altogether.
In the first case, we have one large follicle with two
or three ova, according as a parent follicle has given
origin to one or two new outgrowths.

Amongst the epithelial cells constituting the strati-
fied membrana 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
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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

hyperemic. They grow, in consequence, very rapidly

in size ; their liquor folliculi increases to such a degree
that they reach the surface of the ovary ; finally—

t.e., during menstruation—they burst at a superficial °

point ; the ovum, with its discus proligerus, is ejected,
and brought into the abdominal ostium of the oviduet.

The cavity of the follicle collapses, and a certain |
amount of blood, derived from the broken capillaries |

of the wall of the follicle, is effused intoit. The follicle
is converted into a corpus lutewm, by an active multi-
plication of the cells of the granulosa. New capilla-

ries with connective tissue cells derived from the theea |

folliculi externa gradually grow into the interior, z.e.,

between the cells of the granulosa. This growth
gradually fills the follicle, except 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 Dblood effused into the follicle.
But, ultimately, the pigment all disappears, and a

sort of gelatinous tissue occupies the centre, while |
the periphery—i.e., the greater part of the follicle
—is made up of the hypertrophied granulosa, with

young capillary 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 luteum is complete, and has reached the height
of its progressive growth. The tissue is then gradually

absorbed, and cicatrical tissue is left. "When this

shrinks it produces a shrinking of the corpus luteum.
‘This represents the last stage in the Ilife of a

Graafian follicle, The corpus luteum of Graafian

Lo N - - T e e e e e
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follicles, of which the ovum has been impregnated,
grows to a much larger size than under other condi-
tions, the granulosa becoming by overgrowth much
folded.

351, Development of the ovary and Gran-
fiam follicles.—The germinal epithelium of the
surface of the feetal ovary at an early stage undergoes
rapid multiplication, in consequence of which the epi-
thelium becomes greatly thickened. The wvascular
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—rviz., the epithe-
lial 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 epithe-
linm. These nests are largest in the depth, and smallest
near the surface. They remain in connection 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. 1434). These
correspond to the ovarial tubes (Piliiger). While in
the rabbit these nests are solid collections, in the dog
they soon assume the character of tulnﬂﬂ,r structures
(Pfliger, Schiifer). The cells constituting the nests
undergo multiplication (by ka ycnklnc,bla) in conse-
quence of which the mnests increase in size, and even
new nests may be constricted off from old ones (see
also above).

352. At the earliest stages we notice in the
germinal epithelium some of the cells becoming en-
larged in their cell-body, and especially their nu-
cleus ; these represent the primitive ova. When the
germinal epithelium undergoes the thickening above
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mentioned, and when this thickened epithelium sepa-
rates 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

Fig. 143a.—From a Vertical Section through the Ovary of a
new-born Child.

a, Germinal epithelium; b, ovarian tube: c,1:t‘i1nitive‘m‘a: d, longer tubes he-
coming constricted off into several Graafian follicleg; e, larce nests; f
ﬁmme?‘ finished Graafian follicles; g, blovd-vessels, (Waldeyer, in Stricker's

anual.)

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
of karyokinesis (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

granulosa of the Graafian follicles. According to
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the number of ova in a nest or in an ovarial tube
a subdivision 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 ovum 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
derived 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 (Pfliiger, Kolliker), although other ob-
servers (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 i1s 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 circular
arrangement ; in the outer part there are a few
oblique and longitudinal bundles. The serous cover-
ing contains numerous elastic fibrils in a connective

| tissue matrix.

365. (3) The wterws.—The epithelium lining

| the cavity of the uterus is a single layer of columnar
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cells, each with a bundle of cilia on their free surface.
These are very easily detached, and therefore difficult
to find in a hardened and preserved specimen. DBut
in the fresh and well-preserved human uterus (Fried-
linder), ags well as in that of mammals, the cells are
distinetly ciliated. The whole canal of the cervix is
also lined with ciliated epithelium, but in children,
according to Lott, only beginning from the middle.
The surface of the portio vaginalis uteri is, like that
of the vagina, covered with stratified pavement epithe-
lium.

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

palme plicatze. Few thin bundles of non-striped mus-
cular tissue penetrate from the outer muscular coat
into the mucous membrane. Between the palma
plicate are the openings of minute gland-tubes, more
or less cylindrical in shape. They possess a mem-
brana propria and a distinct lumen lined with a single
layer of columnar epithelial cells, which, according
to some, are ciliated in the new-born child, but, ae-
cording to Friedlinder, non-ciliated. Goblet-cells are
met with amongst the lining epithelium. Several
observers (Kolliker, 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, however, 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 tissue, covered or

lined respectively with numerous small endothelial
plates, each with an oval flattened nucleus. The ¢
spaces of this spongy substance are lymph-spaces, and

contain the glands and the blood-vessels (Leopold).

307. The glands —glandulse wterimze —aré
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short tubular glands. They occur in the new-born
child chiefly at the sides ; during puberty their number
and their size increase considerably, new glands being
formed by the ingrowth of the surface epithelium into
the mucous membrane (Kundrat and Engelmann).
During menstruation, and especially during pregnancy,
they greatly increase in length. They are more or
less wavy and branched at the bottom. A delicate
membrana propria forms the boundary of the tube; a
distinct lumen 1s seen in the middle, and this 1s lined
with a single layer of ciliated columnar epithelium
(Allen Thomson, Nylander, Friedliander, and others).
2908. During menstruation the thickness of the
mucous membrane increases, the epithelium of the

- surface and of the greater part of the glands being

destroyed by fatty degeneration, and finally alto-
gether detached. Afterwards its restitution takes
place from the remnant in the depth of the glands.
But according to J. Williams and also Wyder, the
greater part of the mucous membrane, in addition to
the epithelium, 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 from the latter into the
former. In the human uterus the muscular coat is
composed of an outer thin longitudinal, a middle
thick layer of circular bundles, and an inner thick

‘one of oblique and circular bundles. Within these

layers the bundles form plexuses.

359, The arterioles in the cervix and their capil-
laries are distinguished by the great thickness of their
wall. The mucous membrane contains the capillary
networks. These discharge their blood into veins
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situated in the muscular coat. There the wveins 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 correspond to huge

irregular sinuses, the bundles of muscular tissue of

the muscular coat giving special supp-:rrt to these
sinuses. Hence the plexus of venous sinuses of the
middle stratum represents a sort of cavernous tissue.

360. The lymphatics are very numerous; In

the intermuscular connective tissue of the muscular

coat are lymph sinuses and lymph clefts forming an
intercommunicating system ; they take up the lymph

sinuses of the mucous membrane above mentioned,
and on the other hand lead into a plexus of lymphatie

vessels with valves, situated in the subserous connee- -

tive tissue.
The merves entering the mucous membrane are

connected with ganglia. According to Lindgren, there
is in the mucous membrane a plexus of non-medullated
nerve-fibres, which, near the epithelium, break up

into their GDIlEtltuE!ﬂt pt‘lmltlve fibrillee.

361. (4) The vagima.—The epithelium 111:111:14IEIr
the mucous membrane is a thick, stratified, pavement
epithelium. The superficial part of the mucous menm:
brane—i.e., the mucosa—is a dense, fibrous, connective
tissue with numerous networks of elastic fibres; if
projects into the epithelium in the shape of numerous

long, single or divided papille, each with a simple or
complex loop of capillary blood-vessels. The mucosa
with the covering epithelium projects above the gene-
ral surface in the shape of longer or shorter, conieal

or irregular, pointed or blunt, ;}Elmanent folds—the

rugze, These contain a plexus of large veins, between

which are bundles of non- striped muscular tlssuez
hence they resemble a sort of cavernous tissue.

containing a second venous plexus; its meshes are

dr
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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 1n 1t 1s the most conspicuous plexus of veins, the
plexus venosus vaginalis. This plexus also contains
bundles of non-striped muscular tissue, and therefore
resembles a cavernous tissue (Gussenbaur.) It is
not quite definitely ascertained whether or not there are
secreting glands 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 introitus.

The lymphatics 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 XV,

,’ 362. (5) The wrethra.—The structure of the

female urethra is similar to that of the male, except
| that the lining epithelium is a sort of stratified tran-
| sitional epithelium, 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 epithelium is stratified

| pavement epithelium.
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The muscular coat is composed of an inner longi- |
tudinal, and an outer circular, layer of non-striped |
muscular tissue. |

363. (6) The mymphse, 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 nymphsa contain
large sebaceous follicles, but no hairs.

The nympha contain a plexus of large veins with
bundles of mnon-striped muscular tissue ; hence it re-
sembles a cavernous tissue (Gassenbaur). 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 corre-
spond in structure to the glands of Cowper in the
male.

CHAPTER XXXIII.

THE MAMMARY GLAND.

364. Tais, like other glands, consists of a frame-
work and parenchyma. 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 non-striped muscular tissue.
From' the interlobular septa fine bundles of fibrous
tissue with branched connective tissue corpuscles pass
between the alveoli of the gland substance. The
amount of this interalveolar tissue varies in different
places, but in the active gland is always relatively
scanty. . ¢
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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 gland alveoli. Granular large yellow
(pigmented) nucleated cells occur in the connec-
tive 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 ducts as they pass from the gland to

- the nipple, acquire a thick sheath, containing bundles

of non-striped muscular tissue. These latter are de-
rived 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, <.e., just before

~these latter pass into the alveoli, are lined with a

single layer of flattened pavement epithelium cells;
they are analogous to the intermediary portion of the
ducts of the salivary glands (see Chap. XXII.).

365. Each of these terminal branches divides and
takes up several alveols (Fig. 144). These are wavy
tubes, saccular or flask-shaped. The alveoli are
larger in diameter than the intralobular ducts. Each
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 ;
& membrana propria forms the outer limit. This mem-
brana propria, like that of the salivary, lachrymal and
other glands, is a basket-work of branched cells.
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In the active gland each epithelial cell is capable
of forming in its interior one or more smaller or larger
oil globules. These may, and generally do, become:
confluent, and, pressing the nucleus towards one side
of the cell, give to the latter the resemblance of a fat-
cell. The oil globules are finally ejected by the cell-

protoplasm into the lumen of the alveolus, and repre-
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Fig. 144.—From a Section through the Mammary Gland of Cat ina
late stage of Prezmancy.

a, The epithelial cells lining the gland-alveoli, seen in profile; 5, the same, seen |
from the surface. Many epithelial cells contain an oil globule. In the cavity &
of some of the alveoli are milk globules and grapular matter. (Atlas.) ¥ N

sent 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). These
milk globules, when in the lumen of the alveoli, are |

i
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. enveloped in a delicate cuticle—the albumin mem-
| brane of Ascherson. This membrane 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 o1l 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, 4.e., the gland of a non-
pregnant or nun-suck]mw indiv idual, contains, compara-
tively speaking, few alvec:]: but a -:rreaf:. deal of fibrous
connective tissue ; the alveoli are all solid cylinders,
_\containing Within the limiting membrana propria
masses of polyhedral granular-looking epithelial cells.
During pregnancy these solid alveoli undergo rapid
multiplication, elongation, and thickening, owing to
the rapid division of the epithelial cells.

Finally, when milk secretion commences, the cells
secupying the central part of the alveolus undergo the
atty degeneration just like the peripheral cells, but
hey, 2.e., the central cells, are eliminated, while the
Jerlpheral ones remain. These central cells are the
olostrum corpuscles, and consequently they are found
‘I the milk of the first few days only.

367. Ordinary milk contains no colostrum corpus-
‘les, but only milk globules of many various sizes, from
he size of a granule to that of a globule several times
s big as an epithelial cell of an alveolus of the milk
land. These large drops are produced by fusion of
mall globules after having passed out of the alveoli.
iach milk globule is an oil globule surrounded, as
S g
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stated above, by a thin albuminous envelope—Ascher-
son’s membrane. 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 alveolus is surrounded by a dense
network of capillary blood-vessels. The alveoli are
surrounded by lymph spaces like those in the salivary
glands (Coyne) and these spaces lead into networks of
lymphatic vessels of the interlobular connective tissue.

CHAPTER XXXIV. |

THE SKIN.

369. THE skin consists of the following layers
(Fig. 145):—(1) the epidermis; (2) the corium, or
cutis vera, with the papille; (3) the subcutaneous
tissue, with the adipose layer or the adipose tissue.

370. (1) The epidermis (Fig. 14), in all its
constituent elements, has been minutely described in
Chapter III. Its thickness varies in different parts,
and is 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 Malpighu fits into the depressions between
the papille of the corium as the interpapillary pro-
cesses. The presence of prickle cells, of pigment
granules, and of branched interstitial nucleated cells,
&e., has been mentioned in Chapter 111

'There occur in the stratum M alpighii migratory
cells of granular aspect; they appear to migrate from || I
the papillary layer of the corium into the stratum
Malpighii (Biesiadecki).

371. (2) The ecorium is a dense feltwork of ;
bundles of fibrous connective tissue, with a large ri
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admixture of networks of elastic fibres. From the
surface of the corium project small conical or cylin-
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, &c. DBetween
the surface of the corium and the epidermis there
is a basement membrane. Migratory cells, with and

Fig. 145.—Vertical Section through the Skin of Human Finger.

@, Stratum _corneum ; &, stratum Iucidum : ¢, stratum Malpighii: 4, Meissner's,
Er‘ tactile corpuscles ; e, blood-vessels cut across; f, a sudoriferous canal or
uct.

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 conmnective
tissue corpuscles (see par. 40), and other structures, as
vessels and nerves, lie in the interfascicular spaces.
372. (3) The superficial part of the subcuwta-
neous tissue insensibly merges into the deep part of
the corium ; it consists of bundles of fibrous connective

tissue aggregated into trabecule crossing one another
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stated above, by a thin albuminous envelope—Ascher-
son’s membrane. 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 alveolus is surrounded by a dense
network of capillary blood-vessels. ~The alveoli are
surrounded by lymph spaces like those in the salivary
glands (Coyne) and these spaces lead into metworks of
lymphatic vessels of the interlobular connective tissue.

e 5 O

3

CHAPTER XXXIV.

THE SKIN.

369. THE skin consists of the following layers
(Fig. 145) :—(1) the epidermis; (2) the corium, or
cutis vera, with the papillee; (3) the subcutaneous
tissue, with the adipose layer or the adipose tissue.

370. (1) The epidermis (Fig. 14), in all ifs
constituent elements, has been minutely described in |
Chapter I1I. Its thickness varies in different parts, |
and is 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 Malpighn 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 03]]53.;'
dzc has been mentioned in Chapter IIL 1!

‘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).

371. (2) The corium is a dense feltwork o
bundles of fibrous connective tissue, with a m&
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admixture of networks of elastic fibres. From the
surface of the corium project small conical or ecylin-
drical papille. These are best developed in those
' where the skin is thick, eg., volar side of
hand and foot, scalp, lips of mouth, &c. Between
the surface of the corium and the epidermis there
‘a basement membrane, Migratory cells, with and

Fig. 145.—Vertical Section through the Skin of Human Finger.

Stratum corneum ; 3, stratum lucidum ; e, stratum Malpighii: &, Meissner's,
gt‘ tactile corpuscles ; e, blood-vessels cut across; f, a sudoriferous canal or
net.

ithout pigment granules in their interior, are met
ith, especially in the superficial part of the corium ;
ey, as well as the fixed or branched connective
sue corpuscles (see par. 40), and other structures, as
ssels and nerves, lie in the interfascicular spaces.

