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32 HISTOLOGY.

diately after dipping them into this fluid. The objects should remain in
it for from twenty-four to forty-eight hours, allowing about 60 c.c. of the
reagent to each one-centimeter cube of tissue, should be washed in
running water for the same length of time, rinsed in distilled water, and
hardened in the dark in alcohols of gradually increasing strength (p. 33).
For the removal of the sublimate precipitates that occur in the tissues
add to the go per cent. alcohol enough tincture of iodin to impart to the
fluid the color of port-wine. The objects remain for from eight to fourteen
days in this iodin-alcohol, the color of which rapidly fades, and there-
fore it requires the daily addition of enough of the tincture of iodin to
maintain the desired color.* Finally the objects are transferred to pure
go per cent. alcohol, which is to be changed two or three times, and in
this they may remain for a week or longer. (See also p. 47.)

7. Osmic-acid Selution (p. 22),—In using this reagent care must be
taken not to inhale the vapor, which is very irntating to mucous mem-
branes. Fixation is accomplished either by immersing very small pieces,
up to 5 mm. cubes, in the acid, which is usually employed in a one per
cent. solution, of which only a small quantity—from 1 to 6 c.c.—need
be used ; or by exposing the moist object to the vapor of the osmic-acid
solution. For the latter purpose pour I c.c. of the 2 per cent. solution
into a test-tube about § cm. in length and add an equal volume of dis-
tilled water : fasten the object by means of quills to the under surface of
a cork-stopper, with which the test-tube is then to be securely closed.
In from ten to sixty minutes, according to the size of the object, it is
removed from the cork and dropped into the fluid in the test-tube. In
both cases the objects remain in the acid for twenty-four hours, and
during this time the containers must be tightly closed and stood in the
dark. Then the objects are taken out, washed for from one-half to two
hours in running water, rinsed in distilled water, and hardened in
gradually strengthened alcohols (§ 5).

8. Chromic-acctic osmic acid (Flemming's solution) (p. 22) is an
excellent medium for the fixation of karyokinetic figures. Place the
absolutely fresh, still warm pieces, from 3 to 5 mm. in diameter, in 4 c.c.
of this fluid, in which they remain for from one to two days, or even
longer. Then the pieces should be washed in running water for one
hour, better longer, rinsed in distilled water and hardened in alcohols
of gradually ascending strength (§ 5). The effect of this mixture on

e - - = —

# If, despite this, the sections still show sublimate precipitates, the latter may be removed
by placing the sections in iodin-alcohol for about ten minutes, Then rinse them in pure aleo-
hol, transfer them to the staining fluid, etc. Occasionally, the staining is difficult ; this may be
remedied by subsequent treatment with diluted potash lye (p. 36, remark *).
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Niuclear Staining with Hansen's Hematoxylin (p. 23).—Filter from ‘
3 to 4 c.c. of the staining fluid into a watch-glass and in it place the sec-
tions. The time in which the sections stain varies greatly. Sections ‘
fixed and hardened in alcohol stain in from one to three minutes. If :
Miiller's fluid was used for fixing, the sections must remain in the staining |
fluid somewhat longer—up to five minutes. *

From the stain the sections are transferred to a watch-glass contain- ‘
ing distilled water, in which they are washed,—. e., gently moved about _
with the needle to remove the excess of dye,—and then placed in a glass |
containing 30 c.c. of distilled water. In this the sections must remain at |
least five minutes, during which their blue-red color changes to a beauti-
ful deep blue, which becomes the purer the longer (up to twenty-four
hours) the sections are allowed to remain in the water, At first the sec-
tions have a faded blue tint ; usually the differentiation occurs in about
five minutes, but sometimes not for hours. When it is completed, certain
details can be recognized even by the unaided eye.

Beginners are recommended to leave the sections for different lengths
of time—one, three, or five minutes—in the stain, in order to learn the
time required to produce successful staining. The chief esséntial in
hematoxylin staining is thorough washing ; if the water becomes blue, it
must be replaced by fresh. The used stain should be poured back
through the filter into the hematoxylin bottle. The watch-glasses
should be immediately cleaned.

2. Nuclear Staining with Alwm-carmine (p. 24).—Filter from 3 to
4 c.c. of the staining fluid into a watch-glass, place the sections in it, and
allow them to stain for at least five minutes. The advantage of this dye
lies in this, that the sections may be leftin it for a longer period without
becoming overstained, what is more apt to occur with hematoxylin ; a
disadvantage is, that alum-carmine is a pure nuclear stain, while in
hematoxylin staining the protoplasm too acquires color, a gray or gray-
violet tone, and is thereby more easily recognized.

3. Diffuse Staining.—For staining the protoplasm and the inter-
cellular substances.

(a) Slow Staining.—A small drop of neutral uanmn& sglilgm is

died either by lmepmg tl:m -::hj:;ls fmm twu»l‘.n
be changed two or three times durlng'_ﬂf period; o
minutes "-ll'll‘.h 5 c.c. cf dmtﬂihﬂ. wate :.ﬁ'l_;iﬁh r

I.uxylm. In&umﬁvuto h:nmI utes sucl






38 HISTOLOGY.

be returned to the bottle. In a few minutes the acid-alcohol acquires a
red color* and must be replaced by fresh, which should be again
renewed in about fifteen minutes ; this renewal must be repeated until
the alechol no longer becomes red.t The object is then transferred
to go per cent. alcohol, and if after twenty-four hours it is not suffi-
ciently hardened to be sectioned, it is placed for twenty-four hours or
longer in absolute alcohol.

6. Picrocarmine—Double-staining : Nuclei and connective tissue red,
protoplasm yellow. Filter about 5 c.c. of the staining fluid into a watch-
glass. The length of time in which picrocarmine acts differs greatly for
individual objects and can be approximately given only in the special
directions. When the staining is completed, the dye is filtered back into
the bottle and the object transferred for from ten to thirty minutes to 10
c.c. of distilled water. (The latter procedure is omitted in staining under
the cover-glass, p. 48.) If the object, e. £., a section, is to be dehy-
drated in absolute alcohol (p. 435), it must not be allowed to remain in
this reagent longer than from one to two minutes, because the alcohol
extracts the yellow stain; or, the decolorization can be prevented by
adding a small crystal of picric acid to the absolute alcohol.

Picrocarmine is preferably used in the examination of fresh objects.
If the solution is good, very pretty staining is obtained that is improved
by subsequent treatment with acidulated glycerol, which renders it crisp
and clear.

7. Nuclear Staining with Anilin Dyes.—For this purpose the best
anilin dyes are veswwvin and methyl-violet, B (p. 25). Filter 5 c.c. of the
staining fluid into a watch-glass ; in this place the sections, which acquire
a very dark color in from two to five minutes ; they are then washed in,
distilled water and transferred to a watch-glass containing absolute
alcohol, in which they give off the dye abundantly. In a few minutes,
from three to five, the sections become paler, and individual parts
(e. g., the glands of the skin) can be detected by the unaided eye. The
sections are now to be transferred to another watch-glass containing
s c.c. of absolute alcohol, and in about two minutes they may be cleared
and mounted. The result is a very beautiful permarnent nuclear stain.
A disadvantage lies in the necessity for using so much absolute alcohol.

Safranin can be similarly employed. The sections stained for five

# Preparations fixed in Miiller's fluid often give off very little dye.

+ This may require from one to three days; during the first day the fluid should be
changed every two hours, subsequently every four hours, If you wish to be econamical,
take a needle and gently push the object out of the area of red fluid in which it lies into
uncolered portion of the alcohol.
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water, and for each piece 10 c.c. of this fluid).* A brown precipitate
immediately surrounds the pieces. They should be left in the silver-
solution for two days (which need not stand in the dark and must not
be placed in the oven), and they may remain in it for six days without
injury ; they are then placed for from hiteen to twenty minutes (not
longer) in 20 c.c. of absolute alcohol, then embedded in elder-pith (or
in celloidin, see Microtome Technic) and cut into thick sections (p. 34).

Each section should be "examined, without a cover-glass, with the
low power, in order to ascertain its usefulness; if it is good, it is placed
for from one to two minutes in a watch-glass containing absolute alcohol,
then in creosote for two minutes, and in oil of bergamot for two minutes :
from this it is transferred for a few seconds to xylol, then placed upon
- the slide. Finally the xylol is removed by light pressure on thé section
with clean filter-paper and the preparation covered with a few drops of
Canada-balsam diluted with xylol. A cover-glass must #e¢ be applied,
because it would prevent evaporation of the moisture in the section,
which when retained destroys the Golgi preparations. Not infrequently
—especially when the xylol has not been satisfactorily removed—the
Canada-balsam gradually withdraws from the preparation, which in con-
sequence appears spoiled, but may be fully restored by the application of
a fresh drop of balsam. At first the preparation should be examined
with the low-power objective ; when the balsam has become dry the
high power may be used.

The results obtained by this method, when successful, are admir-
able ; single elements of the nervous system (never all), occasionally also
blood-vessels, lymph-vessels, connective-tissue fibers, secretions, muscle-
fibers, and epithelial-cells stand out in full relief—black on a light back-
ground. But the method is subject to various accidents. Almost in-
variably the best sections are disfigured by black precipitates ; these occur
chiefly at the edges of the preparations; in order to aveid them it has
been suggested that a layer of coagulated blood be applied to the fresh
object. Very often the reaction fails entirely (especially when the action
of the Golgi mixture was too prolonged); then the so-called “ double
method "’ may lead to success. If the first sections show nothing, the
objects should be again treated with Golgi's fluid for from twenty-four to
thirty-six hours, and for the same length of time with the silver solu-
tion. A second failure may be occasionally crowned with success by a
second repetition of the procedure. In the application of Golgi's method
practice and patience are important factors.