372. (3) The superficial part of the subcuta=
ous tissue insensibly merges into the deep part of
e corium ; it consists of bundles of fibrous connective
sue ageregated into trabecule crossing one another
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these essential respects, that its epithelium is a single
layer 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 ity
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
chief cells of the gastric glands (Langley), inasmuch
as they produce in their interior larger or smaller
granules which are used up during secretion, from the
periphery towards the lumen.

376. The ceruminous 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
yellowish or brownish pigment, found also in their
secretion, t.e., In the wax of the ear.

Around the anus there is an elliptical zone, in the
skin of which are found large coiled gland tubes—the
cireumanal glands of A. Gay—which are identical in
structure with the distal portion of the sweat gland
tubes.

377. The sweat glands develop as a solid cylin-
drical outgrowth of the stratum Malpighii of the
epidermis, which gradually elongates till it reaches
the superficial part of the subcutaneous tissue, where it |
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 arigiu@
outgrowth of the epidermis. |

278, The hair-follicles (Fig. 147).—The skin
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THE Skin.

.-a.lmost everywhere contains cylindrical follicles, planted

In

each of them is fixed the 0ot of a hair; that part
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~more or less near to one another, and in groups.

Fig. 147.—Longitudinal Section through a Human Hair.

1, Epidermis;

; 4, musculus

gebaceous follicle ;
(Atlas.)

#

6, adipose tissue.

¥

, mouth of hair follicle; 8

arrector pili ; 5, papilla of hair;

of the hair which projects beyond the general surface

of the skin is the shaft.

A very few places contain no hair-follicles, 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 differ- in diffe-
rent parts. Those of the scalp, the cilia of the eyelids,
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the hairs of the axilla and pubic region, those of
the male whiskers and moustache, are coarse and
thick, while the hairs of other places—e.g., the skin-
aurface crf the ey ellds the mlddle of the arm and &
: but, as regards strue-
ture, they are all very much alike.

379. A complete hair and hair-follicle—that is, the
papillary hair of Unna—shows the following struec-
ture :—

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 obligue
direction through the corium into the subcutaneous
tissue, in whose middle strata—z.e., in the stratum
adiposum—it terminates with a slightly enlarged
extremity, with which it is invaginated over a rela-
tively small fungus-shaped j:aapzﬂfm This latter is of
fibrous tissue, containing 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 hair-follicles. In individuals with
““woolly ¥ hair—e.g., the negro race (C. Stewart), and
in animals with ¢ woolly ” hair, such as the fleece of
sheep—the deep extremity of the hair-follicle is
curved, sometimes even slightly upwards. |

380. The structure of a hair-follicle is as follows
(Fig. 148): There is an outer coat composed of |
fibrous tissue; this is the fibrous coat of the hair-
sac. It is merely a condensation of the surround-
ing fibrous tissue, and 1is 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
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fibrous layer of the hair-sac a single continuous
layer of transversely or circularly-arranged spindle-
shaped cells, each with an oval flattened or staff-
shaped nucleus, completely resembling, and generally
cons:ldered to be,
non-striped mus-
cle cells. Imside
of this layer of
the hair-sac is
a glassy-looking,
hyaline,basement
membrane, which «

. . E____,_ ___.‘I 1.-‘Ff._"k. ||:f1_ e
1S not very dis- ﬁ\,\, 0 f'";‘f}f mg

tinct in minute AN e A ‘;f, LS
hairs, but is suffi- € \*}\ \( ﬁk"‘ ; <) &S
ciently conspicu- \%\ f\\\,, ’ '\"J_? j J, & ‘;

ous 1n large adult \&x ’”.wf_'-h mﬂ A

hair - follicles. S =
bT:l:iB?za;:y ?;w?; Fig. 14:13.—-—l‘.‘_h‘fl:rﬂ:mh Sﬁe{_‘:}ﬂ? %1:}11?:;?:%2 a Human Hair

Eﬂllﬁd, iE | diI‘Eﬂt a, Marrow of hair: &, cortex of hair; ¢, cuticle of
. . hair; ¢, Huxley's layer of inner root -sheath ;
continuation of

e, Henle' g layer of inner root-sheath ; £, outer root-
SR B i Sealil, planypenniane; & fiwons o atiale
membrane of the
surface of the corium, and it can be traced as a delicate
membrane also over the surface of the hair-papilla.
381. Next to the glassy membrane i1s the outer
root-sheath, the most conspicuous part of the hair-fol-
licle. It comsists of a thick stratified epithelium of
exactly the same nature as the stratum Malpighii of
the epidermis, with which it is directly continuous,
and from which it is developed. In the outer root-
sheath the layer of cells next to the glassy membrane
is columnar, just like the deepest layer of cells in the
stratum Malpighii ; then follow inwards several layers
of polyhedral cells; and, finally, flattened nucleated
scales form the innermost boundary of the outer root-
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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, 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 en-
larged extremity—the hair-bulb; this grasps the
whole papilla. The hair-bulb is composed of poly-
hedral epithelial cells, separated from one another
by cement substance, and continuous with the cells
of the extremity of the outer root-sheath, from
which they originate in the first instance ; just over
the papilla there is a special row of short columnar
cells, which are in an active state of multiplication,
and by which continuously new cells are formed.
Thus a gradual shifting of the cells of the hair-
bulb upwards into the cavity of the hair-follicle—
we., the hair—takes place; but at the same time
these progressing cells become elongated, spindle-
shaped, and constitute the cells of the hair substance,
except in the very centre, where they remain poly-
hedral, so as to represent the cells of the marrow of
the haivr, and in the periphery, where they remain
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 Aair fibres,
t.e., long thin fibres, or narrow long scales, each com-
posed of hyaline horny substance, and possessed 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 men-
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tioned. They can be isolated by strong acids and
allkkalies. In pigmented hairs there occur numerous
prgment granwles between the hair fibres, but also
dvffused prgment vn their substance. The same is
noticed with reference to the hair-bulb—wviz., pigment
granules being present in the intercellular cement,
and pigment also in the cell substance. In the centre
of many hairs is a cylindrical space, containing gene-
rally one row of polyhedral cells, which are, to a great
extent, filled with air, and, in pigmented hair, also
with pigment granules.

384. On the surface of the hair substance is 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 projections, which give to the
circumference of the hair the appear-
ance of minuteteeth, like those of a saw.

385, The inner root-sheath in well-
formed, thick hairs, is very distinct,
and consists of a delicate cuficle next
to the cuticle of the hair; then an
wnmer, or Huxley's, layer, which is a
single, or sometimes double, layer of
horny cubical cells, each with a rem-
nant of a nucleus; and, finally, an _
outer, or Henle's, layer—a single layer s Pl

. Shaft of Pig-
of non-nucleated horny cubical cells. mented  Human

The shaft of the hair (Fig. " .
: = a, Marrow of hair;

140), 4 or cthe part projecting over % 8bma of air sub.
the free surface of the skin, i1s of
exactly the 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-
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stance, cuticle, and inner root-sheath—and the con-
tinual new production of cells over the papilla causes a
: gradual progression and con-
version of the cells, and a
corresponding growth in
length of the hair shaft.
Pigmented hairs, as men-
tioned above, contain pig-
mentgranules between—i.e.,
in the interstitial substance
cementing together — the
hair fibres, and diffuse pig-
ment in their substance.
According to the amount
of these pigments, but es-
pecially of the interstitial
pigment granules (Pincus),
the colour of the hair is of
a greater or lesser dark
tint. In red hairs there 1is
chiefly diffuse pigment. In
white or fair hairs neither
the one nor the other
pigment is present ; in grey
there 1s air at least I
the superficial layers of the
hair substance, besides ab-
sence of pigment.
Sleek hairs are circu-
lar, curly oval, in cross-sec-
o ; tion.
i o e Section, 387, New formation
aﬂhl.egeufrﬂ.ting Ha?r, of hair (Fig‘ 150) Sl
“FEREEL Doy hain, b it fne and
Afrechor Dhiis £ a ok sream tne short: fer! ithitke fand Slauis
of the outer root-sheath; g, the

nair-knob; h, the new onigrowty, under normal conditions,

of the onter root-sh - ) ‘s .
Rew papilia. (Atles) "cotRi % the ‘has  only a limited' exis
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tence, for its hair-follicle, including the papilla, sooner
or later undergoes degeneration, and subsequent to
this a new papilla and a new hair are formed in its
place. ~What happens is this—the lower part of
the hair-follicle, including the papilla and hair-bulb,
degenerates and is gradually absorbed. Then there
is left only the upper part of the follicle, and in
the centre of this is the remainder—i.e., non-degene-
rated 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
represents the hawr-knob (Henle). Now, from the
outer root-sheath a cylindrical outgrowth of epithe-
lial cells into the depth takes place; against the
extremity of this a new papilla i3 made. In con-
nection with this new papilla, and in the centre of
that cylindrical outgrowth, a new hair and hair-bulb
are formed, and as these gradually grow outwards
towards the surface they lift, or rather push, 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. Development of hair.—In the human
feetus the hair-follicles make their first appearance about
the end of the third month, as solid cylindrical out-
growths from the stratum Mal pighii, This is the rudi-
ment of the outer root- shectth After having pene-
trated a short distance into the corium, this latter be-
comes 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 inva-
ginating it. In connection with the papilla a rapid
multiplication 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



286 ELEMENTS OF HISTOLOGY. [Chap. XXXIV.

and the inner root-sheath are formed. As growth
and multiplication proceed at the hair-bulb, so the
new hair, with its distal-pointed end, gradually 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
epidermis in a more or less horizontal direction.

389, In many mammals occur, amongst ordinary
hairs, special large hairs, with huge hair-follicles
planted deeply into the subcutaneous tissue ; such
are the big hairs in the skin about the lips of the mouth
in the dog, cat, rabbit, guinea-pig, mouse and rat, &e.
These are the tactile hairs. Their hair-follicle pos-
sesses a thick hair-sac, in which are contained large
sinuses Intercommunicating with one another and
with the blood system ; these sinuses are separated by
trabeculee of non-striped muscular tissue, and repre-
sent, therefore, a cavernous tissue. The papilla is
very huge, 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 is connected one or
two sebaceous follicles. These consist of several flask-
shaped or oblong alveoli, joining into a common short
duct opening into the hair-follicle near the surface—
w.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 spherical or oval
nucleus ; next to this, and filling the entire space 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. To-
wards the duct they become shrivelled up into an
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amorphous mass. The duct itself is a continuation of
the outer root-sheath.

As multiplication goes on in the marginal layer of
epithelial cells—u.e., those next the membrana propria
—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 sebum.

There is a very characteristic misproportion be-
tween the size of the hair-follicle and that of the
sebaceous gland in the embryo and new-born, the
sebaceous gland being there so large that 1t 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-
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 pule. It is
inserted in the hair-sac near the bulbous portion of the
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
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, 1t compresses the
sebaceous follicle, and thus facilitates the discharge ot
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



288 L LEMENTS OF HISTOLOGY. [Chap. XXXIV.

muscular tissue (Kolliker), independent of the hairs ;
these run in an oblique and horizontal direction, and

form plexuses.
393. The mails (Fig. 151).—We distinguish the

body of the nail from the firee margin and from the

r—— = e ——— = e S ——

Fig. 151.—Vertical Section through the Human Nail and Nail-bed,

&, Stratum Malpizhii of nail-bed; ». stratum granulosum of nail-bed; e, the
deep layers of the nail substance ; &, the superficial layers of same.

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 the posterior margin, in the nail-groove, a fold
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- by which the nail-matrix passes into the surrounding

skin,

394. The substance of the mail is made up of a
large number of strata of homogeneous horny scales—
the nail-cells—each with a stati-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
1s 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 Malpighii of the nail-bed. There
1s no stratum corneum over the nail.

The stratum Malpighii and corium of the nail-bed
are placed into permanent minute folds, and the nail
possesses on its lower surface corresponding linear
indentations.

395. In the feetal nail-bed the stratum Malpighii
is covered with the usual stratum lucidum and stratum
corneum, but the former is the larger; by a rapid
multiplication of the cells of the stratum Malpighii,
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 margin
breaks through this stratum corneum, and by the
seventh month the greater part has become clear
of it.

396. 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, differing in no way from the dis-
tribution of blood-vessels in fat tissue of other places.

T—1
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(b) Then there is the vascular system of the hair-
follicles. 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 efferent yein.

(¢) The sebaceous follicle has its afferent arteriole
and efferent 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.

(¢) The last arterial branches are those that reach
the surface of the corium, and there break up into a
dense capillary network with loops for the papillze.
In connection with these capillaries is a rich plexus of
veins in the superficial layer of the corium.

(f) In the nail-bed are dense networks of capil-
laries, with loops for the above-named folds.

397. The lymphatics.—There are networks of
lymphatic vessels in all strata of the skin ; they are,
more or less, of horizontal expansion, with oblique
branches passing between them. Their wall 1s a
single layer of endothelial cells, and some of them
possess valves. Those of the surface of the corium
take up lymphatics of the papillee. 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 corlum and subcutaneous tissue are directly
continuous with the lymphatic vessels in these
parts. |

398. The nerves.—The nerve-branches break up
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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 ; but they always remain between
the epithelial cells.

The subcutaneous 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 papille 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 XXXY,

THE CONJUNCTIVA AND ITS GLANDS.

399. (1) Tue eyelids.—The outer layer of the
eyelids is skin of ordinary description ; the inner is a
delicate, highly vascular membrane—the conjunctiva
palpebre. This includes a firm plate—the farsal-plate
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—which is not cartilage, but very dense, white, fibrous
tissue. In it lie embedded the Mewbomean glands.
These extend in each eyelid 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 duct of a Meibomian gland is 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 margin, and takes up on
all sides short minute ducts, each of which becomes
enlarged into a spherical, saccular, or flask-shaped
alveolus. This is wdentical wn structure and secretion
with the alveols of the sebaceous jfollicles of the
sk

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 c¢ilia, remarkable for their
thickness and rapid reproduction. Near the cilia, but
towards the Meibomian ducts, open the ducts of pecu-
liar large glands—the glands of Mohl. Each of these
is a wavy or spiral tube, passing in a vertical direction
from the margin of the lid towards its distal part; it
completely coincides in structure to the large portion
of a sweat gland—i.e., that part containing a columnar
epithelial lining, and between this and the membrana
prﬁpria, a longitudinal layer of non-striped muscular
cells.

The free margin is covered, as menticned above,
with stratified pavement epithelium, into which the
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mucous membrane extends in the shape of minute
papille. In the conjunctiva palpebrae the epithelium
is thin, but stratified pavement epithelium; there are
no papille, but the sub-epithelial mucosa—that is, the
layer situated between the epithelium of the surface
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 palpebrae
—1.¢., 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 epithelium, 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 papillee
extend into it from the mucosa.

403. The mucous membrane is fibrous tissue,
containing the networks of capillary blood-vessels.

Into the fornix lead minute mucous glands, em-
bedded in the conjunctiva fornicis ; they are the glands
of Krause. Similar glands exist in the distal portion
of the tarsal-plate.

404. The blood=vessels of the conjunctiva ter-
minate as the capillary network of the superficial
layer of the mucosa, and as capillary networks for the
Meibomian glands, Krause’s gland, &e. 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 lymphatics form a superficial and
deep network. Both are connected by short branches.
The deep vessels are possessed of valves, The super-
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ficial plexus is densest at the limbus cornes, 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 lymphatics of
the skin anastomose with those of the conjunec-
tiva.

Lymph follicles occur in groups in the conjunctiva
of many mammals about the inner angle of the eye.
In the lower eyelid of cattle they are very con-
spicuous, 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-
junctiva ; they form plexuses of non-medullated fibres
underneath the epithelium. 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 num-
bers 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—espe-
cially of the intralobular ducts—and alveoli, the dis-
tribution 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 cylindrical, trans-
parent and slightly granular during rest; bub
during secretion they grow smaller, more opaque
and granular, their outlines not well defined, and
the nucleus becomes more spherical and placed more
centrally.

408. In most mammals there is in the inner
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angle of the eye, and closely placed against the sur- |
face of the eyeball, a gland, called Harder’s gland.
According 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) i1s 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 XXXVL

THE CORNEA, SCLEROTIC, LIGAMENTUM PECTINATUM,
AND CILIARY MUSCLE,

409. I. Tar cormea (Fig. 152) of man and many
mammals consists of the following layers, counting
from front to back :—

(1) The epithelivm of the anterior surface (see
Fig. 15) ; this is a very transparent, stratified, pave-
ment epithelium, such as has been described in par.
22. 1t is directly continuous with the epithelium of
the conjunctiva, but it is more transparent; in dark
pigmented eyes of mammals the epithelium of the
conjunctiva 1s 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.
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(3) Then follows the ground substance, or sub-

stantia propria, of the cornea.
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Fig. 152.—From a Vertical Section

through the Membranes of the Eye
of a Child.

a, Cornea; &, sclerotic; ¢, iris; 4, processus
ciliris; e, ligamentum pectinatum; f,
cillary musele, its meridional bundles: g,
choroid 111::111};:';11:0 y &, the retina of the ors,
serrata; 4, the sphincter pupille in cross
scetion, (Atlas.) :

This is composed of
lamelle of bundles
of fibrous connective
tissue. Neighbouring
lamellae are connected
with one another by
oblique bundles.

The fibre bundles
within each lamella
run parallel to the sur-
face 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 lamellsee in an
oblique manner ; they
represent the fibre
arcuatee.

The fibrils within
the bundles, and the
bundles, and the la-
mellee of bundles are
held together by an
interstitial, albumin-
ous, semi-fluid, cement
substance, which, like
other similar intersti-
tial substances, be-
longs to the globulins,
and is soluble in 10
per cent. saline solu-
tion (Schweigger Sei-
del). A few elastic
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fibrils are seen here and there. Between the lamelle
are left the lacunse and canaliculi for the branched,
flattened, nucleated corneal corpuscles, described in
a previous chapter (Figs. 25, 26). They anasto-
mose with one another within the same plane, and
also, to a limited degree, with those of neighbouring
planes.

411. (4) The membrana Descemeti, or elastica
posterior, is a resistent elastic membrane, conspicuous
by its thickness in all cornez,

(5) The posterior surface of this membrane is
covered with a mosaic of beautiful polygonal endo-
thelial cells, each with an oval nucleus—the en-
dothelium of Descemet’'s membrane. Under stimu-
lation these cells contract. At first they appear
slightly and numerously branched, but gradually
their processes become longer and fewer, and
ultimately they are reduced to minute clumps
of nucleated protoplasm, each with a few long pro-
cesses.

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 inter-
communicating lymph-canalicular system—z.e., the
lacunse and canaliculi of the corneal corpuscles; and
in connection with these are lymph channels lined
with a continuous endothelium and containing the
nerve bundles.

412. The merves (Figs. 68, 69, 70) 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 obliquely
through Bowman’s membrane short branches—the
rami perforantes (Kolliker)—and these immediately
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underneath the epithelium break up into thewr con- -
stituent primitive fibrils, the latter coming off the
former brush-like (Cohnheim). These primitive
fibrillee ultimately ascend into the anterior epithelium
(Hoyer, Cohnheim, and others), where they branch,
and nearly reach the surface. They always run
between the epithelial cells, and are connected into
a network. According to some observers, they termi-
nate with free ends, pointed or knobbed ; but according
to others, with whom I agree, these apparent free ends
are not in reality free endings.

413. The merves of Descemet’s membrane form
also a plexus of non-medullated fibres in the posterior
layers of the ground substance; from them come
off vast numbers of primitive fibrillee, running a more
or less straight and long course, crossing one another
often under right angles; they give off very fine
fibrils, which are closely associated with the corneal
corpuscles, without, however, really becoming con-
tinuous with their protoplasm.

414. II. The sclerotic consists of lamelle of
tendinous tissue. The bundles of fibrous tissue are
opaque as compared with those of the cornea, although
they pass insensibly into them. There are lymph
clefts between the lamellee and trabecule, and in
them lie the flattened connective tissue corpuscles,
which, in the dark eyes of some mammals only, contain
pigment granules, Numerous elastic fibrils are met
with in the inner layers of the sclerotic.

415. Between the sclerotic and choroid membrane
is 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 corpuscles ; 1t
is then called lamina fusca. The rest—z.e., next
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to the choroid membrane—is - the supra-choroidal
tissue.

416. There are blood-vessels in the sclerotie, which
belong to it: they are arterioles, capillaries, and
veins ; in addition to these are the vascular branches
passing to and from the choroid.

417. I11. The ligamentup: pectinatum
iridis (see Fig. 152) isa conical mass of spongy tissue,
joining firmly the cornea and sclerotic to the iris and
ciliary processes. It formsan intimate connection, on
the one hand, with the junction of cornea and sclerotic,
and on the other, with that of the iris and ciliary pro-
cesses. This ligament is composed of trabeculee and
lamellee 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
trabeculee anastomose, so as to form a honeycombed
plexus, and the spaces in this plexus are lined
with a layer of flattened endothelial cells, directly
continued from 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 at the iris end 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
fibres 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 ligamentum pectinatum iridis,
18 a circular canal—the canal of Schlemm; this is
lined with endothelium, and is considered by some
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(Schwalbe) as a lymphatic canal; by others (Leber)
as a venous vessel.

418. IV. The ciliary muscle (Fig. 152) or
tensor choroides, 1s fixed to this ligamentum pecti-
natum ; it is composed of bundles of non-striped
muscular tissue. This muscle consists of two parts:
(a) one of circular bundles nearest to the iris—this
is the portio Miilleri ; (b) 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 lamelle ; within each lamella they form
plexuses.

A rich plexus of non-medullated nerve-fibres, with
groups of ganglion cells, belongs to the ciliary muscle.

CHAPTER XXXVIIL.

THE 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 trabeculz of the ligamentum

pectinatum, with the membrana Descemeti of the
cornea.
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(3) The substantia propria: this is the ground-
substance ; it consists of fibrous connective tissue in
bundles, accompanying 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
eyes, yellowish-brown pigment granules. The colour
of the iris 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 at 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,
where there are no pigment granules. This endo-
thelium is called the uvea, or tapetum nigrum. The
interstitial cement substance between the cells is not
pigmented, but transparent.

The name “uvea” 1s sometimes applied to the
whole of the iris, ciliary processes, and choroid mem-
brane.

In blue eyes the posterior epithelium is the only
pigmented part of the iris, and so it is also in the
iris of new-born children ; hence, their eyes are blue.
Such iris appears blue because 1ts dull tissue is viewed
on dark ground—i.e., on the pigmented epithelium of
the posterior surface.

421. Near the pupillary border the posterior sec-
tion of the substantia propria contains a broad layer
of circular bundles of non-striped muscular tissue :
this is the sphincter pupille. In connection with this
are bundles of non-striped muscular fibres, passing in
a radiating direction towards the ciliary margin of the
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iris : these are the bundles of the dilatator 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).

422. The blood-vessels
(Fig. 153) 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 radiating
direction towards the pupillary
margin, where they terminate
in a dense network of capillaries
for the sphincter pupillee. But
there are also numerous capil-
lary blood-vessels of a more or
less longitudinal direction near
the posterior surface of the iris.
The veins accompany the arte-
ries, and both are situated in
the middle stratum of the

o

g e

Fig. 153. — Blood-vessels
{iu&euted} of the Iris
and Choroid Membrane
of the Eye of a Child.

a, Capillaries of the choroid;

b, ora serrata;
vessels  derived

¢, blood-
from d,
those of the eciliary pro-
cesses, and from e, those
of the iris; 7, capillary net-
work of the pupillary bor-
der. (Kdlliker, after Arnold.)

ciliary portion of the iris form a rich

which are derived,

substantia propria.

In the sheath of the blood-
vessels are [lymph clefts and
lymph sinuses ; there appear to
be no other lymphatics.

423. The merve =fibres
are very numerous (Arnold,
Formad), and in the outer or
plexus, from

(@) networks of non-medullated

fibres for the dilator pupille; (b) a network of fine
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non-medullated fibres for the anterior surface; and
(¢) a network of mnon-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, II. The ciliary processes are similar in
structure to the iris, except, of course, that they do
not possess an antermr endothelium 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 1s called the lamina vitrea ; in it may be

, detected bundles of fine fibrils. It possesses perma-

-

nent folds arranged in a network (H. Miiller). The
inside of 1t 1s covered with a layer of pigmented poly-
hedral epithelium, the fapetum nigrum : the cells are
polygonal when viewed from the surface. The in-
dividual cells are separated by thin lines of a trans-
parent cement substance. This pigmented epithelium
is covered with a layer of transparent columnar
epitheloid cells, each with an oval nucleus. These are
closely fixed on the tapetum nigrum, and represent a
continuation of the retina over the ciliary processes :
this is the pars celvaris retince (Fig. 154).

425. The arterial branches for the ciliary processes
and muscle are chiefly derived from the circulus arte-
riosus iridis major, and form a dense network of
capillaries for the former; to each of these corre-
sponds a conical group of capillaries (Fig. 153).

426. I1II. The cheoroid membrane consists—
counting from outwards, z.e., from the sclerotic, inwards,
w.e., towards the retina—of the following layers :—

(1) The membrana supra-choroidea. This is a
continuation of the sclerotic, with which it is identical
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in structure ; the spaces between its lamellee are
lined with endothelium, and represent lymph spaces
(Schwalbe).

(2) Next follows an elastic layer which contains
networks of elastic fibres, the branches of the arteries

RO, TRa
Ry
ST,

Fig. 154.—From a Vertical Section through the Ciliary Processes of

the Ox’s Eye.

a, Fibrous tissue with pigmented cells; &, loose fibrous tissue forming the
proper membrane of the ciliary process ; ¢, the pigmented epithelium covering
the posterior surface of the ciliary process; d, the epitheloid cells, forming
the pars ciliaris retinme covering the back of the ciliary processes ; e, Zonula
Zinnii, with bundles of fibres. (Atlas.)

and veins, and, in its outer portion, pigmented cells
(Fig. 155). |

427. (3) Then follows the membrana chorio-
capillaris, a dense network of capillary blood-vessels
embedded in a tissue containing numerous branched
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' and unbranched pigmented and unpigmented connec-

tive-tissue cells.

(4) The lamina vitrea ; and, finally,

(5) The tapetum nigrum, or the pigmented epithe-
lium, which, however, is considered part of the
retina. In the region of the ora serrata of the
retina also—au.e., next

to the ciliary processes S o
. R S o
—this zone of the AN MR,
choroidea is lined et s_:;_:_;:!-g o
with a layer of trans- R o
o L _:":;1-..-'-‘: " . "‘E‘Eﬁ“..‘?’ii: .

parent, columnar, . sz .., S _.:;F*lf*{‘hﬁ

® ] .'..-"'""""- Rty 5 St -..." r-*':‘_"' ik
epitheloid cells, re- il EiEss. kT

’-::u:--f-':ﬁ‘.‘:-i:':-"

resenting the pars
P g* P Fig. 155.—Pigmented Connective Tissue

" ciliaris retinee. Cells of the Choroid Coat. (Atlas.)

428. The arterie

ciliares breves and recurrentes, situated in the outer
part of the choroidal tissue, form ultimately the dense
networks of capillaries for the chorio-capillaries. The
veins derived from this pass into the outer part of
the choroid, where they anastomose so as to form the
peculiar large veins, which are called the venz
vorticose.

JHAPTER XXXVIIL
THE LENS AND VITREOUS BODY.

429. (1) Tar lems consists of a thick, firm, elastic
capsule and of the lens substance. The former shows
fine longitudinal strize, 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

v—I1
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margin of the lens, where its cells, gradually elonga-
ting, pass into the lens-fibres. The nuclei of these
lie in a curved plane belonging to the anterior half of
the lens : this is the nuclear 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
neighbouring 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 less firm than those of the centre—a.e., of
the lens-nucleus. The substance of the lensfibres is
finely granular and delicately and longitudinally
striated.
- 430. The lens fibres (Fig. 156) are arranged in
concentric lamelle, 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 ex-
tremities are in contact with
the ends of the fibres of the §
same lamella in the sutures, or
the rays of the so-called lens
Fig. 156.—From a Section stars. In the lens of the new= |
Dogreh the Lems of horn child, the stars of botll
anterior and posterior lamelle

E]:f:l‘lfling!-h:“:}{Ellllﬂlnglll][?ali’ili:'-',t-l- < thr h 1 e
I?Ilfl]‘?;rwffhrld:ll.;,t'tftrlfsgsl'h'ﬂ[j: P.DSSGES 1ree such Trays, W,hl
S Dkt : 1n the adult each of these rays

has secondary rays. In these
rays there is a homogeneous thin layer of an albu- §
minous cement substance ; a similar substance in
minute quantity is also present between the lamells

and in 1t occur smaller or larger clefts and channe
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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
hyalotdea. This membrane, at the margin of the
fossa patellaris of the vitreous body—u.e., the fossa in
which the lens is lodged—but without covering it,
passes as the zonula ciliaris, or zonula Zinnii, or
suspensory ligament of the lens, to the margin of the
latter, to which it is firmly adhering. So it adheres
also to the surface of the ciliary processes. The
zonula Zinnii is hyaline and firm, and is strengthened
by numbers of bundles of minute stift fibrils.

Between the suspensory ligament 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 subhyaloid
cells of Ciaccio), possessed of ameboid movement
(Ivanoff).

432. The substance of the corpus vitreum appears
differentiated by clefts, concentric in the peripheral,
radiating in the central, part (Briicke, Hannover,
Bowman, Ivanoff, Schwalbe). But these do not
contain any distinct membranous structures (Stilling,
Ivanoff, Schwalbe).

The canalis hyaloideus, or canal of Stilling, extends
from the papilla nervi optici to the posterior capsule
of the lemns, and is lined with a continuation of the
membrana hyaloidea.

433. In the substance of the corpus vitreum occur
isolated nucleated cells; they have ameeboid move-
ments, and some contain vacuoles, from commencing
degeneration. They are all identical with white
blood-corpuscles (Lieberkiihn, Schwalbe).

Fine bundles of fibrils are occasionally seen in the
substance of the vitreous body.
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CHAPTER XXXIX.
THE ERETINA.