— — SN s ———

#* The used Golgi mixture is to be thrown away.
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5 c.c. of g5 per cent. alcohol. In making this transfet, as little as
possible of the water should be allowed to adhere to the section. If a
section-lifter is used the water clinging to it should be absorbed with filter-
paper ; if the sections are lifted on a needle the water can be removed by
bringing the filter-paper into gentle contact with them. Thin sections re-
main in the g5 per cent. alcohol two minutes ; thick sections, ten minutes
or longer.* Then the sections are transferred for clearing to a watch-
glass containing 3 c.c. of oil of bergamot, as much as possible of the
alcohol being removed with filter-paper before placing them in the clearing
agent.t If the watch-glass is placed on a black background the effect
of the oil can be watched, and it will be seen that the sections gradually
become transparent. Care must be taken not to breathe into the watch-
glass, or the oil of bergamot will immediately become turbid. If some
areas of the section do not become transparent within two or three
minutes (such areas appear white and opaque in direct light, black-brown
in transmitted light), this indicates that the section is not dehydrated and
it must be put back into the absolute alcohol. When the clearing is com-
pleted the section is transferred to a dryslide,the superfluous oil { absorbed
with filter-paper or carefully wiped up || with a linen cloth turned over the
index-finger, and a cover-glass, from the under surface of which a drop
of damar is suspended, applied. If several sections are to be mounted
under one cover, arrange them close together with a needle ; then, by
means of a glass-rod, apply a thin, even layer of damar to the under
surface of the cover-glass and place it on the sections. Large air-bubbles
are driven out by placing a small drop of damar at the edge of the
cover-glass ; on the following day it will be seen that the air-bubbles
have retreated from beneath the cover. Small air-bubbles disappear
spontaneously and may be neglected.

It not infrequently happens to beginners to discover that the damar
becomes turbid and finally renders the entire preparation, or parts of it,

* Beginners are recommended to transfer the sections from the water to 5 c.c. of go per
cent. aleohol, and then to place them in an equal quantity of g5 per cent. alcahol.

t Thin sections may be transferred from the g5 per cent. alcohol directly on to the slide,
the superfluous alcohol wiped off, and a drop of bergamot oil applied. At first the oll will withdraw
from the section and must be led back with the needle; when the clearing is completed, which
can be ascertained under the mieroscope with the low power, as much as possible of the oil
should be wiped up and a cover-glass with a drop of damar applied. When examining
uncovered sections lying in oil both oil and sections often become clouded by the moisture
exhaled in breathing; in this ease drain off the clouded oil and add a fresh drop.

t The cil in the watch-glass that has been used for clearing may be returned to the
bottle,

| The removal of the oil is most readily accomplished by inclining the slide and then
wiping it.













[11. MANAGEMENT OF THE MICROSCOPE.

In conformity with the position taken in the introduction, an exhaus-
tive description of the optic and mechanical parts of the microscope
cannot be entered upon here. Fig. 1 will recall to the reader the usual
names of the several parts of the microscope.

The first requisite in the use of the microscope is perfect cleanliness
of all its parts (see also p. 17). The surface of the mirrors, objectives,
and oculars should not be touched with the fingers. The objective
should be held with the lower end directed toward the window and
the clearness of the reflected image thus tested. Foreign matter on the
ocular can be detected by rotating the latter in the tube, when anything
that is adherent will revolve, :

After the ocular has been placed in the upper end of the draw-tube
and a low-power objective screwed on the lower end of the tube (or on
the revolver, if used), the field of view of the microscope should be illu-
minated with light reflected from a suitable source by the concave mirror
placed below the stage. This is best accomplished by moving the mirror
tentatively in all directions (with the diaphragm widely open, and the
front-lens of the objective about 1 c¢cm. above the level of the stage) till
the eye, looking simultaneously through the eye-piece into the micro-
scope, sees the field of view brightly and uniformly illuminated.* The
concave mirror should be used with dry lenses, except when a substage
condenser is employed.

The light reflected from a white cloud or from a white window-blind
illuminated by the sun is recommended ; less desirable but still useful as
a source of light is the blue sky. Direct sunlight must be avoided. In
using artificial illumination the light should be taken from the inner sur-
face of a white lamp-shade, not directly from the flame. A sereen of blue

* The rays of light reflected from the mirror in this position pass perpendicularly through
the object on the stage. This is called ** central ilfumination.”’ For distinguishing slight dif-
ferences of level between adjacent parts of an object it is of advantage to use ** obligue or lateral
eminrtvon,” to oltain which the mirror is moved to the side so that the rays reflected from it
strike the object obliquely. 'When lateral illumination is used the diaphragm and the cylinder
in which it is mounted must be removed, so that the opening in the stage shall be as large as
possible.
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58 HISTOLOGY.

membrane, not always present, is composed of amphipyrenin ; often a
membrane is simulated by a thin superficial layer of chromatin. The
nuclear network and the nucleoli undergo important changes according to
the age of the cell. 3. The centrosome, a usually diminutive corpuscle
within the nucleus, from which fine threads extend to the chromatin-
cords and to the nuclear membrane. Because of its minuteness it can
be seen only in particularly favorable objects (in the spermatocytes of
Ascaris megalocephala univalens, in carcinoma cells); it becomes more
distinct when it wanders from the nucleus into the protoplasm, which
it does during the division of the cell. In the protoplasm the cen-
trosome seems to be able to remain for a considerable period and there
it was first discovered (Fig. 3).

Most cells contain but one nucleus ; only a few have several nuclei
(some wandering-cells, giant-cells, and others). Non-nucleated cells
(horny cells of the epidermis, colored blood-corpuscles of mammals)
originally possess nuclei, but lose them in the course of development,

An unessential element of the cell

is the cell-membrane, which is wanting in

many cells and when present is either a
transformation of the peripheral zone of

the protoplasm or a secretory product

Centrosome:  of the latter; it appears as a thin,

FIG. 3.—CELL or TuE Bowe-Marrow or  usually structureless envelope. The
A Basprr. 3 150, The double centro-
some liesin a clear area, the attraction-  protoplasm of cells may contain adven-
sphere.

titious materials, pigment, glycogen, etc.,
and globules of fat, of aqueous and slimy fluids. The term paranucleus
has been used to designate various structures, the significance of
which is not yet in each case determined. A paranucleus is often
simulated by the remnants of degenerated cells that have been in-
corporated in a living cell.  In other cases the paranucleus is confused
with the centrosome.

Cells differ greatly in form. They may be: splerical, the typical
form of all cells in the embryonal period, and in the adult, for example,
resting leucocytes are spherical ; discoid, e. g., the colored blood-cor-
puscles ; polyhedral, e. g., the liver-cells ; eplindrical or columnar, ¢. g.,
the epithelium of the small intestine ; cubical, e. g., the epithelium of the
capsule of the crystalline lens ; flattened (so-called squamous epithelium),
¢. g., the epithelial-cells of the blood-vessels ; spindle-shaped, e. g., many
connective-tissue cells ; elongated mto fibers, . g., smooth muscle-fibers ;
and stellate, e. g., many ganglion-cells. The form of the nucleus usually
corresponds to the form of the cell. It is more or less oval in columnar,
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movements ensue very slowly ; in warm-blooded animals, only on arti-
ficial warming of the object. For ciliary motion and contraction see the
Epithelial Tissues and the Muscular Tissues.

There is still another movement that is observed not only in the
living but also in the dead cell. This is the so-called molecilar motion,
an oscillation of minute granules in the cell, the result of molecular
currents in the fluid in which they are suspended. It may often be
observed in the salivary corpuscles (see the Lymph-follicles of the
Tongue).

Reproduction and Multiplication of Cells—Formerly, two kinds of
cell-formation were distinguished,—spontaneous generation ( generatio
@quivoca) and generation by division, According to the theory of
spontaneous generation, cells originated in a suitable fluid, eytodiastemia,
This view has been utterly abandoned. Only one kind of cell-generation
is now recognized ; namely, reproduction by dizision of preéxisting cells,
“ Omnis cellula e cellula.” *

In the division of a cell, first the nucleus and then the protoplasm
divides into two usually equal parts, In this process a special grouping
and rearranging of the nuclear substances take place according to
definite laws. This mode of division is called indirect division, mitosis,t
karyekinests.  Its cycle is usually divided into three phases, as follows :

(1) Prophase.—The centrosome increases in size and migrates
from the nucleus into the protoplasm. There it lies close beside the
nuclear membrane, surrounded by a clear zone from which delicate
threads radiate, that collectively are called astrosphere, or attraction-
sphere. The centrosome now divides in halves, each of which is sur-
rounded by an attraction-sphere. Then the nucleus enlarges; the
nuclear network becomes richer in chromatin and the chromatin-cords
assume the form of tortuous segments, clromosomes, T transversely dis-

* Likewise, a new nucleus can be formed only by the division of an existing nucleus,
The theory of spontaneous generation of nuclei, according to which nuclei originate directly from
the protoplasm and independently of existing nuclei, lacks convincing evidence.

1 Mérog = thread, because in this process threads are visible in the nucleus, There is
a second mode of division, in which the nuclei divide simply by censtriction, withont a definite
grouping of the nuclear substances. This is called a¥recs or amitotic division. It is, however,
very probable that this kind of division in vertebrates has not the significance of a physiofogical
multiplication of cells, but occurs only in those cells which are on the point of disintegrating,
for very often the division of the protoplasm does not follow, so that only a multiplication of
nuclei takes place. This frequently happens in leucocytes, also in epithelial-cells, & g, in the
superficial epithelial-cells of the bladder of young animals.

f These segments are also present in many resting nuclei, but are not easy to distinguish
because of the many lateral branches by which they anastomose with their lellows to form a
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The intercellular substances occur either in small amount, as struc-
tureless, soft, perhaps fluid, cement-substance, between epithelial-cells,
connective-tissue cells, smooth muscle-fibers, etc. ; or in large amounts,
exceeding the mass of the cells, and are then called matriv or ground-
substance. The matrix is either formless (homogeneous) or formed ; in
the latter case it is for the most part transformed into fibers or granules
of different kinds. The remnants of formless substance found between
the fibers or granules are also called cement-substance,

TECHNIC,

No. 1.—For the study of nuclear structure and karyokinesis am-
phibian larve are most suitable. Those most readily procured are the
larva of the water-salamander, which in the months of June and July
abound in every pool. Place freshly-caught specimens, 3 to 4 cm. long,
in about 100 c.c. of chromic-acetic acid (p. 22). After three hours place
the larvae in running water for eight hours, and then in 70 per cent. alco-
hol. At the expiration of four hours, or later, the objects are ready for
further treatment.

a. Nuclear Structure—With a scalpel carefully scrape the epithe-
lium from the skin of the ahdomen, with two pairs of fine forceps strip
off the thin corium, stain it from one to three minutes in § c.c. of Hansen's
hematoxylin (p. 36), and mount in damar-varnish (p. 45). Between the
round glands beautiful connective-tissue cells with large nuclei may be
seen. The reticulum of the proto-
plasm, the centrosome and attraction-
sphere, and the finer structure of the
nucleus can only be recognized by the
: employment of complicated methods
-vw._i' Muclear membraneg, aﬂd hlgh‘ ﬂlﬂgniﬁﬁﬂtiﬂl’l. The I'ESTJItS
Mucleus. j.'—,l"':',:_-:_ 2 Chromatin-cords. obtained h}’ Grdinar},-' methods are
a1 NUCLoll like that pictured in Fig. 6.