434. Tugretina (Fig. 157) consists of the following
layers, counting from inwards towards the choroid mern-
brane: — (1) The
membrana limitans
interna, which 1is
next to the mem-
brana hyaloidea of
the vitreous body ;
(2) the nerve-fibre
layer; (3) the layer
of ganglion cells;
(4) the inner gran-
ular or inner mole-
cular layer; (5) the
layer of inner
nuclei; (6) the
outer granular, or
outer molecular, or

IR e internuclear layer ;
fig. 157.—From a ransverse Section il
through the Eye of Sueep; Peripheral (7) the layer Df- '

Portion of Retina. outer nuclei; (8)
a, The inner part of the sclerotic &, the supra- the membrana

choroiont pigmented)lnmeile; - e e TA8 A
e 1 S e o ket Sution ¢ e fues (9) the layer of
e
ganglion cells, with t]:ngﬁ?'a iaz:]. 1;m?. Bﬁlhre-t?‘.g rods and cones ;-

{ﬂﬁxi%ss‘;)etween; m, the layer of nerve-flbres. &Ild (‘[0) the pig-?‘u i
mented epithelium

of the retina, or the tapetum nigrum mentioned above,
which forms, at the same time, the inner lining epithe:
lium of the choroid membrane. :
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3 435. From this arrangement is excepted—(a) the

- papilla nervi optici, (b) the macula lutea and fovea

centralis retinze, and (c¢) the ora serrata of the retina.
(@) The papilla nervi optici, or the blind spot of

Fig. 158,—Diagram of the Ner- Fig. 159.—Diacram of the Connective
vous Elements of the Retina, Tissue Substance of the same.

2, Nerve-fibres; 3, ganglion cells; 4, inner molecular layer ; 5, inner nuclear
layer ; 6, outer molecular layer; 7, outer nuclear layer: 8, the membrana
limitans externs ; §, the rods and cones, (Max Schultze.)

the retina, represents the entrance of the optic nerve-
fibres into the retina; thence, as from a centre,
they spread out in a radiating direction into the
saucer-shaped retina, of which they form the internal
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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 lymph space is also found there.

(b) The macula lutea and fovea centralis will be
considered after the various layers of the retina have
been deseribed.

(¢c) At the ora serrata all cellular 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 Miiller’s
fibres, is continued over the ciliary processes in the
shape of columnar epitheloid nucleated cells men-
tioned above : this 1s the pars ciliaris retinz.

436. Structure of the layers of the retina (Figs. -
158, 159).

(1) The membrana limitans interma is
composed of more or less polygonal areas, which are
the ends or bases of pyramidal, finely-striated fibres
—the radial fibres of Miiller. Each 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
membranes, 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 merve=fibres.—The
optic nerve-fibres at their entrance into the ecyeball
lose their medullary sheath, and only the transparent
axis cylinder is prolonged into the retina, In man,
medullated nerve-fibres in the retina are very excep-
tional ; in the rabbit there are two bundles, whose |
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fibres retain their medullary sheath in the retina
(Bowman). The mnervefibres 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
cell 1s multipolar, and possessed of a large nucleus.
One process is directed inwards and becomes con-
nected with a fibre of the nerve-fibre layer. Several
processes pass from the opposite side of the cell, and
enter the next outer layer, t.e., the inner molecular
layer.

According to Max Schultze and others, they break
up there into a reticulum of fibrils which is part of
this molecular layer ; but according to Retzius, Mans,
and Schwalbe, they simply pass through the inner
molecular layer.

The ganglion cells are separated from one another
by the radial fibres of Maiiller.

439. (4) The immer molecular layer 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 Miiller. This layer is, on account of its thickness,
a conspicuous part of the retina. Inlower vertebrates
1t appears stratified.

440, (5) The inmer nuciear 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 Miiller.
Next to the molecular layer are small nuclei belonging
to flattened branched cells (Vintschgau). But the
great majority of the nuclel of this layer are slightly
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oval, with a reticulum in their interior. Each belongs
to a spindle-shaped cell, with a small amount of proto-
plasm around the nucleus ; it is, in fact, a bipolar gang-
lion cell (Max Schultze), of which one process (the
inner) passes as a fine varicose fibre into and through
the inner molecular layer, to become connected with
the outer processes of the ganglion cells (Retzius,
Schwalbe), while the other or outer process passes into
and through the next outer layer of the retina.

(6) The outer molecular layer is of exactly
the same structure as the inner molecular layer—au.e.,
a fine reticulum of fibrils—but is considerably thinner
than the latter.

441, (7) "The outer nuclear Iayer 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, Krause). 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 mem-
brana propria at the outer surface of the layer ;
this is

442. (8) The limitamns exterma.—The nuclei of
the outer nuclear layer next to this limitans externa are
connected, in the retina of man and mammals, with
the cones, while the nuclei farther inwards from the
limitans externa are connected with the rods. In
both instances the connection is established through
holes in the limitans externa. HKach nucleus of
the outer nuclear layer is, in reality, that of a
spindle-shaped cell with a minute amount of proto-
plasm ; this is prolonged outwards, as the outer part
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of the rod- or cone-fibre, to become connected with a
rod or cone respectively, while inwards it passes into
a longer, more conspicuous fibre, the inner part of the
rod- or cone-fibre. This branches, and penetrating
into the outer molecular layer, is lost with its
branchlets among the fibrils of this layer.

443. (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 oufer member is composed
of the neurokeratin of Kiihne and Ewald. In
the fresh state the outer member shows a more or
less fine and longitudinal striation, due to longitudinal
fine ridges and furrows (Ilensen, Max Schultze).
After certain reagents, such as serum, liquor potasse,
the outer rod-member disintegrates into numerous
transverse, thin, homogeneous-looking discs( Hannover).
The inner member in the human rods is slightly
broader than the outer ; it is pale or finely and longi-
tudinally 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 discs. The body
of the cone is longitudinally and finely striated.
The outer extremity of the body of the cones in
many birds, reptiles, and amphibia contains a spheri-
cal corpuscle of red, orange, yellow, green, or even
blue colouration.
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The cones are shorter than the rods, the pointed
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Fig. 160,—Verfical Section
through the Frog’'s Retina,

1, The pigmented epithelinum
of the retina or tapetum
nigrum; &, the outer mem-
bers of the rods, those of
cones between them ; e, the
inner members of the rods
and cones; d, limitans ex-
terna ; e, the outer nueclei; f,
the outer molecular layer; g,
the inner nuclei; &, the inner
molecular layer;d, the nuelei
of the ganglion cells; 7, the
nerve-fibres; the pyramidal
extremities of the radial
fibres are well shown. (Atlas.)

end of the former not reaching
much farther than the junction
between 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 de-
crease In numbers; in the
peripheral part there are only
rods. DBut 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) contain in
the fresh and living state a
peculiar diffuse purplish colour
(Leydig, Boll, Kiihne): this
is the visual purple or Rhod-
opsin of Kiihne. ‘When
exposed to  sunlight it
passes through red, orange,
and yellow, and finally
disappears altogether — be-
comes bleached.  There 1is
no visual purple in the rods
of Rhinolophus hipposideros,
fowl and pigeon; in those
retinee in which the cones
contain coloured globules (see
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above) the surrounding rods are wanting in the visual
“purple.

The visual purple stands 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 (Kiihnej. This
holds good, of course, only within certain limits.

446. (10) The pigmented epiihelinum (Fig.
160), or tapetum nigrum, is composed of polygonal pro-
toplasmic cells, which, when viewed from the surface,
appear as a mosaic, 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 crystalline
rods (Frisch). This part is prolonged into numerous
fine fibrils, each containing a row of the pigmented
particles, and these fibrils pass between the outer
members of the rods, to which they closely adhere, and
which in reality become almost entirely ensheathed
in them (M. Schultze). KEach cell supplies a number
of rods with these fibrils. Sunlight causes a protru-
sion of these fibrils from the cell body, 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
1s 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 oxygen (Mays).

447, The macula lutea (Fig. 161) of man and
ape contains a diffuse yellow pigment, between the ele-
ments of the retina (M. Schultze). In man and most
mammals, as mentioned above, there are hardly any
rods here, but cones only; these are longer than in
other parts, and in the fovea centralis they are
longest, and, at the same time, very thin. Since
there are few rods here, the nuclei of the outer nuclear
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layer are limited to a very few layers (generally about
two) next to the membrana limitans externa. For
this reason, the rest of the outer nuclear layer is
occupied by the cone-fibres only, which in the fovea
centralis pass in a slanting, or -almost horizontal,

Fig. 161,—From a Vertical Section through the Macnla Lutea and
Fovea Centralis,

«, Nerve-fibres; b, ganglion cells: ¢, inner molecular layer; d, inner nuclei;
e, outer moleeular layer ; 7, cone-fibres ; g, cones. (Dilagram by Max Schultze.)

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
nuclel representing the outer nuclear layer, a thin
continuation of the inner molecular layer, and the
limitans interna.

448. In the embryo, the primary optic vesicle
becomes invaginated so as to form the optic cup,
which consists of two layers—an outer, giving origin
to the pigmented epithelium ; and an inner, the retina
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proper. In this the rods and cones, with their fibres
and the nuclei of the outer nuclear layer, corre-
spond to columnar epithelial cells (the sensory epithe-
liwm), while all the other layers—i.e., the outer mole-
cular, inner nuclear, inner molecular layer, ganglion
cells, nervefibres, and limitans interna—represent
Briicke’s tunica nervea or Henle’s stratum nerveum.

449. The blood=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 capillaries
connecting the arteries with the veins extend through
the layers up to the outer molecular layer.

The lymphaties of the retina exist as perivascular
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 present in other nerves and surrounded by
perineurium (see a former chapter)—but surrounded
by septa of connective tissue, and these groups pass
through corresponding holes of the sclerotic and choroid.

45]1. The optic merve possesses three sheaths,
composed of fibrous connective tissue—(a) an outer,
or the dural ; (5) a middle, or arachnoidal ; and (¢) an
inner, or pial, sheath—which are continuations of the
respective membranes of the brain. The pial sheath
is, in reality, the perineurium, the whole optic nerve
being comparable to a compound' nerve-bundle as de-
scribed in a former chapter. The dural sheath of the
optic nerve, at its entrance into the lamina cribrosa,
passes into the outer strata of the sclerotic, while the
arachnoidal and pial sheaths pass into the inner strata
of the sclerotic. Outside the dural sheath is a lymph
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space—the supravaginal space ; and also between these
various sheaths are lymph spaces—the subdural or
subvaginal space of Schwalbe, and the subarachnoidal
space. The supravaginal and subvaginal spaces anas-
tomose with one another (Michel).

452. Around the sclerotic is a lymph space limited
by a fibrous membrane—the Zenonian capsule : the
space is called the Zenonian space. The supravaginal
space anastomoses with this Tenonian space, and into
it pass also the lymph clefts in the suprachoroidal
tissue (Schwalbe), by means of the lymph canalicular
system of the sclerotic (Waldeyer). The supracho-
roidal lymph spaces communicate also with the sub-
arachnoidal space of the optic nerve.

CHAPTER XL.
THE OUTER AND MIDDLE EAR.

453. THE meatus auditorius externus is lined with
a delicate skin, in structure identical with, but thinner
than, the skin of other parts. The ceruminous
glands have been mentioned and described before.
The cartilage of the auricula and its continuation into
the meatus auditorius externus is elastic cartilage.

454. The membramna tympamni separating the
outer from the middle ear has for its matrix a firm
stratum of stiff' trabeculse of fibrous connective tissue,
with numerous elastic fibrils and elastic membranes.
This 1s 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 cavum tympani. In the middle stratum of
the membrana tympani the trabeculs radiate more or
less from the junction of the manubrium mallei with
the membrane ; but towards the periphery many are




Chap. XL.] 7HE QUTER AND MIDDLE FAR. 319

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.c., 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 this way. An intercommunicating system of lym-
phatic sinuses and clefts (Kessel) is left between the
trabeculee. 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, is covered on its inner or free surface with
columnar ciliated epithelium. Asin 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 ap-
proaches in structure the elastic cartilagesof other parts.

456. The cavum tympamni, including the cellulz
mastoideze and the surface of the ossicula auditus, is
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
cellulee mastoidez; in all other parts it is columnar cili-
ated epithelium, like that lining the tuba Eustachii.

457. The three ossicula auditus are osseous
substance covered with periosteum, which is covered
with the delicate mucosa just described. The liga-
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ments of the bones are, like other ligaments, made up
of straight and parallel bundles of fibrous 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.

CHAPTER XLL
THE INTERNAL EAR,.

458. Tur 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 hemielliptica next
to the semicircular canals. The cochlea consists of
two and 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 1s the lamina spiralis ossea. 1t 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
scalee pass into one another by the helicotrema. The
scala vestibuli opens into the fovea hemispherica,
while the scala tympani at its commencement—a.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
1s closed by a membrane—the secondary membrane.

459. The semicircular canals start from, and return
to, the fovea hemielliptica of the vestibule.

The fenestra ovalis leads from the cavum tympani
into the vestibule—its hemispheric division ; and this




Chap. XLL] THE INTERNAL FEAR, 321

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.

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 membranous
structures possess a cavity filled with the same albu-
wminous 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
hemielliptica is an elliptical sac, the u¢ricle; in each of
the three semicircular canals i1s 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 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 scala tympani.

462, The different divisions of the membranous
labyrinth are connected with one another in this
manner : the three semicireular (membranous) ecanals
open into the utricle ; this does not form a direct con-
tinuity with the saccule, but a narrow canal eomes 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 endolymphaticus, situated in a cleft of

v—I1
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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
cube—rthe canalis reuniens of Reichert. Thus the |
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 perilymphatic space, or the cavity
of the bony labyrinth, from the cavum tympani. The
vibrations of the membrana tympani, transferred by
the ossicula auditus to the fenestra ovalis, directly
affect, therefore, only the perilymph. The fluctuations
of this 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 cochlea, then by the heli-
cotrema into the scala tympani, and find their conclu-
sion on the membrana secundaria closing the fenestra
rotunda. On their way they affect, of course, the
membrane of Reissner (see below) separating the scala
media from the scala vestibuli ; and the vibrations of
this membrane naturally affect the endolymph of the
scala media and the terminations of the auditory
nerve-fibres (see below).

463. Structure of semicircular camals,
utricle and saccule.—The membranous sema-
circular 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 the 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.
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The structure of the wall is the same in the semi-

circular canals, utricle and saccule.

The above-men-

tioned fibrous ligaments of the periosteum form an

outer coat ;
}??‘ﬂp?‘?.ﬂ

inside this is a glassy-looking #funica
At one side (the one away from the bone)

this tunica propria forms numerous papillary projec-

tions. The internal
surface of the mem-
brane is covered with a
single layer of poly-
hedra,l ep ithelial cells.
464, Each of the
branches of the nervus
vestibuli—z.e., one for
the saccule, one for the
utricle, and three for
the three ampullee—
possesses a ganglionic
swelling. The nerve-
branch, having passed
through the membra-
nous  wall, enters
special thickenings of
the tunica propria, on
that part of the mem-
branous wall next to
the bone; in the sac-
cule and utricle the
thickening is called
macula acustica, in the
ampullee ¢iista acustica

(Fig.

162) (M. Schultze).
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Fig. 162.—From a Transverse Section
through the Macula Acustica of the
Utricle of the Labyrinth of a Guinea-
Pig.

a, Medullated nerve fibresg, forming plex-
uses; b, nuclei of the membrane; e,
the senﬂ’nru epithelinm (diagrammatic) ;
the spindle-shaped sensory-cells possess
long auditory hairs ]lI‘[J]ECtIIfIE between
the conical epithelial cells beyond the
free surface. (Atlas.)