The cross-striped muscles of the
tail and the membranes of smooth
Fic. 6 —CosNseECTIVE-TISSUE CELL  FROM musele-fibexs {:m,e lz!tter oy, be rﬂadil}'

Contun oF TRIToN Tasiarus, Surrace  Obtained by stripping off the muscu-
Yir X 3o, Oui Whe courier Namenls Jagis of the intestine) also furnish in-
ssng il s megicuion M el structive slides,

paris of the nuelear networl. & Xc‘ﬂ‘_}l'ﬂ.{’fﬁfﬂi.—With a pair of
fine scissors cut round the margin
of the cornea, and strip off the same ; stain and preserve as in a. The
preparation must be placed on the slide with the convex surface of the
cornea upward ; in the epithelium, even with the low-power objective,
many karyomitotic figures may be seen, which are recognized by l.'ldleu-
intense color, By this method the nuclear-spindle and polar-radiation,
as in Fig. g, can only be perceived (with higher magnification) in espe-
cially favorable preparations, e. g., eggs of siredon and of the trout.

Protoplasm. P
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taining rigid fibers (Fig. 31 B). The preparation may be preserved by
adding a few drops of dilute glycerol.

Fresh cartilage does not readily stain. The tissue must be first
placed in Kleinenberg's picrosulphuric-acid mixture or in Muller's fluid,
then in alcohol (p. 33), and subsequently stained with Hansen's hema-
toxylin (p. 36). Mounted in damar, which clears vigorously, the finer
details vanish.

No. 18.—Flastic Cartilage.—Take a piece of the arytenoid cartilage
of man (better still of the ox)—the elastic cartilage of the anterior angle
is recognized by its yellowish color. Cut a section that includes the
boundary line between the elastic and hyaline cartilage, and examine it in
water, Preserve like No. 17. The development of the elastic fibers may
often be studied in the cartilages of adults, especially in the epiglottis and
in the vocal process of the arytenoid cartilage (Fig. 32, 1).

No. 19.—White Fibro-cartilage—Cut the intervertebral discs of
adult man in pieces from 1 to 2 em. square; fix in 100 c.c. of picrosul-
phuric acid (p. 21) for twenty-four hours and harden in 50 c.c. of gradually
strengthened aleohols (p. 33).  Stain sections in Hansen's hematoxylin
(p. 36) and mount in damar (p. 45). Sections through the edges yield
hyaline cartilage ; through the central portions of the disc they exhibit
large groups of cartilage-cells.

IIT. THE MUSCULAR TISSUES,

The structural elements of the muscular tissues, the muscle-fibers,
occur in two forms, the smeoth and the sériated. Both are cells, the
body of which is extraordinarily elongated.

1. Swooth, Nen-striated, or Involuntary Muscle—The tissue of
smooth muscle consists of contractile fiber-cells, spindle-shaped, cylin-
drical, or slightly-flattened elements with tapering extremities (Fig. 38).

Frg. 358 —Twao SsooTH MUSCLE-FIBERS FROM THE SM:&LL INTESTINE OF A FROG. X 3o, lsula.lcl.l in
5 per cent. potash-lve.  The nuclel have lost their characterisitic form through the action of the
ve, Techn., No. 26

They vary in length from 45 to 2235 p, in width from 4 to 7 p; in the
gravid uterus fibers measuring 0.5 mm. have been found. They are com-
posed of a homogeneous protoplasm * and an elongated, elliptical, or rod-

* The protoplasm of certain fibers, those, for example, of the ductus deferens, exhibits
longitudinal striation, which has led some authors to regard the smooth muscle-fiber as com-
posed of minute contractile fibrillae,  In fishes and amphibians muscle-fibers containing pigment
have been found in the iris. :













































































































126 HISTOLOGY,

THE LympH,

The lymph is a colorless fluid in which leucocytes (lymph-corpus-
cles) and granules are suspended. The latter are immeasurably small,
consist of fat, and are principally found in the lymph- (or chyle) vessels
(lacteals) of the intestine ; frequently they are present in enormous num-
bers and then they impart the white color to the chyle. In other
lymph-vessels the fatty granules occur sparingly,

THE SPLEEN.

The spleen is a ‘ blood-vessel gland” and consists of a con-
nective-tissue capsule and a soft red mass, composed of blood-
vessels and adenoid tissue, the spleen-
pulp.

The capsule is invested by a
reflection of the peritoneum, with
which it is firmly united, and is com-
posed of dense fibrous connective
tissue, smooth muscle-fibers, and a
network of elastic fibers. Numerous
cylindrical or band-like prolonga-

Trabecula

rft‘i'ilﬁi'é: tions, the #rabeculz, extend into the
interior of the organ, where they form

Pulp a framework in the spaces of which
lies the spleen-pulp. The trabecula

also contain smooth muscle - fibers.

Trabeculee, At the hilum of the spleen the capsule
furnishes special sheaths for the blood-

Artery vessels—adventitial sheaths— which

B blend with the externa and accompany
Fic. 68,—From A Cross-section o Humax  them for long distances. The sheaths
SprLEEN, showing well - developed sgh:tu- :
follicles, each pierced eccentrically by an  of the arteries are the seat of numer-
artery. ‘The right brauch of the artery has E
nmntiu;}mlsshculhuf adenoid tissue, X 1o ous IEUEDE}?tES, that in the form of a
Techn. No. 53.
continuous envelope accompany the

vessel in its entire course (as in the guinea-pig), or that, as in man,
the cat, etc., are confined to certain localities, where they form spherical
masses, from 0.2 to 0.7 mm. in size, the so-called spleen-follicles
(Malpighian corpuscles). Between these many intermediate forms
exist, as in the mouse and rabbit.

The spleen-follicles are usually situated in the forks of the smaller
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128 HISTOLOGY,
and numerous cellular elements, The latter are in part leucocytes, in

Wenous capilliur-
ies (intermedi- ; o
ate lacunm " of
othier authors).

—Trabeculs.

Arterinl capillar-
ies {continuing

; Transition of
into the venous ™.

ithe venous

capillarics). capillaries
into—
Yein.
Veln. -
Spleen-
s follicle.
Artery. -ﬂ"‘""! HE
i = Spleen-pulp.

FiG. 73, A—SECTION THROUGH AN INJECTED SPLEEN oF Cat, Techn. No. 57.

part slightly larger nucleated cells, also cells containing colored blood-
corpuscles and free colored blood-corpuscles. A granular pigment is
present, '

Trabecula.

Venous capillaries.

i
Arterial / I Transition of venous
capillaries. capillaries into—
WVein WVeir.

SEiERT gﬁﬂ%‘ -d"{ é % : - Spleen-follicle.

/7

./ 0 ¥ _. _ . Splenic pulp.

St
Artery,
Fig. 73, B.—ScursmaTic DRAWING OF SECTION - 73, A

The Blood-wvessels—The arteries of the spleen give off branches to the
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130 HISTOLOGY,

The arrangement of the elements of the externa cannot be satis-
factorily appreciated in cross-sections, often all appear to be circularly
disposed (a portion of them are circularly arranged—for example, those
of the innermost strata of the external elastic membrane), The exact
arrangement can only be seen in longitudinal sections, which also show
the muscle-fibers of the adventitia plainly.

No. 36.—FElastic fibers of the Blood-vessels.—Stain objects fixed in
absolute alcohol, according to No. 35, with orcein (No. 11, p. 40) and
preserve in damar-varnish (Fig. 50).

No. 37.—Small Bleod-vessels and Capillaries.—From the base of a
human brain slowly strip off pieces of the pia 1 to 3 cm. in length (in
this way .delicate blood-vessels that penetrate the brain vertically are
withdrawn), shake them in distilled water to free them from adherent
fragments of brain-tissue, and place them in 50 c.c. of Zenker's fluid
[:p. 31) for one hour ; transfer them for from one to three hours to water
(for one hour to running water), and harden them in about 40 c.c. of
oradually-strengthened alcohol (p. 33). Examine one of these pieces
in a watch-glass on a black background and it will be seen that small
vessels are isolated.

a. With fine scissors cut off small twigs with their ramifications,
stain them for from two to five minutes in Hansen's hematoxylin (p. 36)
and mount in damar (Fig. 54).

&. From the larger twigs of the cerebral blood-vessels cut pieces
about 5 mm. long, slit them open lengthwise, stain them in Hansen's
hematoxylin, and place them on a slide with the adventitia side down.
Mount in damar. By changing the focus the three coats of the vessels
and their general arrangement can be seen.

Capillaries may be found on examining fresh brain-tissue. They
are recognized by their parallel outlines and the oval nuclei of their
endothelial cells ; they are also found in other preparations, for example
in Techn. No. g.

No. 38.—Epithelium (Endothelium) of the Blood-vessels—Decapitate
a rabbit, open the abdomen by a crucial cut made with the scissors ;

insert a cork frame about 2 cm. square under the mesentery, span

the membrane smoothly and fasten it with quills or hedgehog spines,
taking care to touch it as little as possible. Cut it off all around the
frame and place the stretched membrane with the frame in 20 or 30 c.c.
of 1 per cent. silver solution. In about thirty seconds the solution be-
comes turbid and milky ; remove the frame, carefully wash the membrane
with distilled water, place the whole in a white capsule containing 100¢c.c.
of distilled water and expose it to direct sunlight. In a few minutes a
brown coloration appears. Now transfer the whole to 50 c.c. of 7o per
cent. alcohol (the membrane must be submerged in the alcohol) ; ina half-
hour cut out small pieces 5 or 10 mm. long and mount them in damar.
In the absence of sunlight, take the preparation from the silver solution,
wash it, place it for about twenty hours in about 30 c.c. of 7o per cent.
alcohol, then in alike quantity of go per cent. alcohol, and expose it to
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132 HISTOLOGY.
the tinged arca surrounding the bleached corpuscles is somewhat too
deeply shaded.

No. gqz2.—Fermancnt preparvations of coloved and colorless dlood-
corpuseles are made by Ehrlich’s dry method. The method accurately
carried out, after some practice, yields good results, but with unskilful
manipulation many caricatures arise and mislead the inexperienced. The
employment of this method for purposes of investigation and discovery
requires great skill and great caution in judgment.

Prelominary Manipulations,—For each preparation two #un cover-
glasses are required (they must not be over 0.1 mm. thick). Place them
for a few minutes in dilute hydrochloric acid, then in distilled water, and
finally in alcohol. It is best to take cover-glasses that have never been
used. Prepare a mixture of equal parts of absolute alcohol and ether
(about 5 c.c. of each). Cleanse the tip of the finger first with soap and
water, then with a tuft of clean cotton-wool moistened in the alcohol-
ether mixture. - With a clean needle (not previously used for anatomic
purposes) prick the pad of the finger that has been made slightly
hyperemic by compression ; take up a cover-glass with the forceps (not
with the fingers), press it lightly upon the blood that exudes and place it
on the second cover-glass, with one edge projecting slightly. The drop of
blood will spread out in a thin film between the two glasses, which are
then slipped apart by means of two forceps. By this manipulation the
influence of the insensible perspiration on the blood-corpuscles is pre-
vented, which otherwise would shrink or lose their hemoglobin.

Exposed to the air, the blood on the cover-glasses dries in a
few minutes ; they are then to be placed in the alcohol-ether mixture
for fixation. In from one-quarter to two hours they should be removed,
again dried in the air, when they are ready for further treatment, which
may be applied immediately or later, since the preparations thus ** fixed "
may be preserved for a long time.

a. Oxyphile (Eosinophile, «) Granules—Flace the cover-glass prepa-
rations for twenty-four hours in about 4 c.c. of distilled water, to which
about 10 drops of eosin solution have been added. Rinse one minute
in distilled water and stain from one to five minutes in a watch-glass
with Hansen's hematoxylin (p. 36). Transfer to distilled water; remove
in five minutes and let the preparations dry in air under a bell-glass.
Mount in damar. The colored blood-corpuscles and the oxyphile
granules of the colorless corpuscles are stained a bright red, the nuclei
are blue. The oxyphile granules occur in the leucocytes of normal
blood; of lymph, and of the tissues, but are uncommon in normal blood.
A magnification of 400 diameters is sufficient to find them.

b. Basophile Granules—Two groups are distinguished, the r-granules
and the d-granules. The y-gramules (mast-cell granules), which occur
only in the leucocytes of pathologic blood, are stained according to the
method given in No. 6. When the staining is completed, proceed as in 4.
The blue-violet granules are coarser than the—

d-granules, which occur in the round nucleated leucocytes of normal
and other blood. Stain the cover-glass preparations from five to ten
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alcohol.  Kill a frog, grasp it by its hind legs, dry its back somewhat
with a cloth, and with fine scissors make an incision 1 cm. long parallel
to and close beside the vertebral column. Introduce a capillary pipet
into the wound (with the tip directed forward) and suck the tip full, A
small drop is sufficient ; blow it on to the slide, cover it quickly, and
seal the edges with melted paraffin (p. 48). Such a preparation shows
colored and colorless blood-cells: at first the nuclei of the former are
indistinct.  The nuclei of living blood-corpuscles are in general not to
be seen. For the study of ameboid movement, select leucocytes the
protoplasm of which is partly granular and that are not spherical. The
movements are slow ; of this one may convince one's self by studying a
single leucocyte and making sketches of it at intervals of from one
to two minutes. Study with the high power (Fig. 4).

No. 47.—Bleod-crystals.—a. Hemin crystals are easily obtained,
Cut a small strip, about 3 mm. long, from a piece of linen previously
saturated with blood and dried and place it with a pinhead-sized crystal
of common salt on a clean slide ; add a large drop of glacial acetic acid
and with a glass-rod stir the linen and salt for about one minute, until
the acid acquires a brownish tinge. Then heat the slide over the flame
until the acetic acid is evaporated. Remove the linen and examine the
dry brown places on the slide with the high power (from 240 diameters
up). Occasionally the érowwn crystals may be seen without the cover-
glass and without a mounting medium, lying next to numerous frag-
ments of white salt-crystals (Fig. 64, 1). To preserve, add a large drop
of damar and apply a cover-glass. The hemin crystals differ greatly in
form and size. In the same slide well-developed crystals lying singly,
crosswise over one another, or in stellate groups are seen, with whet-
stone shapes and minute particles that scarcely exhibit crystallization.
The demonstration of the hemin crystals is of great importance in foren-
sic cases. While it is easy to obtain the crystals in large stains on wear-
ing apparel, it is difficult, when the stains are small, especially on rusty
iron, to prove that they are from blood. The instruments and reagents
employed in such investigations must be absolutely free from contami-
nation.

b. Hematotdin crystals are obtained by teasing old blood extravasa-
tions ; they can be recognized macroscopically by their reddish-brown
color—for example, in the corpus luteum, in cerebral hemorrhages.

¢. Hemoglobin crystals are obtained by transferring 5 c.c. of the
blood of a dog to a test-tube, adding a couple of drops of ether, and
shaking vigorously until the blood becomes lake-colored. Then spread
a drop on a slide and let the preparation dry in the cold. When crys-
tallization has occurred, add a drop of glycerol and apply a cover-glass.
The large crystals often exhibit a tendency to cleave lengthwise (Fig.

64, 4 a).

No. 48.—Lymph-vessels—For the study of the walls of the larger
lymph-vessels select the vessels opening into the inguinal glands, that







S

=

=

—

136 HISTOLOGY,

occupying the meshes become loosened by the treatment with picric acid
and are lost in the shaking.

No. 52.—Flements of the Spleen—Make an incision through a
fresh spleen ; with a scalpel obliquely applied scrape the cut surface and
examine a little of the red mass adhering to the blade in a drop of salt
solution. Use the high power. Often, especially in animals, only
colored and colorless blood-corpuscles are found : some of the latter con-
tain minute granules. In human spleens, in addition to the numerous
colored blood-corpuscles altered in form, endothelial cells of the blood-
vessels are found ; the latter were formerly called * spleen-fibers ' (Fig,
69, 2, 3). In many human spleens, multinucleated cells containing blood-
corpuscles are often sought in vain (Fig. 69, 4).

No. §3.—The Spleen.—Without cutting it, ““ fix " the entire spleen
in Miller's fluid, using one liter for a human, 200 to 300 c.c. for a cat's
spleen.  After two weeks for the cat's, five weeks for the human spleen,
wash for from one to two hours in, if possible, running water, cut out
pieces 2 em, square and harden them in 60 c.c. of gradually-strengthened
alcohol (p. 33). Sections not too thin are to be stained in Hansen’s
hematoxylin and mounted in damar. If it is desired to stain the trabec-
ulee, after the staining in hematoxylin is completed place the section for
one-half minute in eosin. In successful preparations the pulp and the
Malpighian bodies are blue, the trabeculs rosy, the vessels, distended

with blood-corpuscles, brown. If the staining in eosin is prolonged

beyond thirty seconds the blood-corpuscles become brick-red, the tra-
becula dark red, and the distinction between them is apt to be lost. The
sections are most satisfactory when examined with a very low power
(Fig. 68) ; with the high power the outlines are often indistinet., Fixa-
tion in Zenker's fluid is also recommended.

No. 53 a—Reticular Connective Tissue of the Spleen.—Shake a thin
section fixed and stained like No. 53 for about five minutes in a test-tube
half filled with distilled water. Mount in glycerol. The leucocytes are
difficult to dislodge ; the narrow-meshed network can only be seen at the
edges of the preparation (Fig. 70).

No. 54.—RKarvemitotic Figures in the Spleen and Lymph-glands.—
For this purpose small pieces (5 or 10 mm. long) of warm luing spleen
and lymph-glands should be fixed in chromic-acetic-osmic acid (p. 22),
and hardened in alecohol. Stain thin sections in safranin (p. 25). Mountin
damar. The karyomitotic figures of mammals are so small, that with
the usual magnification (560 diameters), they can only be found by the
practised microscopist. They are detected by their deep-red color

(Hig: 71, :
No. 535.—Blood-vessels of the spleen are incidentally obtained by
injecting the stomach and intestine (compare with No. 110).

No. §6.—Nerves of Spleen.—For this purpose the spleen of the
mouse is best suited, Halve it and apply Golgi's method for the demon-
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which divide dichotomously and form a wide-meshed network. These
channels contain the blood-vessels and are named kaversian canals. In
the long bones, in the ribs, in the clavicle, and in the inferior maxilla their
course is parallel to the long axis of the bone ; in short bones they run
mainly in one direction, for example, vertically in the vertebra ; in the
flat bones their course is parallel to the surface, not infrequently along
lines that radiate from a point, as in the tuberosity of the parietal bone.
The haversian canals open on the outer surface of the bone (Fig. 74, x),
as well as on the inner surface (Fig. 74, xx), directed toward the sub-
stantia spongiosa. !

Haversian canals,

Matrix.

Periosteum,

Fat-drops.

FiG. 74.—FROM A LONGITUDINAL SECTION oF A HuUMAN METACARrUS. ¥ 30. Fal-drops are seen
im the Haversian canals. At x Haversian cangls open on the ounter, and at xx on the inner surface
of the bone. Techn. No. 55.