This thickening is a large

villous ot fold-like projection of the tunica propria,
into which pass the nerve-fibres of the several

branches,.

fibres, and,

These fibres are all medullated nerve-
ascending towards
free surface of that projection, form a plexus.

Internal or

In

the
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this plexus are interspersed numerous nuclei. From |
the medullated fibres pass off minute bundles of |
primitive fibrillee, which enter the epithelium that
covers the free surface of the projection.

465. This epithelium is composed of a layer of
columnar or conical cells, between which are wedged
in spindle-shaped cells; both kinds possess an oval
nucleus. According to Max Schultze and others, each
of the spindle-shaped cells is connected by its inner
process with the nerve-fibrillee coming from under-
neath ; whereas, towards and beyond the free surface,
its outer process is prolonged into a long, thin, stiff
auditory haivr. Max Schultze, therefore, calls the
columnar cells epithelial ; the spindle-shaped ones,
sensoriy.

Retzius, 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-
fibrillee, and that each sends out over the internal free
surface a bundle of fine stiff 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,

On the internal surface of the macula and crista
acustica are found the ofoliths, rhombic erystals, and
amorphous masses, chiefly of carbonate of lime, em-
bedded in a gelatinous or granular-looking basis.

466. The cochlea (Fig. 1€3), 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—i.e., the latter is fixed to the outer
or convex side of the former. The difference between
the cochlea and the semicircular canals is this, that in
the cochlea there is a division of the perilymphatie
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Fig. 163.—From a Vertical Section through the Cochlea of a Guinea-

pig’s Ear, seen in the long axis of the Modiolus.

a, The scala vestibuli ; ai. the scala tympani; e, the scala media; &, the membrana

tectoria ; e, the cells of Claudius; 7, the upper outer angle of the scala media;
g, the region of the outer hair eells on the membrana basilaris ; &, the mem-

rane of Reizsner; 4, the epithelinm lining the sulcus spiralis (internus) ; 4, the
tunnel of Corti's arch; k. the stria vasculavis: [, the ligamentum spirale ;
i, the erista spiralis: », the nerve-fibres in the lamina spiralis ossea ; o, the
ganglion spirale ; p, the nerve-fibres in the modiolus ; ¢, channels in bone con-
Eiﬁ;g% blood-vessels ; #, masses of bone in the modiolus ; s, the bony capsule.
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space by an osseous projection—the lamina spiralis
ossea—and by the scala media into two scalz, viz., the
(upper) scala vestibuli, and the (lower) scala lympani.

467. In the osseous modiolus are numerous paral-
lel 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 situated in the canals of the
modiolus, corresponding to 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
medullated) can be traced into the lamina spiralis
ossea, in which they form rich plexuses extending to
the margin of this lamina—ji.e., to 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. 163), 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 shell.

On a transverse section through the scala media
we see the following structures :(—

469. (1) Its outer 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)—semi-lunar in cross section, and with its
middle angular projection fixed to the outer end of
the membrana basilaris.

470. (2) Its inmer wall is represented by an
exceedingly delicate membrane—the membrane of
Rewssner ; this is also its upper wall, extending under

-
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an acute angle from the upper outer angle of the scala
media to the lamina spiralis ossea. But there it is not
fixed on the osseous substance, but on a peculiar pro-
jection on this latter—the crista spiralis (Fig. 163, m),
which is a sort of tissue intermediate between fibrous
and osseous tissue, and added to the vestibular surface
of the lamina spiralis ossea. This crista spiralis has
on its inner surface—z.e., that directed towards the
scala media—a deep sulcus, called the sulcus spiralis, or
sulcus spiralis internus; so that of the crista spiralis
there are two labia to be distinguished—the labium
vestibulare and the labium tympanicum; the former
being the upper, the latter the lower, boundary of the
sulcus spiralis.

471. (3) Between the labium tympanicum of the
crista spiralis and the above-mentioned projection
of the ligamentum spirale extends, in a straight
direction, the membrana basilaris, forming the lower
wall of the scala media, The scala 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 vesti-
buli are likewise lined with a continuous layer of
flattened cells—an endothelium, which only on the
lower (tympanic) surface of the membrana basilaris
is somewhat modified, being composed of granular
looking irregular cells.

472. As regards the scala media, the epithelium
lining its internal surface is of the folllowing aspect :
Starting with the lower outer angle—7.e., where the
membrana basilaris is fixed to the ligamentum
pirale—we find it a single layer of polyhedral or
short columnar transparent cells, lining this outer
angle—the cells of Claudius ; ascending on the liga-
mentum spirale, the cells become shorter, more squa-
mous ; such are found over a slight projection on
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the outer wall—t.e., the ligamentum spirale accesso-
rinm—caused by a small blood-vessel, the vas pro-
minens.

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 ligamen-
tum spirale, and in some animals (guinea-pig) 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 1its
outer vestibular surface with a layer of flattened
endothelium, and on its inner surface—i.e., that facing
the scala media—with a layer of less flattened, smaller,
polyhedral, epithelial cells.

475. We come next to the vestibular labium of
the crista spiralis, on which peculiar cylindrical
horizontal projections anastomose with one another :
these are the awditory teeth (Huschke). The epi-
thelium of Reissner’s membrane is continued as small
polyhedral cells into the grooves and pits between the
auditory teeth, but over the teeth as large, flattened,
squamous cells, which pass on, lining the sulcus
spiralis, and, as such, cover also the tympanic labium
of the crista spiralis. Now we arrive at the mem-
brana basilaris, on which the epithelium becomes
modified into the organ of Cortu.

476, The membrana basilaris consists of a
hyaline basement membrane, on which the organ of
Corti 1s fixed ; underneath this is the tunica 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
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there is also a hyaline basement membrane. The
endothelial cells covering this on the tympanic surface
have been mentioned above.

477. The organ of Corti (Fig. 164).—Passing
outwards from the epithelium lining the sulcus 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 wnner
supporting cells; next to these is the inner hair-cell—

. Fig. 164.—Organ of Corti of the Cochlea of a Guinea-pig.

a, Outer rod or pillar of Corti; b, inner rod or pillar of Corti ; ¢, tunnel of Corti's
arch ; 4, outer hair-cells; e, inner hair-cell ; 7, outer supporting cells contain-
in¥ fat globules ; g, inner supporting cells; &, cells of Claudius; 4, epithelial
cells lining the sulcus spiralis internus; j, nerve-fibres; & part of crista
spiralis. (Atlas.)

a columnar, or conical, epithelial cell, with a bundle
of stiff hairs, or rods, extending beyond the surface.
The inner hair-cells form a single file along the whole
extent of the two and a half turns of the scala media.

478. Next to the inner hair-cell is the inner rod, or
wner pellar, of Corti, and next to this the outer rod,
or outer pillar, of Cortv. Fach 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, or
head ; whereas their 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
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outer rod is larger and longer than the inmer, the
latter being slightly bent in the middle. Owing to
the position of the rods, the two files form an arch—
the arch 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 pos-
sesses a concave surface grasping the convex surface of
the head of the outer rod. This latter possesses a
process directed outwards, and 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 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, lump of
protoplasm, probably the remnant of the epithelial
cell from which the lower half of the rod is derived ;
the upper part sometimes possesses a similar remnant,
proving that this also has been formed by an epithelial
cell, so that each rod is in reality derived from two
epithelial cells (Waldeyer).

481. Next follow three or four rows of outer hair-
cells, similar in size and structure to the inner hair-
cells. Each of the outer hair-cells represents a file
of hair-cells, extending on the membrana basilaris
along the whole extent—q.e., two and a-half turns—
of the scala media. Hach hair-cell possesses an oval
nucleus and a number of stiff rods, or hairs, disposed
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in the shape of a horseshoe in the outer part of the
free surface of the cell.

Four, and even five, rows of hair-cells (Waldeyer),
arranged in an alternating manner, are found in
maid,

The outer hair-cells are also called the cells of
Corti; they are conical, and more or less firmly con-
nected with a nucleated spindle-shaped cell—the cell
of Deiters. The two cells are more or less fused
together 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
hair-cells are columnar epithelial cells, called the owter
supporting cells of Hensen ; they form the transition
to the epithelium lining the outer angle of the scala
media, 7.e., to the cells of Claudius.

In the guinea-pig, the outer supporting cells in-
clude fat globules.

483. The medullated merve=fibres, which we
traced in a former page to the margin of the lamina
spiralis ossea, make rich plexuses in this, and pass
through holes in it, in order to reach the organ ot
Corti on the membrana basilaris. Looking from the
surface on this part, we notice a row of holes—the
habenula perforata of Kolliker—a little to the inside
of the region of the inner hair-cells. Numerous
primitive fibrillee 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 con-
nected 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
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rods of Corti, they reach the outer hair-cells, with
which they become connected (Gottstein, Waldeyer).

484, In connection with the outer process of the
head of the inner and outer rods of Corti, mentioned
above, is 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 between the rods of Corti
and between the outer hair-cells appear of the shape of
phalanges—phalanges of Deiters. A short cuticular
membrane extends from the head of the inner rod 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
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
internus is bridged 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-vessels.  From the anatomical
relations of the organ of Corti, it appears most pro-
bable 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 endolymph, are the real sound-perceiving
elements of the organ of Corti. Their connection
with the terminal fibrillee of the nerves points in the
same direction,
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CHAPTER XLIIL

THE NASAL MUCOUS MEMBRANE.,

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 conmnected
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 mucous secret-
ing goblet-cells are met with in it. Below the epi-
thelium i1s a thick hyaline basement membrane, and
underneath this is a mucosa of fibrous 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 venous
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.

489. In the upper or olfactory region (F]cr 165)
of the nasal cavity, the mucous membrane is of a
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different tint, being more of a brownish colour ; 1t
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

Fig. 165.—From a Section through the Olfactory Region of the
Guinea-pig:

e, Thick olfactory epithelium; 3, thin olfactory epithelium; e, cilisted hon-
olfactory epithelinm; 4, bone. The transverse sections of the olfactory
nerve bundles and the tubular glands of Bowman are well seen. (Atlas.)

epithelium, composed of the following kinds of cells
(Fig. 166):— : el
(@) A superficial layer of long columnar, or rather
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conical, epithelial cells, each with an oval nucleus, In
some places the free surface of these cells is covered
with a bundle of cilia, similar to the superficial cells

e
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Fig. 166.—From a Vertical Section through the Olfactory Mucous
-~ Membrane of the Guinea-pig.
a, The epithelial cells; b, the sensory or olfactory cells; e, the deep epithelial

cells; d, the bundles of olfactory nerve-fibres; e, the alvedli of serous
{Bowman's) glands. (Atlas.)
of the respiratory patt of the nasal cavity ; in most
places, however, the cilia are absent; the former
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
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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 network of the
olfactory nerve-fibres.

(¢) In some places there is a deep layer of epithe-
lial cells, each with a spherical nucleus, of an inverted
cone in shape, their pointed extremity passing be
tween the other cells just mentioned and their broad
basis resting on the basement membrane. 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
nerve-fibres, extending chiefly in a direction parallel
to the surface. Iach olfactory nerve-fibre 1s non-
medullated, 2.e., is an axis cylinder composed of minute
or primitive fibrille, and invested in a neurilemma with
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 form a network ; into
this pass the fine varicogse processes of the sensory
cells above named.

492, The blood-vessels supply with capillary net-
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,
and gradually enlarging towards their distal end ; in
some patts 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

i g, T T S
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canal ; it is that part of the gland that is situated
in the epithelium of the free surface; it passes verti-
cally through this, and consists of a fine limiting
membrane, the continuation of the membrana propria
of the gland-tube, and a layer of very flattened epi-
thelial cells.

493. There is 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 gland-tubes. The size and number
of the bundles of the nerve-fibres are determined
by the thickness of the epithelium—:.e., by the
number of the sensory cells ; the number and thick-
ness of the olfactory nerve bundles determine the
thickness of the mucous membrane, and the thicker
it 1s, the longer are the glands of Bowman.

494. The orgam of Jacobsom is a minute
tubular organ present in all mammals, and, as has
been shown by Dursy and Kalliker, also in man. In
mammals it is a bilateral tube, compressed from side
to side, and situated in the anterior lower part of
the mnasal septum. KEach tube is supported by a
hyaline cartilage, in the shape of a more or less
plough-shaped capsule—the cartilage of Jacobson
—and opens In front directly into the nasal furrow
(guinea-pig, rabbit, rat, &c.) ; or it leads into the canal
of Stenson (dog), which passes through the canalis
naso-palatinus, and opens immediately bebind the
incisor teeth on the palate. In all instances, how-
ever, 1t terminates posteriorly with a blind ex-
tremity,

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—i.e., the one next to
the middle line—is lined with olfactory epithelium,

identical with that of the olfactory region of the nasal
w—1
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cavity. Branches of olfactory nervefibres also pass
into the median wall, and behave in exactly the same
manner as in the olfactory region. Numerous serous
glands—Dbelonging chiefly to the upper and lower
wall—open into the cavity of the organ of Jacobson.

In the lateral wall there is in many instances a
plexus of veins, extending in a longitudinal direction,
and between the vessels are bundles of non-striped
muscular tissue, thus constituting a sort of cavernous
tissue,

CHAPTER XLIIL
THE DUCTLESS GLANDS.

496. 1. The hypeophysis ecerebri.—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 septa into the
interior. These split up into numerous trabecule of
fibrous tissue, which, by dividing and re-uniting, form
a dense plexus, with smaller and larger, spherical or ob-
long, or even cylindrical spaces—the alveoli. In these
lie spherical or oblong masses of epithelial cells. These
epithelial cells are columnar, 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 lymph sinuses, like those

around the alveoli of other glands—e.g., the salivary
glands,
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497. 11. The thyroid g]alul (Fig. 167).—The

'framework of this gland is in many respects similar

to that of other glands, there being an outer fibrous
capsule, thicker and thinner septa, and finally the fine
trabeculze forming the septa between the gland alveoli.
These are closed vesicles of a spherical or oval shape,
and of various sizes. Hach vesicle is lined with a single
layer of polyhedral or

columnar epithelial cells, g"*""#"‘l'
each with a spherical or _f»:gf SRk %"E“f :
oval nucleus. There is a 8
cavity, which differs in size <,
according to the size of the
vesiclee It contains, and
is more or less filled with,
a homogeneous, viscid, albu-
minous fluid—the so-called
colloid. In this often oc-
cur cdegenerating nucleated

Fig. 167. — From a Section

lymph - corpuscles and t.};;r]{::;ugh the Thyroid Gland
O
coloured blood - corpuscles
@, The epithelium lining the vesi-
(Baber). "cles: b, the * colloid " contents of
the vesicles; e, a lymphatic filled

498_ The vesifﬂeg are with the sameé material as the
vesicles; d, the fibrous tizsue be-
surrounded by networks of  tween the gland vesicles.
blood capillaries. In the
connective tissue framework lie networks of lym-
phatics; between the framework and the surface of the
vesicles are lymph sinuses lined with endothelium
(Baber). The large and small lymphatics are often
filled with the same colloid material as the vesicles,
and 1t is probable that this colloid material is produced
in the vesicles, and carried away by the lymphatics,
to be finally discharged into the circulating blood.
499. Its formation in the vesicles is probably due
to an active secretion by the epithelial cells of the
vesicles, and to a mixture with it, or maceration by

it, of the effused blood mentioned above. In some
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instances Baber found the amount of blood effused

; -..E'F.-“"_j -._____ -|..
S izl

Fig. 168.—From a Vertica

1 Section through

the Suprarenal Body of Man.