The ground-substance of compact bone is arranged in lamellze, that
is, the osseous fibrillee are joined in bundles, and these placed side by
side form thin plates or lamellze. According to the disposition of these
plates three lamellar systems may be distinguished: an annular or
haversian system, which in cross-sections exhibit eight to fifteen lamelle
concentrically arranged around an haversian canal; these lamell® are
called faversian or special lamelle (Fig. 75). Between the haversian
lamellar systems, that come into contact only here and there, are irregu-
larly-disposed lamella, the interstitial lamelle ; these are connected with
the third lamellar system, the cireumyerenital lameliee, in which the osse-
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140 HISTOLOGY,

reticulum, a few fat-cells, larger and smaller marrow-cells, * and giant-cells
(myeloplaxes) (Fig. 76). In the larger marrow-cavities the connective
tissue forms a membrane, the endosteum, which lines the free surface,
The marrow-cells exhibit manifold forms resembling leucocytes : the
giant-cells are structural anomalies representing leucocytes enlarged and
altered in form ; they are huge, extremely irregular, uninucleated, or
multinucleated masses of protoplasm. The shape of the nucleus varies

Hematohlast. Eosinophilous-cell (granule-cell),

Marrow.cell (plasma-cell .

’ Marrow-
-— = cell{plasma-
cell).

.- Fat space,

Hematablast. Eosinophilous-cell (granule-cell),

Fic. 76.—5EcTiox oF BoNe-MARROW OF RARNT, SHOWING THE DELICATE CONKECTIVE-TISSUE
RETcoLusm CoNTAINING THE DIFFERENT ELEMENTS OF THE MARROW. 3 400. (Schaper).

greatly ; it may be round, lobulated, band- or hoop-shaped, or it may
fashion a network. A uninuclear giant-cell may become multinuclear
through the division of the nucleus by constriction, or a corresponding
part of the protoplasm may be set free with the nucleus and the result is

* The attempt has been made to classify the cells of bone-marrow according to their source,
cells with a slightly-developed cell-body (Fig. 77, 1) having been named *‘ lymphocytes,” those
with a well-developed cell-body (3, 4, 5) “ myelocytes.” The possibility that the lymphocytes
originate not only in the lymph-glands and related organs, but also in the bone-marrow, can not
ke excluded ; likewize, the occurrence of myelocytes in the spleen ‘and occasionally in the
lymph-glands is certain.  Further, if the fact that numerous intermediate forms exist is consid-
ered, the untenableness of this attempted classification is evident.
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the median strata are rounded * and are often collected in groups; in
the deepest strata the groups of cells are partly arranged in longitudinal
rows, vertical to the surface of the bone ; attached, but separated by a
narrow striated belt, is a small zone of calcified cartilage interposed be-
tween and connecting the hyaline cartilage and the osseous tissue (Fig.
79). Not all the articular cartilages exhibit the structure just described ;
the cartilages of the costo-vertebral, the sterno-clavicular, the acromio-
clavicular, and the maxillary articulations, and the head of the ulna are
not hyaline, but fibro-cartilage ; the distal articular surface of the radius
is covered with dense fibrous tissue.

The glenoid ligaments and the interarticular cartilages do not exhibit
the characteristic cartilage matrix ; they consist of a compact fibrous con-
nective tissue and of spherical cells. To the
same category belong the so-called sesamoid
cartilages. The tendinous sheath of the
cuboid, however, contains genuine cartilage.

In the adult, nerves and blood-vessels
are wanting in the articular cartilages, also in
the interarticular cartilages and the glenoid
ligaments.

The capsular figaments consist of an ex-
ternal fibrous layer (sératum fibrosum) varying
areatly in thickness, possessing a structure
like that of the licaments above described,
and of an intermal membrane, the stratum
synoviale, the free inner surface of which is

smooth and glossy; the outer layer of the
Fio. Bo—SvioviaL Vi wirn  latter is composed of loose elastic fibers and
Rmroren o fRoM A fanat  fibrillar connective tissue here and there con-

o b
thelinm has fallen !I"?um the apex iy ] . .
of the left villus, exposing Fioe taining fat-cells ; within this is a thin lamella

SeemE e St (e parallel connective-tissue bundles, in which,

toward the interior, there are small spherical

or stellate cells, 11 to 17 # in size, containing a large nucleus ; the latter are

sometimes few in number—at points subjected to more pressure—some-

times very abundant, and form an endothelial membrane three or four
strata thick.

The synovial membrane (sératum synoviale) often forms folds contain-

ing fat that project into the synovial cavity and bears on its free surface

# Recently, the cells of the articular cartilages have been described as having processes
which extend into the adjacent cartilaginous matrix. The cells of the deeper strata are said to
possess lobulated nuclei.













148 HISTOLOGY,

has made its appearance. This penetrates into the cartilage and causes
the breaking down of the calcified matrix ; the cartilage-cells are set
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Fic. 85.—FroMa LONGITUDINAL SECTION OF THE PHALANX OF THE FIRST FINGER OF A Four MoxTHS'
Huaax EMpeve. 3 220, Inthe endochondral bone irregular lacunge with bone-corpuscles are seeii.

Techn. No. 62.
i free and disintegrate.  In this way a little excavation has arisen in the
center of calcification ; it is called the primary marrew-cavity.
These processes are repeated in the immediately surrounding carti-
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situation is termed diploé. The osscous masses at first possess a coarse
fibered, later (from about the first year of life) a fine-fibered matrix,

.
Ersorerion orF Bone.

Immediately following the initial formation of osseous tissue, a
contrary process, resorption, becomes perceptible, by which the calcified
cartilage matrix and many parts of the primary and secondary bone
are removed. Resorption occurs most actively in the tubular bones in
the formation of the marrow-spaces, in a lesser degree in other bones,
and on the surface of bones until their typical form is completed.*

In the interior of the compact bone

Gk s g 14 Hpvaligada Ao, irregular excavations may be seen,

| the so-called haversian spaces,
formed by the absorption of the in-
Empty nermost haversian lamella, which,
however, may be partly filled again
by the deposition of new osseous
: substance.

PG eaoua ChosoncTionor pueliumerss  Wherever resorption of bone
SR, somtelhlng vy ;;'I"ﬁ""-'“'-““ and mar-  takes place, multinucleated giant-
cells may be seen lying in pit-like
depressions—Howship's lacune—which they have excavated in the bone.

In this situation the giant-cells bear the name of esteoclasts (Fig. 87).

Even in the fully-developed skeleton the processes of apposition
and resorption still occur at some places.

-TECHNIC.

No. 57.—Ground Sections of Dried Bone.—The bone must not be
dried before maceration, but must be placed fresh for several months in
water, which should be frequently changed. Then it is dried, and a
piece held between two pieces of cork or cloth is clamped in a vice and
with a compass-saw sections 1 or 2 mm. thick, transverse or longitudinal,
are cut. Secure a section with sealing-wax to the under surface of a
cork-stopper (the sealing-wax should also surround the section), dip the
whole for a moment in water and then file it, first with a coarse, then
with a fine file, until it is perfectly smooth ; the file must be frequently
dipped in water, in order to wash off the adherent particles of bone
and to prevent the heating of the sealing-wax by friction.

The section of bone should then be loosened by heating the sealing-

* For example, the femur of a three-year-old child contains scarcely any of the osseous
tissue of the femur of the newborn child.
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154 HISTOLOGY,

trabecula of the spongy bone may be seen. The bone lacunz: and bone
canaliculi are much less distinct in moist preparations than in dried ground
sections, because the contained air has been displaced by the mounting
medium, (Compare Fig. 34 with Fig. 35.)

Not infrequently the concentric lamellae of the haversian systems
are found to be interrupted by an irregular line. Up to this line the
osseous tissue previously formed has been again resorbed.  All that which
lies within the line is newly-deposited bone-substance. These formations
are, therefore, partially filled Haversian spaces (Fig. 75, 4).

FiG. 88.=[s0LATED ELEMENTS OF FRESH BONE-MARROW FROM THE VERTEERA OF A CALF, gho. 1. In
salt solution. 2. Stained with picrocarmine, 3. After treatment with acidulated glveerol. &, Marrow-
cells; £, two marrow=cells containing masses of pigment-granules, the cell on the right seen from the
side, the cell on the left (rom Lthe surface; & nonnucleated colored blood-corpuscles; », giant=cells ;

inthe one on the right the nucleus is dividing by constriction, and two of the future new nuclei are
seen from the side, another, x, from the surface.

No. 59.—Red PBone-marrow.—a. Compress the vertebra (cut in
half) or the rib of a calf in a vice or with tongs; with a pipet take up
a small drop of the liquid thus expressed, transfer it to a slide and, with-
out the addition of any other fluid, apply a small cover-glass or, better,
a fragment of a cover-glass. Examined with the high power red blood-
corpuscles, hematoblasts, marrow-cells of different sizes, and giant-cells
will be seen, but not always their nuclei (Fig. 88, 1). Add a drop of
picrocarmine (p. 48); the nuclei become red in from one to two minutes,
but are still pale (Fig. 88, 2). If the picrocarmine is displaced by salt
solution and then by dilute acidulated glycerol, the nuclei acquire a deep
color and sharp contours (Fig. 88, 3). Okccasionally giant-cells are
sought in vain. Human ribs are often usable.

#. To make permanent preparations, proceed as follows : With a thin
cover-glass take up a drop of the marrow expressed from a rib and make
two cover-glass preparations as directed in No. 39. 5Since the marrow
does not diffuse as readily as the blood between the two cover-glasses,
make slight pressure upon them before slipping them apart. They should
not be allowed to dry, but should be placed at once in a concentrated
aqueous solution of sublimate solution (5 gm. in 100 c.c. of distilled
water). At the end of ten minutes transfer the cover-glasses to 20 c.c.
of distilled water, which is to be changed in about five minutes. In ten
minutes place them in 5 c.c. of diluted eosin (p. 37, 3 &) for from one to
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158 HISTOLOGY.
the nerves, blood-vessels, and lymph-vessels. The endomysium con-
tains only capillaries and terminal branches of nerves,

The post-embryonal increase in the thickness of the muscles depends
less on the multiplication than on the growth in thickness of the already
existing muscle-fibers.

The tendons are characterized by the parallel course of their fibers, by
their firm union, and by the scarcity of elastic fibers. They are composed
of dense, fibrous connective-tissue bundles, the * tendon-bundles,” which
are held together by looser connective tissue and form the so-called
secondary bundles. FEach secondary bundle consists of a number of
parallel fibrillee running a perfectly straight course and united by a small

Processes of tendon-cells.
p—m,
Frimary bundles. | |

Loose connect- Connective
ive tissue, tissue,
Blood-
vessels
Tendon-
Entumned e,

Tendon=-cell.

Fic. goi—A, Frosm A Cross-SECTION oF DRIEp TeExporx of ApuLt Maw. 3 g0 Techn. No.fy.
B. From a cross-section of tendon fixed with chromic acid of adult man. Techn. No. 65,

amount of cement-substance in so-called primary bundles. Between the
primary bundles lie the cellular elements of the tendon, fusiform, stellate,
quadrate, or flat cells, arranged in longitudinal rows, which, curved like
concave tiles, partially clasp the primary bundles and unite with one
another by means of processes. Elastic fibers are found chiefly in the
loose connective tissue ; in the dense tendon-bundles they are very scarce
and occur in the form of a fine, wide-meshed network.

The union of the muscles with tendons and fibrous membranes
(periosteum, fascia) is effected by an extension of the endomysium of the
muscle-fiber into these structures and the blending of the tissues; the
sarcolemma takes no part in this but, closely investing the muscle-
fiber, terminates as a closed sheath with pointed or obliquely blunted ends.
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160 HISTOLOGY.

the tendon-bundles ; the tendon-sheaths and the burse have a rich vas-
cular supply. Lympl-vessels are found only on the surface of the tendons,

The medullated #erves of tendons terminate in part in a close plexus
of gray nerve-fibers and in part pass into spindle-shaped expansions of
the tendon, the so-called tendon-spindics, where thev end in structures
resembling, but more richly branched than, the motorial end-plates.
End-bulbs and Pacinian corpuscles are found in tendons, fasciz, and
tendon-sheaths. )

TECHNIC.

No. 63.—Bundles of Striped Musele.—Select a muscle in which the
Abers have a parallel disposition (for example, the adductor of the rab-
bit) and with a sharp razor make a deep incision transverse to the course
of the fibers and 2 or 3 cm. below a second incision ; connect these by
longitudinal incisions and, without traction, carefully remove the piece
thus mapped out. For fixation place it in 100 cc. of 0.1 per cent.
chromic acid (p. 31). After two weeks wash it in running water and
harden in 50 c.c. of gradually-strengthened alcohol (p. 33). Cut cross-
sections and examine them unstained in diluted glycerol (Fig. 8g). The
muscle-fibers vary greatly in thickness ; the smallest are sections through
the ends of the fibers. Although the muscle-fibers are cylindrical and
should therefore in section appear circular, they have an irregularly
polygonal outline due to mutual pressure. The color of the sections is
very different, some are quite dark, others quite clear. The cause of this
phenomenon is unknown to me. The endomysium is best seen with the
high power (240 diameters).

No. 64.— Tendons.—Cut from a tendon a piece 5 or 10 cm. long,
and let it dry in the air (but not in the sun). Thin tendons (e. g, that
of the flexor digitorum pedis) at room-temperature are sufficiently dry
in twenty-four hours. Thicker tendons require several days. With the
scalpel (not the razor) cut a smooth transverse surface and then cut thin
shavings from the tendon, supporting it on the thumb of the right hand and
with the remaining fingers grasping the scalpel (the manipulation is the
same as in sharpening a pencil). Throw the shavings into a capsule con-
taining distilled water and in two minutes examine in a drop of the
same medium (Fig. 9o, A). To preserve, stain in 3 c.c. of picrocarmine
for five minutes and mount in dilute glycerol. Very frequently a streak
may be seen extending across the entire section ; this is produced by
the knife.

Place another section, unstained, in a drop of water on a slide;
treat it under the cover-glass with a drop of acetic acid ; the edge of the
section soon exhibits swollen convoluted bands (acetic-acid reaction of
connective tissue).

No. 65.—For the study of the minute structure of tendon, tts cells
and leir processes, place a thin tendon, as fresh as possible (that of the







e —

e v

o . T i il

.

e — g S T i

V. THE ORGANS OF THE NERVOUS SYSTEM.

I. THE CENTRAL NERVOUS SYSTEM.*

THE SPINAL CORID,

Topograp/y—The spinal cord consists of a white and a gray sub-
stance, that are distinguishable by the unaided eye, The arrangement
and the relation of these substances are best recognized in cross-sections
of the spinal cord.

The w/ite substance encircles the gray substance, and is partially
divided by a deep anterior cleft, the anferior median fissure, and a poste-
rior septum (formerly called the posterior median fissure) into a right and
a left half. Each half is subdivided by the furrows marking the exit of
the anterior and the posterior roots of the spinal nervesinto a large lateral
coltmn, an anterior column, and a posterior colwmn.  Inthe lower cervical
and the upper thoracic regions two divisions may be distinguished in the
posterior column, of which the median portion is named the column of
Goll (funiculus gracilis) and the lateral portion the eolwmn of Burdach
(funiculus cuneatus). The anterior columns are united by the zw/kite com-
mezssure at the bottom of the anterior median fissure.

Thé gray substance in cross-section appears in the form of an H
and in its entirety consists of two lateral columns, which are connected
by a horizontal lamella, the gray commissure. On each column thick
anterior cornwa and slender posterior cornwae may be distinguished.
Adjoining the lateral portions of the anterior horns, in the same frontal
plane with the central canal, are the lateral cornwa, which are especially
well developed in the upper thoracic region. From the front boundary
of the anterior cornua the anterior roots of the spinal nerves emerge in
several bundles, while the posterior roots enter at the postero-median side

# 1 shall confine myself here to a brief account of the topography and histology of the
spinal cord and the brain. An exhaustive presentation of the architecture of the central nervous
system, the paths of the nerve-fibers, and the complicated origins of the cranial nerves in thlr:
“puclei” of the oblongata would exceed the limits of this © Histology." The student is
referred to special text-books, of which Edinger's “ Vorlesungen iiber den Bau der nervisen
Centralorgane ' is recommended.
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164 HISTOLOGY.

maore powerfully developed than in the thoracic region ; there is a corre-
sponding variation in the form of the H. The end of the conus medullaris
consists almost wholly of gray substance.

Minute Structure—The gray substance will be first considered, a
knowledge of its composition being essential to the comprehension of
the structure of the white substance. The gray substance consists of
multipolar nerve (ganglion)-cells, that with their dendrites and nerve-
processes form a dense nervous tangle, the ‘“nerve-felt " (neuropilem),
This felt is penetrated by nerve-fibers, partly proceeding from the white
columns, partly from the posterior roots; the whole is supported by
a framework of newrogiia.

We have to consider first the nerve-cells, then the nerve-fibers ; the
neuroglia, which also occurs in the white substance, will be described at
the conclusion of the entire recital.

The nerve-cells, in accordance with the relations and distribution of
their nerve-process, are divided into (1) motor cells, (2) column-cells, and
(3) internal cells.*

The motor nerve-cells (rhizonenrons) lie in two groups T in the ante-
rior horn. They possess a large cell-body (67 to 135 #) and long den-
drites, extending far into the surrounding substance ; the nerve-process
emerges from the summit of the anterior cornu, makes an oblique descent
through the white substance, at the same time receives a medullary
sheath and becomes the axis-cylinder of a medullated nerve-fiber.
Occasionally the axis-cylinder process gives off a few insignificant lateral

*® Fditer's remark > A classification and nomenclature based upen the behavior and dis-
tribution of the axis-cylinder have recently been suggested in America, that, in many respects,
appenr to me to be appropriate and natural, and have been widely accepted.  According to this
two chief groups are distinguished, namely : I, axonenrons, and, 11, panglioneurens.

1. The axoneurons embrace all those neurons the cell-body (nerve-cell) of which lies i
the fnterior of the spinal cord or the bratn. Corresponding to the different behavior of the nerve-
process, they are further divided into two subordinate groups, namely :

(@) Riizonenrons, the nerve-process of which leaves the spinal cord through the anferior
roof (they comprise the motor nerve-cells), and—

P (&) Endaxoneurens, the nerve-process of which does nof leave the spinal cord.  Among
these we may distinguish (1) those the nerve-process of which enters the different columns of
the white substance (colwmi-celfs), and (2) those the nerve-process of which within the gray
substance rapidly breaks up into its terminal ramifications (fnternal cells).

I1. The ganglioneurons represent those neurons the cell-body of which lies within the
spinal ganglia or the cerebral ganglia and that stand in connection with the central nervous sys-
tem only by means of their central process.

+ An antero-median and postero-lateral group, separate in the cervical and lumbar enlarge-
ments, but in the uppermost cervical and in the thoracic regions united in a single cluster (Fig. 03).
In longitudinal sections it may be seen (conspicuously in amphibians) that the cell groups, gov-
erned by the origin of the single roots, have a correspondingly typical segmental arrangement.
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substance, but each first divides Y-shape into an ascending and descend-
ing stem-fiber (Fig. 97), from which numerous collateral fibers diverge at
right angles. These now enter the gray substance * and with their tufts
of terminal fibrils distribute themselves over nearly every point of the
same. One set terminates principally in the summit of the posterior
horn ; these take their origin in the lateral root-fiber group and form a
very fine-fibered dense plexus, that also partly lies in the substantia gela-
tinosa (Fig. g8, ¢); a second set terminates in the dorsal nucleus (Fig.
98, a); T these originate in the median root-fiber group, as also a third
set, which penetrating the middle of the substantia gelatinosa passes ven-
tralward into the anterior horn and there radiating fan-shape surrounds
the motor nerve-cells (Fig. g8, #); these latter very robust collateral
fibers (“reflex collaterals ) arise
from the portion of the stem-fibers
close to the point of bifurcation and
form the reflex bundle.i Finally, a
fourth, smaller set of collateral fibers
passes through the posterior gray
commissure to the posterior horn of
the opposite side. The stem-fibers,
probably only after a long course,
sometimes extending into the oblon-
gata, turn into the gray substance,
where they terminate like the col-

FIG. g7.—FROM A LONGITUDINAL SECTION OF laterals.

THE SPiNaL Corp oF A MEwroRE RaT. % e L
110,  The section shows two posterior nerves= The pECll]lil['ltlE.‘S of the sub

:';[E:;Ea.“. gﬁf?ﬁllaleml fibers are not visible, stantia grisea l:E“_I'ItI'.ElliE ﬂﬂd substantia,

gelatinosa, which belong to the gray.

substance, are dependent upon the abundance of neuroglia and will be
described with this.

The white substance consists only of medullated nerve-fibers, that

do not possess a neurilemma. The fibers differ greatly in thickness ; the

thickest are found in the anterior columns and in the lateral parts of the

Nerve-fibers of
posterior rool.