1, Cortical suhstance: 2, med
capsule ; 5, zona glomerul

ullary part; a, outer
o8a ; e, Zona fascieu-

lata: 4, zona reticularis: e, medulla; 1, a large
veln. (Elberth, in Stricker’s Manual.)

into the cavity of
the vesicles very
considerable, and
hence it is justifi-
able to assume that
the destruction of
red blood-corpus-
cles forms one of
the functionsof the
thyroid gland.

500. III. The
suprarenal
bodies (Fig. 168).
—The suprarenal
body is enveloped
in a fibrous cap-
sule; in connection
with this are septa
and trabeculee pass-
ing inwards, and
they are arranged
differently in the
cortex and in the
medulla of the
oland, as will be
seen presently.

The eortex of
the gland consists
of an outer, mid-
dle, and inner
zone, all three be-
ing directly con-
tinuous with one
another. The outer
one is the zona

glomerulosa ; it contains numerons spherical, or
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more commonly, 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 transverse manner. Occasionally a sort
of lumen can be discerned in some of these cell masses.

501. Next follows the middle zone, or zona
Jasciculate. This is the most conspicuous and
broadest part of the whole gland. It consists of
vertical columns of polygonal epithelial cells, each
with a spherical nucleus. The cell substance is trans-
parent, and often contains anoil 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 zona, 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 in
the middle zone, or zona fasciculata. In the medulla
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numerous plexuses of veins are met with. In the
centre of the suprarenal body lie the large efferent
venous trunks., In the capsule (Kolliker, Arnold),
and in the connective tissue around the central veins,
are plexuses of lymphatic tubes with wvalves. The
nerves are very numerous, and composed of non-
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 giandula coccyzea and in-
tercarotica.—The first of these 1s a minute corpuscle
situated in front of the apex of the os coccygis, and
was discovered by Luschka. The glandula carotica
of Luschka (ganglion intercaroticum) 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 trabeculee. The septa and trabeculz
contain in some places bundles of non-striped muscular
tissue (Sertoli),

507. The spaces of the framework are occupied by
the parenchyma. This consists of spherical or cylin-
drical masses of cells connected into networks. The
mdividual cells are polyhedral epithelial cells, each
with a spherical nucleus. According to Luschka, in
the new-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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—— vestibuli, 321,

Arachnoid membrane of spinal
cord, 127.

—— of brain, 149,

Arachnoidal villi, 149.

Areolar tissue, 33.

Arrector pili, 64, 287,

Arterie ciliares breves, 305,

—— —— recurrentes, 305.

—— helicing, 256,

—— recta, 242,

Arteries, 65, 76.

Arterioles, Afferent, 40, 51,

Arterioles of ovary, 267.

Articular cartilage, 47, 60.

Artieculation nerve-corpuscles,121.

Arytenoid cartilage, 215.

Ascending loop-tube, 238,

Aster stage in nucleus, 8,

Auditory hairs, 324,

—— nerve, Origin of, 149,

, Division of, 148,

teeth, 328.

Auerbach’s plexus, 170, 201, 207.

Auricle of heart, 75.

Auriculo-ventricular valves, 75.

Axis eylinder, 107.

—— —— process of sympathetic
ganglion cell, 169,

Bartholin’s glands, 270.

Basement membranesof skin, 277.

Basilar membrane of cochlea, 327,
328.

Bellini’s duects, 239.

Bile-duet, 213, 214.

Bile capillaries, 213.

Bilirubin, 13.

Bladder, 64, 243,

Blastoderm of chick, 2,

Blood, 10.

—— corpuscles, 10, 13.

—— ——, their origin, 15,

—— -glands of His, 92.

—— -plates of Bizzozero, 15.

—— -vessels in grey matter, 151,

Bone, 50.

——, Development of, 55,

—— cartilage, 50.

— cells, 31, 53.

— trabeculs, 54.

corpuscles, 53.

Bowman’s capsule, 234.

—— elastica anterior, 44,

—— glands, 336.

—— membrane, 295,

—— sarcous elements, 68,

Brain membranes, 149,

Brainsand, 163,
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Bronchi, 65, 219.

B:i%wman molecular movement,
Bruch, Glands of, 294.

Br iicke's elﬂm-::1::1:{11|:1rr orcanisms, S.
oikoid and zooid, 12,

—— tunica nervea, 31"

Brunner's glands, 208, 209,
Bucecal glands, 187.

Bulbus olfactorins, 159.
Biitschli's nuclear spindle, 9.

Calcification of bone, 55.

—— of ecartilage, 47.

—— of dentine, 62,

Calices of kidney, 230,

Canal of Schlemm, 299,

—— of Stenson, 337.

—— of Stilling, 307.

Canalis hyaloideus, 307.

— Petiti, 307.

— "2 iEllE_., 322.

Canaliculi in bone, 52.

in cartilage, 48,

Capillaries of marrow-bone, 81,

—— of nerve system, 80.

Capillary bile-ducts, 213.

—— blood-vessels, 80, 201,

—— lymphaties, 86,

—— network in mucosa, 190,

sheaths, 228,

Capsule, External, of brain, 162.

, Internal, of brain, 162, 163.

—— of Gligson, 210.

—— of kidney, 65.

—— of the spleen, 65, 225.

Cartilage, 45.

— .A.rtmular, 47, 60.

_ cells 31, 48,

_ Ela.stic, 49,

——, Fibrous, 48,

——, Hyaline, 46,

——, Lacuna, 46.

—— of Jacobson, 337.

—— of Luschka, 215.

Cavernouns tissues
organs, 255,

Cavities of tendon sheaths, 88,

Cavum tympﬂm 319,

Cells, 5

_65 Muscular, of blood-vessels,

—— -——, of intestine, 65.

-— ——, of respiratory organs, 65.

—— —, of stomach, 65.

e e O urma.ry' organs, G5.

—— in tadpole's tail, 3";

—— of Claudius, 32? 831,

Cellulge mastmd.eaa, 319,

in genital

FELEMENTS OF HISTOLOGY.

Cellular tissue, 33.

Cement of teeth, 174,

—— substance, 80, 82, 90,

—— —— of endothelium, 25,

—— —— of epithelium, 17.

—— —— of fibrous tissue, 32.

Central canal, 128.

—— grey nucleus, 134,

Centroacinous cells, 210.

Centrum owvale, 156, 157.

Cerebellum, 149, 152,

Cerebrum, 149, 156, 157.

Ceruminous glands, 278, 318,

Cervix of uterus, 266.

Chalice cells, 22,

Chondrin, 31, 45.

Chondroclasts, 62.

Choroidal portion of
musele, 64,

Choroid membrane, 303.

Chromatin, 9.

Chyle, 206,

Ciliary muscle, 65, 300.

—— nerve, 163,

—— processes, 303,

Ciliated cells, 21.

Circulus arteriosus in iris, 302.

Circumanal glands, 278,

Cisterna lymphatica magna, 89.

Clarke’s columns, 137, 140,

Claustrum, 159, 162.

Cleavage of ovum, 2.

of white blood eorpusecles, 15,

Clitoris, 270.

Cochlea, 320, 324,

Cohnheim’s areas, 70.

Colloid, 339.

Colostrum corpuscles, 273.

Coloured blood corpuscles, 10,

Colourless blood corpuscles, 13,

Columnar epithelial cells, 17,

Ccirgsmismre, Grey, of spinal cord,

——, White, of s Emal cord, 135.

Cﬂmpﬂund Iymphatic glanda 98,

Conarium, 163.

Concentric bodies of Hassall, 97,

—— lamellse, 53.

Cone fibre, 316.

Cones of retina, 313.

Cori vasculosi, 250,

Conjunctiva, 291.

—— blood-vessels, 293.

—— bulbi, 293,

—— lymphatics, 293,

—— nerves, 204,

—— palpebrse, 291, 293,

Connective tissue, 31,

Contraction wave, 67.

ciliary
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Contractility of corneal cor-
puscles, 37.

—— of pigment cells, 28.

Convolution in brain, 157.

—— in nucleus, 8.

Corde tendines, 75.

Cords of adenoid tissue, 94.

Corium, 274,

Cornea, 20, 295,

—— merves in, 297.

Corneal cells, 36.

—— corpuscles, 34, 207.

Cornu A mmonis, 158, 159,

Cornua uteri, 267.

Corona radiata, 163.

Corpora albicantia, 161, 163,

—— cavernosa, 65, 255,

-— guadrigemina, 16 ).

—— striata, 161, 162.

Corpns ecallosum, 157,

—— Highmori, 244,

—— luteum, 262.

— restiforme, 144, 142,

—— gpongiosum, 255.

Corpuscles, Malpighian, 227, 233.

—— of blood, 10, 13.

—— of bone, 53.

—— of connective tissue, 36.

—— of Grandry, 120.

—— of Herbst, 115, 118,

—— of lymph, 90, 93.

—— of Meissner, 115, 118.

—— of musecle, 70,

— of nerve, 108.

—— of Paecini, 115, 121, 291,

—— of Vater, 115.

—, Tactile, 115, 118,

Corti’s arch, 330.

— cells, 331,

—— ganglion, 326.

rods, 329.

Cortical layer of ovary, 258.

lymph-sinus, 101,

Costal cartilages, 46,

—— pleura, B9,

Cowper’'s glands, 254, 270.

Cremaster internus, 252.

Crescents of Gianuzzi, 183.

Cricoid cartilage, 46,

Crista acnstiea, 323.

spiralis, 327, 332.

Crus cerebri, 142, 161.

——, Crusta of, 163.

Crusta petrosa, 171.

Crypts, 95,

—— of Lieberkiihn, 203, 209,

Cuticle of Nasmyth, 172, 177.

Cutis anserina, 257,

—— vera, 274,

345

Cystic duct, 65,
Cytogenous tissue, 92,

Deiters’ eells, 150, 331.

—— phalanges, 332,

—— processes, 141, 145,
Demilunes of Heidenhain, 183.
Dentinal canals, 173.

—— fibres, 62, 173.

—— sheaths, 173.

—— tubes, 62,

Dentine, 62, 172, 173.
Descemet’'s membrane, 44,
Diapedesis, 82,

Diapbragm, 73, 88.

Diaster stage in nuclens, 8,
Diffuse adenoid tissue, 93.
Dilatator, 65.

pupillse, 302,

Direct division, 7, 9,

“ Disc tactil,” 121.

Discus proligerus, 261,
Disdiaclasts, 74.

Distal convoluted fubes, 238.
Division, REemak’'s mode of, 7.
Daoyere's nerve-mount, 125,
Ductless glands, 338.

Ducts of pancreatic gland, 63.
—— of salivary gland, 65.
Ductus ejaculatorii, 253.
Dura mater, 127.

Dural sheath, 317.

Ear, External, 318,

——, Internal, 320.

Efferent lymphatics, 102,

—— medullated nerve-fibres, 116.

veins, 40.

Elastic fenestrated membrane of
Henle, 44,

Elastin, 43,

Electric nerve, 111,

Eleidin, 20.

Elementary fibrille, 107.

—— fibrils, 32.

—— organisms, 4,

Enamel, 171.

—— cap, 175.

— cells, 175, 177.

— organ, 175, 177.

—— prisms, 171.

E%gibulhs of KErause, 115, 119,

Endocardium, 74, 76.

Elé.dr:rch-::-udral formation of bone,

e
Endolymph, 321,
Endomysinm, 66,
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Endonenrinm, 105.
Endothelial cells, structure, 25.
—— membrane, 295.
Endothelium, 25.
Endotheloid cell-plates, 92.
Fngelmann's lateral dise, 68,
Epicerebral space, 150,
kpidermis, 19, 274,
Epididymis, 65, 250,
Epiglottis, 49, 95,
Epineurinm, 104,

Epithelial cells, 16.

division of, 24.

— — regeneration of, 24,
Epithelinm, 19.

Epitheloid layer, 56.
Eustachian tube, 319,
External arcuate fibies, 144, 147,
—— capsule of brain, 162
Eye, 290,

— -lashes, 292, .

— .lids, 201.

Fascise, 87.

Fascicles, 66.

Fasciculus cuneatus, 144,
—— gracilis, 144,

—— of Goll, 132, 144,

—— of Tiirk, 132, 142, 145,
—— pyramidal direct, 132,
Fat cells, 39,

—— —— and starvation, 41.
Femur, 60.

Fenestra ovalis, 320,

—— rotunda, 320.
Fuilégstmteﬂ membrane, 30, 33,
—— —— of Henle, 77.
Fertilisation of ovum, 2,
Fibre arcuatse, 296.

Fibres, Connective tissue, 31.
—, Elastic tissue, 50.

—— of muscle, 63, 66, 72.
—— of nerves, 103.

—— of Purkinje, 75.

Fibrille of connective tissue, 32,
—— of muscle, 64.

—— of nerve, 107,
Fibro-cartilage, 48.

Fibrous tissue development, 42.
Fillet, 160,

Fissura orbitalis, 65,
Fissures of spinal cord, 130.
Feetal tooth papilla, 176,
Follicles, Lieberkiihn’s, 203.
—, Lymph, 92, 94, 100.
——, Bebaceous, 2586,

——, Thymus, 96.

Fornix conjunctivee, 293.

ELEMENTS OF Hisrorocy.

Fornix vaginal, 269,

Fossa glenoidalis, 48,

—— navicularis, 254,

—— patillaris, 307.

—— Sylvii, 159,

Fovea centralis, 310, 314, 315
—— hemielliptica, 320.

—— hemispherica, 320,
Fundus, 266.

Funiculus of Rolando, 144,

(all-bladder, 65.

Ganglia, Cerebro-spinal, 138, 141.
——, Sympathetie, 168,
Ganglion cells, 138, 164. -
(Gasserian ganglion, 163,
Gelatinous tissue, 45.
Geniculate ganglion, 163,
Genital corpuscles of Krause, 120.
—— end-corpuscles, 115,
—— organs (male), 244,
—— —— (female), 257.
Germ reticulum of von Ebner, 247,
Germinal endothelial cells, 28.
—— epithelium, 258,

— spots, 1, 259,

vesicle, 1, 259.
Germinating cells, 29.
(Girald€’s organ, 251.
(Gland, Prostate, 253.
Glands, Bartholini, 270,
——, Brunner, 208, 209.
——, Bueceal, 187,

——, Carotie, 342,

——, Ceruminous, 278, 318.
——, Coceygeal, 342,

——, Harder, 295.

——, Krause, 293,

——, Lachrymal, 294,

——, Lieberkiihn's, 17,

—, Littré, 254,

——, Lymphatie, 80, 84, 100,
——, Meibomian, 292,

——, Mohl, 292,

——, Mucous, 179, 191,
——, Peptie, 197.

, Peyer, 95, 205.

——, Pylorie, 199,

——, Salivary, 178.

——, Sebaceous, 287.

-—, Solitary, 95.

——, Submaxillary, 179.
—, Bweat, 276.

Glandul® agminatse, 200,
—-— lenticulares, 200.