* An exception occurs in the case of some fiber-bundles which directly enter into the
gelatinous subsance and partly in this or ventral thereto (in the territory of the posterior horn)
divide into ascending and descending stem-fikers.

+ Here the medullary sheaths extend farther than elsewhere,—that is, to the last terminal
ramification,

t The reflex bundle and the collateral fibers of Clarke’s column sink into the gray
substance in a curve with the concavity lateralward and form a considerable mass easily per-
eeived. The place at which they enter the gray substance has been named *“ root-entrance zone.™
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this mesenchymal framework steadily grows thinner as it approaches the
gray substance, into which it does not extend ; 2, the neuregita (* nerve-
cement '), which is derived from the same embryonic anlage as the cen-
tral nervous system. The neuroglia principally consists of nucleated
elements, the glia-cells, and, possibly, of a small amount of hemogencous
ground-substance. There are two kinds of glia-cells, ependymal cells
and astrocytes, The ependymal cells in a single layer line the lumen
of the central canal. In youth they are beset with cilia, their cylin-
drical bodies are prolonged in an extended process that in the embryo
reaches to the surface of the spinal cord, where it terminates in a simple

From the substantia gelatinosa of a newborn rat.
Glia-cell,

Central canal, —-..

Gliacell of )
-, e white mat=
Ependymal cells, ter.
From a
| six-
week-
old cat.
e S Chief
process. |

Concentrically-arranged glia-cells Glin-cell of gray matter of the base of the
from a six=week=-old cat. posterior hori of a human embryo.

FIG. 99.—GLIA-CELLS FROM THE SPIMAL Corp. < 280. Techn. Nao, jo.

or branched end (Fig. 9g). The cells of the ependyma are phylogeneti-
cally the older; they arise also ontogenetically first, but in the further
course of development undergo regression in different degrees ; the long
processes in particular are involved, which retain their original length, to
the surface of the spinal cord, only in the region of the posterior median
septum™* and opposite, to the base of the anterior median fissure. In the
course of development one division of the ependymal cells wanders per-
ipheryward and becomes transformed into astrocytes. Not infrequently

# The posterior median septum consists for the greater part of processes of ependymal cells.
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172 HISTOLOGY.

minalis, of a plexus of delicate nerve-fibrils, and of nerve-fibers (collat-
erals) passing through; there is besides a granular substance present
which has arisen by a transformation of numerous and very delicate
processes of the astrocytes occurring there,

THE BRAIN.

The brain, like the spinal cord, is composed of a white and a gray
substance, which in their minute structure agree on the whole with the same
substances in the cord. But the arrangement of the two substances in
the brain is a much more diversified one than in the spinal cord.

The gray substance of the brain occurs in four aggregations :

(@) As the cerebral cortex, an expansion covering the entire surface
of the cerebral hemispheres.

(#) In the form of discrete masses, which are situated in the cerebral
ganglia,—the corpora striata, the aptic thalami, the corpora quadrigemina.

(¢) As the lning of the wentricles, which is the direct continuation
of the gray substance of the spinal cord.

(d) Asthe cerebellar cortex,an expansion covering the surface of the
cerebellum. Discrete*masses also occur in the interior of the cerebellum.

All these aggregations have numerous connections with one
another by means of fiber-tracts.

THE CEREBRAL CORTEX.

In vertical sections of the cerebral cortex four zones, not sharply
defined from one another, may be distinguished. g

1. The molecular some (neuroglia layer), the most superficial, in
ordinary preparations appears finely granular or reticulated and contains,
besides many glia-cells, an interlacement of medullated nerve-fibers run-
ning horizontally, the tangential fibers (Fig. 101). By means of Golgi's
method, it may be seen that the reticulum is partly formed by the den-
drites of the pyramidal cells of the second and third zones and partly
by the processes of glia-cells. Besides the latter, the celis of Cajal occur
in the molecular zone ; they possess an irregularly-shaped cell-body that
sends out very long processes running parallel to the surface, from one
portion of which, vertically to the surface, ascending lateral twigs arise,
while one or more processes penetrate into the depths of the cortex*
(Fig. 102, 1).

* In animals four and even more “* nerve-processes ** of Cajal's cells have been described ;
in man the demonstration of nerve-processes has not yet been accomplished. The nervous
nature of Cajal’s cells is not definitely established ; I am strongly inclined to regard them as
glia-cells.
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2. The zone of the small pyramidal cells (Fig. 101, 102) is charac-
terized by ganglion-cells from 10 to 12 g in size and of a pyramidal form :
the apex of the pyramidal cell is prolonged into a long ramifying proto-
plasmic process (dendrites),™ that after giving off minute lateral twigs
enters the molecular zone, where it terminates in numerous, often serru-
late, branches (Fig. 102, 2); smaller dendrites spring from the lateral
surfaces and from the inferior surface of the cell. The nerve-process
always arises from the base and after giving off branched collateral
fibers, as a rule, passes toward the white substance, there to become
the axis-cylinder of one or, by division, of two nerve-fibers ; occasionally,
however, it turns and runs to the molecular layer, where it divides and

enters the web formed by the tangential fibers
(Fig. 102, 2'). The nerve-processes and the
collateral fibers are enveloped in a medullated
sheath,

3. The sone of the large pyramidal cells is
distinguished from the preceding zone by the
greater size of its elements (from 20 to 30 p), the

. extremely robust nerve-process, after giving off
in the gray substance several collaterals always
goes to the white substance (Fig. 102, 3).

4. In the sone of the polymorphons nerve-
cells the majority of the elements are oval or
polygonal ; an apical dendrite is wanting, the

Nq:rw-i:.r-:rwna. delicate nerve-process, after sending off a num-
Fic. 13—Pveamioar Cere  ber of collaterals, enters the white substance,

FROM A PERFENDICULAR SEC-

Tiox or T CerkeraL Cor-  where it passes into one or, dividing into
TEX OF ADULT Max, = 120,

Fheterminal branches of the  T-branches, into two nerve-fibers (Fig. 102, 4).
i;::f“-}‘fé{,,[f“—;.}';f;‘;&['“‘ M In the last three zones ganglion-cells of the
second type also are found. Their branched
nerve-process sometimes is confined to the gray matter in the vicinity of
the cell, sometimes extends to the molecular zone, where richly branched
it terminates (Fig. 102, 5, 57).
The last two zones contain numerous medullated nerve-fibers.
They are partly arranged in thick * radiating "' bundles, which resolve
into single fibers near the zone of the small pyramidal cells (Fig. 101).

These bundles are formed by the descending medullated nerve-processes

% For this reason it is difficult to determine the size of the pyramidal cells; the consid-
erable differences in the estimated size may be referred to this gradual passage of the cell-body
into the apical process.
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former extend to the free surface. Of the latter two varieties are dis-
tinguished. The one variety are characterized by their small cell-body
and long, rigid, little-branched processes, of which the most delicate rest
like a short turf on the cell-body ; they are called spider-cells, and chiefly
occur in the white substance. The other variety, the mossy-celis, have
short, gnarled, richly-branched processes and are mainly found in the
gray substance, where they are in intimate relation with the blood-
vessels, to the walls of which they are often attached by one thicker
process (Fig. 104). On the surface of the cerebral cortex there is a glia-
zone formed by the ends of the thitherward extending processes of the
glia-cells.
THE CEREBRAL GANGLIA,

The gray substance of the cerebral or basal ganglia consists of
ganglion-cells varying in size, medullated nerve-fibers, and neuroglia.
The macroscopic variations in color depend on the different proportions
in which the ganglion-cells and nerve-fibers are mingled : wealth of gan-
glion-cells is rendered perceptible by a dark red-brown color, profusion
of nerve-fibers by a pale yellow-gray color.

Tue GrAY SUBSTANCE OF THE VENTRICLES.

The gray substance of the ventricles extends from the floor of the
fourth ventricle through the aqueduct of Sylvius into the third ventricle,
to the tuber cinereum and the infundibulum. It is of especial interest as
the place of origin of the cranial nerves. It is composed of neuroglia,
nerve-fibers, and ganglion-cells ; the majority of the latter are multipolar
and in certain localities are distinguished by their size (in the nucleus of
the hypoglossal nerve), or by their peculiar form (the spherical ganglion-
cells in the upper pair of the corpora quadrigemina).

An extension of the neuroglia and ependyma lining the central
canal of the spinal cord lines the floor of the fourth ventricle, the aque-
duct of Sylvius (aquaductus cerebri), the inner surface of the third and
the lateral ventricles ; it is composed of similar elements. The columnar
or cubical cells of the ependyma of the ventricles in the newborn, and in
part also in the adult, possess cilia.

Tue CeEREBELLAR CORTEX.

The cerebellar cortex consists of three well-defined strata of gray
substance, of which the outer and the inner are macroscopically, the
middle, on the contrary, only microscopically perceptible : they are from
within outward, the granule layer, the ganglionic layer, and the molecular

layer.
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170 HISTOLOGY,

and 109, 1). The small granule-cells form the chief mass of the cellular
elements of the granule-layer. Less numerous are the large granile-
cells, multipolar ganglion-cells more than twice the size of the smaller
clements, the ramifying dendrites of which extend into the outermost
gray layer, the nerve-process of which, running in the opposite direction,
rapidly divides and terminates in a rich ramification penetrating the
entire granule-layer (Fig. 107 and 10g, 2).

A dense plexus of medullated nerve-fibers occurs in the granule-

Dendrites,

Cell-body,

\.& ...... Axig-cylinder process,

Fie, rof—MNeErvE-cELL (CELL oF PURKINJE) FROM A SECTION THROUGH THE HUMAN CEREBELLAR
CORTEX. % 185, Techn. No. 74.

layer (Fig. 10g, 3); the greater part of the fibers come from the white
substance of the cerebellum and at the boundary between the granule
and the ganglionic layer form a horizontal bundle (3) running transverse
to the longitudinal axis of the convolution, from which fibers ascend into
the molecular layer (3’). A small portion of this plexus is formed by
the medullated nerve-processes of the cells of Purkinje.