—— Pacchioni, 149,

-—— uteringe, 266.

Glans clitoridis, 270.

—— penis, 255.
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Glaszy membrane, 231,

Glisson’s eapsule, 210.

Globulin, 12.

(Globus major, 251

Glomerule, 159,

Glycogen, 14.

Goblet cells, 18, 22,

Graafian follicles, 258, 263.

Grandry's corpuscles, 120,

Granular formation of Meynert,
159.

—— layer of Purkinje, 174.

Granules in blood, 15.

Gronulosa membrana, 259,

Grey commissure, 128,

Ground lamellge, 53.

—— plexus of Arnold, 121,

—— substance, 117,

Growing capillaries, 82,

Habenula perforata, 331,

Hematin, 13,

Hematoidin, 13,

Hematoplasts, 15.

Hamin crystals, 13,

Hemoglobin, 12,

—— ¢rystals, 13,

Hair, 278.

—— bulb, 282, 285,

——, Development of, 285.

—— fibres, 282.

—— follicles, 278, 280,

—— knob, 285.

——, Marrow of, 282,

——, New formation of, 284,

—— papilla, 285,

—, Root of, 282,

—— —— -sheath of, 281,

—— sac, 280,

——, Shaft of, 279, 283,

Harder’'s gland, 295.

Haversian canals, 53,

—— lamelle, 53.

—— gpaces, 54,

Heart and blood-vessels, 74,

Helicotrema, 320.

Hemisphere of brain, 152.

Henle, Fenestrated membranes
of, 44, 77.

——, Fibres of, 44,

——, Sheath of, 105,

- -—, Btratum nerveum of, 317,

—-—, Tubes of, 237 :

Hensen’s cells, 331.

Hepatic cells, 212,

—— duet, 65.

—— lobules, 211.

—— veins, 211.

Herbst, Corpuscles of, 115, 118,
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Hilum of glands, 98.

—— of salivary glands, 180.

of spleen, 226.

Hippocampus, 159,
Hifogeneuus elastic membranes,

Howship's lacunss, 62,
Hyaline cartilage, 46.
Hyaloid membrane, 307,
Hypophysis, 161, 338,

Tleum, 205.

Ineremental lines of Salter, 174,

Inens, 320.

Indirect division, 7.

Infundibula, 65, 161, 163.

—— of brounchicle, 220.

—— of glaud, 188,

Inner molecular layer, 311.

—— nuclear layer, 311.

Interarticular cartilages, 48,

Interfascicular spaces, 34, 36.

In{?;‘glﬂhulﬂ.r spaces of Czermak,

Interlobar ducts, 180.

Interlobular bile-duets, 213, 214,

—— connective tissme of liver,
210,

—— duets, 180.

Intermediary cartilage, 48,

—— plexus, 121,

—— zone, 200.

Intermembranous formation of
bone, 55, 61,

Intermuscular fibrils, 122,

Internal capsule of brain, 163.

Interstitial lamelle, 53.

Intervertebral disecs, 48,

Intestine, Large, 201

s Small, 201,

Intima of arteries, 76, 77.

Intralobular bile-vessels, 213,

—— duets, 180.

Intranuclear network,

Iris, 300.

——, Blood-vessels of, 302,

——, Lymph-clefts of, 302.

——, Lymph-sinuses of, 302,

——, Nerve-fibres of, 302,

Island of Reil, 162,

Jacobson’s organ, 337, 338,

Karyokinesis, 7, 48, 247,
Kidney, 229,

——, Afferent arterioles of, 240,
—— blood-vessels, 240,

—— glomernlus, 234.
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Kidney lymphatics, 214, 215, 243.
—— parenchyma, 231.

vessels, 241.

Kolliker's osteoclasts, 62.

Labia pudendi majora, 287,
Labium tympanicum, 327.
vestibulare, 327.
Labyrinth, Osseous, 320,
Lachrymal glands, 294,
Lacunge Morgagni, 254,
—— of bone, 52, 53.

—— of cartilage, 46.

—— of lymphatics, 86.
Lamellse of bone, 54.

—— of cornea, 296.

—— of lens, 306.

Lamina eribosa, 317.

—— elastica of cornea, 295.
—— fusea, 299,

—— reticularis, 332.

—— spiralis ossea, 320,
vitrea, 301, SUD
La.ngerhana gmnular layer, 20.
Larynzx, 215.

Lateral basilar process, 158,
—— nucleus, 143.

tract, 143,

Lens, 305.

—— fibres, 306.

—— stars, 306.

Lenticular glands, 95.
Ligamentum denticulatum, 128,
—— latum, 65.

—— pectinatum, 299,

—— pulmonis, 221.

--— gpirale acceszsorinum, 326, 328,

—— suspensory of lens, 307.
Limitans externa, 312,
—— interna, 310.

Lines of Schreger, 174,
Liquor folliculi, 260,

—— sanguinis, 10.
Littré's glands, 254,
Liver, 88, 210.

—— vessels of, 211, 212,
Lobes of pancreas, 209,
— of salivary gland, 180,
—— of thymus cland, 96.
—— of lung, 220,

Lobules of liver, 211.

—— of lung, 220.

—— of salivary glands, 180,
—— of thymus gland, 96,
Lung, 88, 219,

—— blood- vessels, 223

—— lymphatics, 223,
Lymph, 90.

L}'m[}hﬂ.‘tl{: capillaries, §6,

Erements oF HISTOLOGY.

Lymphatic clefts, 79, 86,

— glands, 80, 84, 100,

—— rootlets, 86.

—— sinuses, 88, 101.

— tizsue, 85.

—— vessels, 79, 84, 92,
Lymphaties, 65, 201.

—— in mucosa, 190.

Lymph-canal system in cornea, 36.
—— -canalicular system,86, 90, 287,
cavities, 88,

—— corpnscles, 90, 93,

— follicles, 92, 94,

—— hearts, 90.

Lymphoid cells, 29,

Macula acustica, 323.

—— lutea, 310, 311 314, 315.
Malleus, 320,

M;%gmhmn corpuscles of kidney,

—— —— of spleen, 227.
—— pyramids of kidney, 231,
—— stratum of skin, 19,
Mammary gland, 270.
Manubrinm mallei, 318,
Marrow of bone, 50.
Matrix of osseous substance, 52.
Meatus auditorius externus, 318.
Meckel’s ganglion, 163.
Media of arteries, 76.
Median lateral fissure, 132,
Mediastinum testis, 244,
Medulla oblongata, 142,
—— of gland, 99.
Medullary cylinders, 100,
—— lymph-sinus, 101,
—— ray, 231.
—ﬁssmath of nerve-fibres, 107,
Medullated nerve-fibres, 106, 114,
137,

Meibomian glands, 292,
Meissner s corpuscles, 191, 291,

[bleru.s, 170, 201, 207,

rana hasﬂarb‘: 327, 328.

—_— ﬂhoria-cagiila,ris, 304,
—— Descemeti, 297.
—— granulosa, 239,
—— hyaloidea, 307.
—— secundaria, 322.
—— supra-choroidea, 303,
—— teetoria, 352,
—— tympani, 318.
Membranes of Krause, 67, 74.
Mesencephalon, 159,
Mesentery, 28,
Mesogastrinm, 30.
Migratory cells, 41,




INDEX. 349

Milk, 273.
—— globules, 272,
—— tooth, 177.

Modiolus, 320, 326.

Motor ganglion cells, 141.
Movement of cilia, 22,
Muein, 23.

Mucosa, 189.

——, Lymph follicles of, 200.
Mucons cells, 183.

—— glands, 179, 191,

—— membrane, 189,
Muco-salivary glands, 179,
Mucus, formation of, 23.
Miller's fibres, 310.

—— muscle, 300.

Muscle bundles, 64.

—— cells, 64,

—— corpuscles, 70.

—— fibres, 63, 72.

—— tissue, striped, 66, 189.
—— ——, Non-striped, 63, 65.
Muscular compartments, 67.
Muscularis externa, 196,
—— mucosg, 64, 195.
Musculus ciliaris Riolani, 292,
Myeloplax, 6.

Myeloplaxes of Robin, 51, 62,

Nail, 288,

—— cells, 289,

—— groove, 288,

—— substance, 289,

Nasal mucous membrane, 333.

—— geptum, 46.

Nerve bundles, 104,

—— corpuscles, 108,

—— end plate, 124,

—— endings, 112, 115,

—— fibres, 103.

—— plexus, 106, 111, 114,

Network of fibrilla, 111.

Neurilemma, 108,

Neuroglia, 133.

—— cells, 133.

—— fibrils, 133, 150,

—— of Virchow, 45.

—— tissue, 130.

Neurokeratin, 107, 109, 135, 313.

Nipple, 65.

H-:i:ﬂmedullated nerve-fibres, 111,

Norris’s blood corpuscles, 13.

Nuclear layer in bulbus olfac-
tormus, 159.

-—— zone, 306.

Nuclein, 6,

Nueleoli, 6.

Nucleus, Structure of, 6,

Nuclens candatns, 162.

—— cuneatus, 147,

-— dentatus, 147.

ilis, 147.

—— lenticnlaris, 162.
Nuclei, Inner, of retina, 311.
——, Outer, of retina, 312.
Nymphee, 270.

Odontoblasts, 173, 174, 177.
(Esophagus, 194,

Oil-globule, 39, 40.

Olfactory cells, 336.

—— nerves, 111, 159,
Olivary bodies, 143,

nucleus, 147.

Omentum of cat, 29.

— of frog, 89.

—— of guinea-pig, 40.

— of rat, 32.

——, Structure of, 33.

Optic nerve, 317.

—— nerve-fibres, 310.

—— tract, 162.

—— vesicle, 316.

Ora serrata, 310.

Organ of Corti, 328, 329, 332.
—— of Giraldé, 251.

—— of Jacobson, 337, 338,
Ossein, 52.

Osseous labyrinth of ear, 321.
—— lamellae, 52.

—a substance from osteoblasts,

Ossicula auditus, 319.
Ossifying cartilage, 48,
Dsﬁtleobiusts forming bone, 50, 57,
Osteoclasts, 62.
Osteogenetic layer, 49,
Oteoliths, 324,

Oval nuclens, 39.

Ovary, 65, 257.

——, Development of, 263,
, Lymphatics of, 268,
. Nerves of, 268.
Oviduet, 65, 265,

Ovum, 1, 259.

——

Paeinian corpusecles, 115, 121, 291,
Palate, 187.

Palme plicatae, 266,

Palpebrae, 293.

Pancreas, 208, 209,

Papilla circumvallata, 192,

—— filiformis, 191,

—— foliata, 193.

— fungiformis, 191,

—— nervi optici, 300,
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Papillary hair of Unna, 280.

—— muscle, 75.

Paraglobulin, 12,

Parenchyma of testis, 253,

Parenchymatous cartilage, 48.

Parietal cells, 199.

Pars ciliaris retinse, 303, 305, 310.

—— membranacea, 254,

prostatica, 254.

Pedunculated hydatid of Mor-

gagni, 251.

Pedunculus cerebelli, 144, 152,

Penis, 255.

—— corpora cavernosa, 255,

—— nerve endings, 120.

Peptic glands, 197,

Peribronchial lymphatics, 220, 224,

Pericardial cavities, 88,

Periceilular space, 141,

Perichondrium, 45, 46.

Perilymph, 321.

Perimysium, 66.

Perinenrinm, 104, 121.

Periosteal bone, 59, 61,

—— formation, 55.

—— processes of YVirchow, 55,

Periosteum, 50.

Peripheral nerve-endings, 112, 115,

Peritoneal cavities, 88.

Peritoneum, 65.

Perivascular lymphaties, 89, 224,

—— lymph-spaces, 151.

—— spaces of His, 141,

Pes, 161.

Peyer's glands, 95, 205.

T Fﬂ-tﬂ]l». 95

Pharynx, 190,

—— tonsil, 94, 190,

Pia mater, 80, 127,

Pial sheath, 317.

Pigment cells, 23, 37.

Plasma, 10.

— cells, 41, 100.

Plenra pulmonalis, 65, 220,

Pleural cavities, 88,

Plexus ﬁhmmdeuf. 150,

—— myentericus, 1?3 201, 217.

—— of Meissner. Eﬂi, 2{}?.

—— venosus vaginalis, 269.

Plice villosse, 197, 204.

Pons Varolii, 142 152, 154, 159,

Porta llemhs 21{}

Portio Mulieu 300,

—— vaginalis uten 266.

Posterior nerve roots from spinal
cord, 136. ;

Prickle cells, 23.

Primitive dental groove, 175.

—— fibrillee, 107, 111, 138,

ErEmeENTS oF HISTOLOGY:

Primitive fibrils, 69, 113,

—— ora, 263.

Prostate, 253.

Protoplasm, 1.

——, Structure of, 6
Protoplasmic membrane, 39.
Proximal convoluted tubule, 235.
Pulp tissue, 227.

Pulvinar, 162.

Purkinje’s ganglion cells, 152, 154,
Pylorie glands, 196, 199,

Pvramid of Ferrein, 233.
Pyramidal decussation, 142,

—— tracts, 142,

Rami capsulares, 214,
Ranvier’'s constrictions, 108,
—— nodes, 108.

Raphe, 147, 156.

Red blood corpuseles, 10, 12.
Reissner’s membrane, 326, 328,
Remak’s fibrous layer, 77.
nerve-fibre, 111,

Rete Malpighii, 19,

—— mucosum, 19,

—— testis, 250.

Reticular cartilage, 49.

—— formation, 1356.

Retina, 308,

——, Blind spot of, 300.
——, Blood-vessels of, 317.
——, Ganglion cells of, 311.
——, Lymphaties of, 317.
Rhodopsin of Knhne, 314,
Rods and cones, 313.
Rollet's secondary substance, 68.
Rosette stage in nucleus, 8.
Rugae, 268.

Saccules, 321, 322,

Sacens endolymphaticus, 321,

saliva, 189,

Salivary cells, 182,

glands, 178.

—— ——, Blood-vessels of, 186,

—————, Ducts of, 180.

—_— , Lobes of, 180,

—— ——, Lymphatics of, 186.
——, Nerves of, 186.

Sa.rcﬂde -Df Du;ardm, L

Sarcolemma, 67, 68, 73

Scala tympa,ni, 320,

—— vestibuli, 320.

Schultze's protoplasm, 5.

Schwann’s cells, 5.

Sclerotie, 298,

Scrotum, 64,

Sebaceous follicles, 286,

—
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Semicirenlar eanals, 320, 322.
Semilunar valves, 75, 86.
Seminal cells, 247.

— tubules, 246, 252,
Sensory ganglion cells, 141.

Septum cisterne lymphaticee, 30. .

Serous glands, 178, 185.

—— membranes, 89,

Sesamoid cartilages, 48,

Sharpey’s perforating fibres, 54,

Sheath of Henle, 116, 119,

—— of Schwann, 108,

Simple axis eylinders, 111, 114,

—— lymphatic glands, 92,

Skin, 274,

—— blood-vessels of, 289,

—— lymphaties of, 290,

—— merves of, 290,

Solitary glands, 95,

—— lymph follicles, 205,

Spaces of Fontana, 299,

Spermatoblasts, 247,

Spermatozoa, 249,

Sphincter papillas, 301,

Sphincters, 65,

Spinal cord, 127.

—— —— grey matter, 128, 1386,

—— —— white matter, 128, 130,

Spiral tubule, 237,

Epleen, 225,

——, Capsule of, 225,

——, Lymphaties of, 229,

——, Nerve-fibres of, 229.

—, Parenchyma of, 226,

——, Pulp of, 228,

———, Red blood corpuscles of, 186,

——, Trabeculs of, 226,

Spongy bone substance, 5.

Squamous epithelial cells, 18,

Sternal cartilage, 47,

sStigmata, 82,

Stomach, 196,

Stomata, 20, 82, 89, 224,

Stratified columnar epithelium,
21.

—— pavement epithelium, 20.

Stratum adiposum, 276,

—— ¢inereum, 160.

—— corneum, 19, 274,

—— gelatinosum, 159,

—— glomerulosum, 159,

—— Iuecidum, 19,

—— Malpighii, 274,

—— opticam, 160.

Stria vascularis, 328,

Stroma, 12,

Subarachnoidal spaces, 88, 127,
150, 318.

—— tissue, 128,

Subentaneous lymphatics, 88,

Subcutaneons tissue, 275.

Subdural spaces, 83, 127, 150.

Subendocardial tissue, 74, 75.

Subepithelial endothelium of De-
bove, 35.

Subhyaloid cells, 307. |

Submaxillary ganglion, 163.

Submucosa, 189. E

Submucous lymphatics, 83,

Subpericardial nerve branches,
76.

—— tissue, 74,

Substantia gelatinosa, 134,

—— nigra, 161.

Subvaginal space, 318.

Sudoriferous canal, 276, 277.

Sulens hippoeampi, 159.

—— spiralis, 327, 328,

Superior pedunculus
162.

Suprachoroidal tissue, 300,

Suprarenal bodies, 340,

Supravaginal space, 318,

Sweat glands, 65, 276, 290,

Sympathetic system, 166.

Synovial cavities, 88.

Tactile corpusecles, 115, 118,

—— hairs, 286.

Tapetum nigrum, 301, 303, 305,
315.

Tarsal plate, 292, 293,

Taste buds, 193.

— cells, 193.

—— goblets, 193,

Teeth, 171,

—— cement, 174,

—— development, 175.

—— pulp, 174,

Tegmental cells, 193.

Tegmentum, 160, 161,

Teichmann's crystals, 13.

Tendon cells, 33.

Tendons, 87.

Tenonian capsule, 318,

—— space, 318.

Tensor choroidese, 300,

Terminal bronchi, 221.

Testis, 244,

Thalamencephalon, 161.

Thalamus opticus, 157, 161, 162,

Thoracie duct, 84.

Thymus follicles, 96.

—— gland, 96.

Thyroid cartilage, 46,

—— gland, 339, 340.

Tongue, 190,

—— gerous glands of, 191,

cerebelli,
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Tonsils, 95.

Touch-cells of Merkel, 115, 119,
—— -corpuscles of Merkel, 120,
Trabeculge carnese, 75.

—— of lymphatics, 65.

—— of spleen, 65.

Trachea, 46, 65, 217.
Tractus olfactorius, 159.
—— optiens, 162.
Transitional epithelinm, 21.
Tuba Eustachii, 319,

Tuber cinereum, 161, 163,
Tubercle of Rolando, 145.
Tubes of epididymis, 252.
Tunica adnata, 244,

—— albuginea, 244,

—— dartos, 65.

—— fibrosa, 261.

—— propria, 328,

—— vaginalis, 244,

Tyson’s glands, 255,

Ureter, 230, 243.
Urethra, Female, 269,
—, Male, 254.
Urinary tubules, 231,
Uterns, 64, 265,
Utricle, 321.

Uvea, 301

Vagina, 65, 268,

Varicose nerve-fibres, 110.
Vas deferens, 65, 252,
—— rectum,.250.

Vasa efferentia, 250.
Vascularisation of cartilage, 55.
Vater's corpuscles, 115,
Veins, 65.

——, Intima of, 79.

—, Media of, 79.

—— of the bones, 78.

Veins of the brain, cord, gravid
ué;erus, membranes, and retioa,
80,

——, Valves of, 79.

Vena axillaris, azygos, cava, cru-
ralis, hepatica, intima, iliaca,
mesenterica, poplitea, renalis,
spermatica, and nmbilicalis, 80,

—— jugularis, and subclavia, 79,

Vene rectae, 242,

— stellatse, 242,

—— vorticoss, 305.

Venous radicles, 227,

—— ginuses, 227.

Ventricle, Fourth, 148,

Ventricles, 76.

Vesicule seminales, 65, 252.

Vestibulam, 270.

Virchow’s erystals, 13.

Visceral pericardium, 74,

peritoneum, 194,

Vitreous body, 307.

White blood corpuscles, 13, 16.
—— commissure, 135,

—— fibrous tissue, 30, 31.

—— substance of brain, 151.

of cord, 110.

—— —— of Schwann, 107, 108.
Wolffian body, 258.

Wreath arrangement of nucleus, 8,

—

Yellow elastic cartilage, 49,
—— —— {issue, 43,

Zona fasciculata, 341.
—— glomerulosa, 340,
—— pellucida, 259,
—— reticularis, 341,
vasculosa, 257,
Zonula ciliaris, 307,
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HIS Series has been puojected to meet the demand

of Medical Students and Practitioners for com-

pact and authoritative Manuals, which shall embody

the most recent discoveries, and present them to the

reader In a cheaper and more portable form than has
till now been customary in Medical Works.

Each Manual will contain all the information re-
quired for the Medical Examinations of the various
Colleges, Halls, and Universities in the United King-
dom and the Colonies.

The Authors will be found to be either Examiners
or the leading Teachers in wellknown Medical
Schools. This will ensure the practical utility of the
Series, while the introduction of the results of the
latest scientific researches, British and Foreign, will
recommend them also to Practitioners who desire to
keep pace with the swift strides that are being made
in Medicine and Surgery.

In the rapid advance in modern Medical know-
ledge, new subjects have come to the front which
have not as yet been systematically handled, nor the
facts connected with them properly collected. The
treatment of such subjects will form an important
feature of this Series.

New and valuable Illustrations will be freely intro-
duced. The Manuals will be printed in clear type,
upon good paper. They will be of a size convenient
for the pocket, and bound in red cloth limp, with red
edges. They will contain from 300 to 540 pages, and
w:ll be published at prices varying from 4s. 6d. to

7s. 6d.
(For List of Manuals see over.)
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Manuals for Students of Medicine.

I.—Elements of Histology. By E. Kury, M.D.,
F.R.S., Joint-Lecturer on General Anatomy and Phy-
siology in the Medical School of St. Bartholomew's
Hospital, London. ZThird Edition. 68,

IT.—Surgical Pathology. By A. J. Perrer, M.B,,
M.S., F.R.C.S,, Surgeon and Teacher of Practical
Surgery at St. Mary’s Hospital. 7s. 6d.

IT[.—Surgical Applisd Anatomy. By FREDERICK
Treves, F.R.C.8., Senior Demonstrator of Anatomy
and Assistant Surgeon at the London Hospital, 7s. 6d.

1V.—Clinical Chemistry. By CuarLes H. RALFE,

M.D., F.R.C.P., Assistant Physician at the London
Hospital. 5s.

V.—The Dissector’s Manual. By W. BRruce
CLargg, M.B,, F.R.C.8., and C. B. LockwooD,
F.R.C.8., Demonstrators of Anatomy St. Bartholomew’s
Hospital Medical School.  6s.

VI.—_Human Physiology. By Hesry Powgr, M.B.,
F.R.C.8., Examiner in Physiology, Royal College of
Surgeons of England. 68,

VII.—Materia Medica and Therapeutics: An

Introduction to Rational Treatment.
By J. MrrcHELL Brucg, M.D., F.R.C.P., Lecturer on
Materia Medica at Charing Cross Medical School, and
Physician to the Hospital, 7s. 6d.

VIII.—Physiological Physices. ByJ. McGREGOR-ROBERT-
soN, M.A., M.B., Muirhead Demonstrator of Physi-
ology, University of (Glasgow,

[IX.—Comparative Physiology and Anatomy,
3y F. JErrREY BELL, M.A., Professor of Comparative
Anatomy at King's College.

X.—Operative Surgery. By EbpwarRD BELLAMY,
FF.R.C.8., Surgeon and Lecturer on Anatomy at Charing
Cross Hospital ; Examiner in Anatomy, Royal College
of Surgeons.

XI.—Surgical Diagnosis: A Manual for the
Wards. By A. PrarcE Gourp, M.S., M.B,
F.R.C.8., Assistant Surgeon to Middlesex Hospital.

XII.—Forensic Medicine. By A. J. PeppEr, M.S,,
M.B., F.R.C.8., Examiner in. Forensic Medicine to the
University of London.

XITT.—Medical Applied Anatomy. By Jouy CurNow,
M.D., F.R.C.P., Professor of Anatomy at King’s Col-
lege, Physician at King’s College Hospital. ;

Other volumes will follow in due course.
Cassell & Company, Limited, London ; and all Booksellers.
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CLINICAL MANUALS

FOR

Practitioners and Students of Medicine.

Complete Monographs on Special Subjects.

HE object of this Series is to present to
the Practitioner and Student of Medicine
original, concise, and complete monographs
on all the principal subjects of Medicine and
Surgery, both general and special.

It is hoped that the series will enable
the Practitioner to keep abreast with the rapid
advances at present being made in medical
knowledge, and that it will supplement for
the Student the comparatively scanty infor.
mation on special subjects contained in the
general text-books.

The Series will form a complete Ency-
clopedia of Medical and Surgical Science
in separate volumes.

The Manuals will be written by leading
Hospital Physicians and Surgeons, whose
work on each special subject may be con-
sidered to be authoritative.

The Manuals will be printed in clear
type upon good paper. They will be of a
size convenient for the pocket, substantially
bound in blue cloth limp, with blue edges.
Lach volume will contain about 544 pages,
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and will be freely Illustrated by Original
Chromo-Lithographs and Woodcuts, when
required, and will be published at about 8s. 6d.

IN ACTIVE PREPARATION,

1.—Syphilis. By JoNaTuAN HUTCHINSON, F.R.S,
F.R.C.S., Consulting Surgeon to the London Hospital and to the
Royal London Ophthalmic Hospital,

2. — Insanity, including Hysteria. By GEORGE
H. Savace, M.D., Medical Superintendent and Resident
Physician to Bethlem Royal Hospital, and Lecturer on Mental
Diseases at Guy's Hospital. _

3.—Diseases of the Breast. By THomAs BRYANT,
F.R.C.S., Surgeon to and Lecturer on Surgery at Guy's
Hospital.

4.—Intestinal Obstruction. By FRrREDERICK
Treves, F.R.C.S., Assistant Surgeon to and Lecturer on
Anatomy at the London Hospital.

s.—Surgical Diseases of the Kidney. By
Hexnry Morris, M.B., F.R.C.S., Surgeon to and Lecturer on
Surgery at Middlesex Hospital.

6.—The Pulse. By W. H. Broapsenrt, M.D.,
F.R.C.P., Physician to and Lecturer on Medicine at St. Mary's
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7.—Diseases of the Tongue., By H. T. BurLIN,
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8.—Surgical Diseases of Children, By EDMUND
Owen, M.B., F.R.C.S., Surgeon to the Children’s Hospital,
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Hospital.

1o.—Diseases of dJoints, By HowArRD MARSH,
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The Year Book of Treatment.

A Critical Review jfor Practitioners of Medicine.

Crown 8vo, 320 pages, cloth, price 58.

HE object of this book is to present to the Prac-
titioner not only a complete account of all the
more important advances made in the Treatment of
Disease, but to furnish also a Review of the same by
a competent authority.

Each department of practice will be fully and
concisely treated, and into the consideration of each
subject will enter such allusions to recent pathological
and clinical work as bear directly upon Treatment.

The medical literature of all countries will be
placed under contribution, and the work will deal with
all matters relating to Treatment that have been pub-
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A full reference will be given to every article noticed.
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LisT 0oF THE SUBJECTS AND CONTRIBUTORS \—

1. Diseases of the Heart and Circulation. By ]J.
MiTcHELL Brucge, M.D:, F.R.C.P., Physician to
Charing Cross Hospital. :

2, Diseases of the TLungs and Organs of Respira-

tion. By R. DoucLas PowegLL, M.D., F.R.C.P.,
Physician to Middlesex Hospital.

3. Diseases of the Nervous System. By A. bk
WATTEVILLE, M.D., B.Sc., Physician to the Electiical
Department, St. Mary’s Hospital,

4. Diseases of the Stomach, Intestines, Liiver, &c.
By T. LAuDEr BrunTON, M.D., F.R.C.P.,, F.R.S.,
Assistant Physician to St. Bartholomew’s Hospital.

5. Diseases of the Kidney, Diabetes, &c. By C. II.
RALFE, M.D., F.R.C.P., Assistant Physician to the
London Hospital.

6. Rheumatism and Gout. By Dvce DuckworTH,

M.D., F.R.C.P., Assistant Physician to St. Bartholo-
mew’s Hospital.



10.

11.

12.

14.

15,

16.

T

18.

Igl
20,

21.

21?-1-

Anssmia, Scurvjr, &c. By SipNEY CoUPLAND, M.D.,
F.R.C.D., Physician to Middlesex Hospital.

Medical Diszaszs of Children. By A. E. Sansowm,
~ M.D., F.R.C.P., Physician to the North Eastern Hos-
pital for Children and to the London Hospital.

. Continued Fevers. By F. A. ManoMmeEDp, M.D,,

F.R.C.P., Physician to the London Fever Hospital and
Assistant Physician to Guy’'s Hospital.

Greneral Surgery. By THoMmas Bryant, F.R.C.S,,
Surgeon to Guy's Hospital, and FREDERICK TREVES,
F.R.C.S., Assistant Surgeon to the London Hospital.

Orthopeedic Surgery. By J. WARRINGTON HAWARD,
F.R.C.S., Surgeon to St. George’s Hospital.

The Surgery of the Female Pelvic Organs.
By J. KNowsLEY THORNTON, M.B. and C.M., Surgeon
to the Samaritan Hospital.

Diseases of the Genito-urinary Organs. By
ReciyaLp Harrison, F.R.C.S., Surgeon to the Royal
Infirmary, Liverpool.

Surgical Diseases of Children. By EpmunD
Owex, F.R.C.S., Surgeon to the Children’s Hospital,
Great Ormond Street, and to St. Mary's Hospital.

Venereal Diseases. By ALFRED COoPER, F.R.C.S,,
Surgeon to the Lock IHospital.

Diseases of Women. By Joun WiLrLiams, M.D.,
F.R.C.P., Obstetric Physician to University College
Hospital.

Midwifery. By Francis H. CuHamMpNEYS, M.B,
F.R.C.P., Assistant Obstetric Physician to St. George's
Hospital. :

Diseases of the Skin. By MarcoLm MORRIS,
F.R.C.5.Ed., Surgeon to the Skin Department, St.
Mary’s Hospital.

Diseases of the Eye. By HEsry Powkr, F.R.C.5.,
Ophthalmic Surgeon to St. Bartholomew’s Hospital,

Digeases of the Ear. )y GEorRGE P. FIELD,
M.R.C.S., Aural Surgeon to St. Mary’s Hospital. -
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