The middie ganglionic stratum of the cerebellar cortex consists of a
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cerebellum, apart from the elements of the supporting framework (con-
nective tissue and neuroglia), consists throughout of medullated nerve-
fibers without a neurilemma and varying in thickness from 2, 5 to 7
The fypophysis cerebri (pituitary body) is composed of two genetic-
ally different parts: (1) a posterior small lobe that belongs to the brain
and is a continuation of the infundibulum ; it contains delicate, much-
branched nerve-fibers, that form a very compact plexus, and connective
tissue, many blood-vessels, and cells that closely resemble bipolar or
multipolar ganglion-cells, but the nature of which is still uncertain ; (2)
an anterior larger lobe derived from a diverticulum of the embryonal oral
cavity ; it contains gland follicles embedded in loose vascular connective
tissue, the majority of which are solid and filled with clear or granular

Solid gland-
/ tubnle.

—  Hollow gland-
3 tubile,

Anterior lobe. |

Blood-vessel con-
taining blood-
corpuscles,

— " Colloid " sub-
- slance,
Multipolar cell.
Posterior lobe. .
TR 5 = »
e Conneclive-tissue
- - fibers.

FiG, 1153.—ForTION OF A HORIZONTAL SECTION OF A Husman Prruimary Bopy, showing the boundary-
line between the anterior and posterior lobe.  Two gland-tubules on the leit contain each a granular

epithelinl-cell, » 220, Techn. No. 75.

cubical epithelial-cells (Fig. 113). Only a few of the follicles toward the
border of the smaller lobe are hollow and occasionally contain a mass
resembling the colloid substance of the thyroid body.

The pineal body (epiphysis, corpus pineale) is derived from a fold of
the wall of the primitive brain-vesicle and consists of epithelial-cells, some
of which have delicate processes, and of a connective-tissue envelope
from which septa extend into the interior of the organ. Almost
invariably “brain-sand " (acerowdus cerebri) is found in the epiphysis,
rounded concretions from § zto 1 mm. in size, with an uneven, mulberry-
like surface (Fig. 114). They are composed of an organic basis and
calcium carbonate and magnesium phosphate.

Not infrequently (especially in advanced life) there occur in the
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simple layer of epithelium (endothelium), and is not closely attached to the
dura. The inner layer (the * pia ") closely invests the surface of the brain
and the spinal cord and sends vascular processes into their substance.
The arachnoid and the pia are joined together by numerous lamella and
trabecula extending from the inner surface of the former to the outer
surface of the latter, Hernia-like evaginations occur on the outer surface
of the arachnoid in certain localities, in particular near the superior longi-
tudinal sinus, which pushing the attenuated dura before them project
into the venous sinus. These are the so-called arachnoidal granidations
(Facchion), which were long regarded as pathologic, The pia is com-
posed of delicate connective-tissue bundles and plate-like cells, which
cover the inner surface of the arachnoid and the lamellze and trabeculz.

Blood-vessels, x Epitleliwm.

;]
Fig, n6.—PorTIoON oF THE PLEXUS CHORDIDEUS OF ApuLT Max. % Bo. ., Blood-vessel in optical
cross-section. The dots in the epithelium are not nuclei, but pigment and fat=granules, Techn.

No. 78 &

The tele choroidece and plexus choroidei consist of connective tissue
and numerous blood-vessels, the fine ramifications of which are united
into lobules that are suspended within the ventricles. They are covered
by a simple layer of cubical epithelial-cells, ciliated in the newborn, which
enclose pigment-granules or oil-globules.

THE VESSELS 0oF THE CENTRAL NERVOUS SYSTEM.

The blood-vessels of the central nervous system form a narrow-
meshed capillary network in the gray, a wide-meshed network in the
white substance, which are everywhere connected with each other. The
capillaries of the cerebral cortex open into veins that do not take their
origin in the cortex, but beneath in the white substance and from there
traverse the cortex and go to the veins lying in the pia. Therefore the
blood in the capillaries must traverse the entire cortex before it empties
into the veins. All the blood-vessels possess a second so-called adven-
titial sheath, which often consists of only a simple stratum of endothelial
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interior of the secondary nerve-fiber bundles ; they constitute the endo-
newrium.  Finally, delicate lamelle from the endoneurium, the fiber
sheaths, corresponding to the perimysium of the single muscle-fiber,
surround each individual nerve-fiber. These sheaths are in direct con-

: : 7 Rl
Fat-cells. —-—-ﬂm e S g
e e L g "
e o et e i)
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Artery in transverse .

seclion. Perineurinm.
Cross-gection aof bun- \; e ;
dles of nerve-fibers, 'y gt |1 .r \x\‘ Endoneurium,

Fi1G. 117.—FoORTION OF CROSS-SECTION OF HUMAN MEDIAN NERVE, * 20. Techn, No. 7o.

nection with processes of the dura and the pia. Perineurium and
endoneurium are composed of bundles of fibro-elastic tissue and of a
number of concentric lamellz ; each lamella is formed by a simple layer
of flattened connective-tissue cells, the outlines of which can be demon-

Perinet-
TIRLTEL.
Blood-vessel
containing

blood-car=
puscles. Endo-
U,
Axis-cylinder.
Medullary : - Fibrillar sheatl,
sheath,

Fie. 118 —PorTIoN oF CrRoss-sEcTioN oF Husman MeEDiay Nerve. 3 220, Techn. No. 7o

strated by silver staining. The fiber-sheaths, in addition to delicate
connective-tissue bundles, also consist of plate-like cells, The nerve-
fiber bundle not infrequently divides; a variable number of nerve-fibers
branch off from one funiculus to join another funiculus, the result of
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The process of the adult cell receives a medullary sheath and a
neurilemma very near to its exit from the cell, and after a short course
invariably divides at a node of Ranvierinto two T- or Y-branches. One
branch, the cellulipetal, passes as the axis-eylinder of a SENSOry nerve-
fiber to the periphery of the body ; the other, the cellulifugal, usually
the smaller branch, enters the spinal cord as a constituent of a posterior
nerve-root and terminates in free branches in the gray substance, Thus
each spinal ganglion-cell, by its undivided process, is in a measure inter-
calated in the course of a sensory nerve-fiber, The cells of the spinal
ganglia are large, round, often pigmented, their vesicular nucleus con-
tains a conspicuous nucleolus. Each cell is enveloped in a nucleated

Nerve-cells.

bundle,

Merve-fiber bundle. Connective Lissue,

Fig, 11— LONGITUDISAL SECTION OF THE SPISAL GasGLion oF 4 CaLF. ¥ 20, (Schaper.)
Techn. No. So.

capsule (Fig. 120) which consists of concentric strata of flattened con-
nective-tissue cells and is prolonged on to the process of the cell as the
Jiber-sheath.®*  Gray nerve-fibers from the sympathetic ganglia occur in
the spinal ganglia, which branch and form a plexus within the connective-
tissue capsule of the spinal ganglion-cells. _

Other ganglia possessing the same structure as the spinal ganglia
are: The Gasserian, the jugular ganglia, the plexus nodosus of the

* Whether any nerve-fibers pass through the spinal ganglia that do not enter into relation
with the ganglion-cells is uncertain. In young embryo chicks such fibers hiave been seen coming
from the cells of the anterior horns, but they have not been found in mammals.

MNerve-fiber

Fat.
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the neighboring nerve-cells through to the periphery of the ganglion,
where they form a *“ universal * peripheral plexus ;" other dendrites even
extend into the neighboring ganglia, where they terminate in like manner.
Their nerve-process passes directly into a delicate nerve-fiber, that either
becomes medullated in varying length or remains non-medullated, These
fibers are for the greater part motor and terminate—often after running
an extended course—on smooth muscle-fibers (p. 196) ; one portion ter-
minates in free endings in the mucous membrane ; the terminal ramifica-
tions of another portion surround the nerve-cells. The dense terminal
ramifications of the medullated nerve-fibers coming from the motor spinal
nerves form plexuses which in part lie between the nerve-cells and in part
pierce their connective-tissue capsules and surround the cells themselves.

To the sympathetic ganglia belong the ganglion ciliaire, sphenopal-
atinum, oticum, and submaxillaire.

THE PERIFPHERAL NERVE-ENDINGS.

TERMINATIONS OF SENSORY NERVES,

The peripheral terminal branches of the sensory nerves either are
distributed naked, as free endings, or they are enclosed by epithelial or
connective-tissue cells with which they form special endings (terminal
corpuscles, end-organs).

The free nerve-endings occur in such a manner that the nerve-fiber
loses its medullated sheath, divides repeatedly and forms a plexus of
primitive fibrils that terminate in pointed or club-shaped ends. These
endings chiefly occur in stratified epithelium. They have been demon-
strated with certainty in the cornea, in the oral mucous membrane (see
The Taste-buds), and in the deeper strata of the epidermis. In the latter
cells provided with long, branched processes, the cells of Langerhans,
occur ; these were formerly regarded as migrated wandering cells from
the corium and it is possible that a few of them may have such an origin ;
but the majority are derived from ordinary epithelial-cells ; all the tran-
sitional forms, from the typical epithelial-cells to the stellate bodies in
question, may be found.

Sensory nerves have been found also in the muscles. The nerve-
fibers lose their medullated sheath and invested only by the nerve-nuclei

# The expression** universal ”’ is used in contradistinction to the statement of R. y Cajal,
according to which each individual nerve-cell is surrounded by o basket formed of dendrites.

1 The nerve-endings of the mewro-epithelial cells are described in the chapters on the
special-sense organs.
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which occur in the deepest strata of the epidermis and the outer root-
sheath of the hairs or in the adjacent portions of the corium, The tac-
tile cells rest on the factile meniscus, a crescentic expansion of a non-
medullated nerve-fiber.

The compound tactile cells (Grandry's and Merkel's corpuscles) con-
sist of two or more somewhat flattened cells, each larger than a simple
tactile cell (15 2 deep and 50 g wide) that contain a vesicular nucleus.
A medullated nerve-fiber approaches the compound tactile cells (Fig.
t24) and the forks of the divided axis-cylinder clasp a flat disc, the

FiG. 124.—FROM VERTICAL SECTIONS OF THE SKIN OF THE BEAK OF A GoosE, ¥ 2q0. . Com-
pound tactile cell (simple tactile corpuscle), cul parallel to the course of the entering nerve-fiber :
n, medullated nerve-fiber only partially met by the section ; @, axis-cylinder: its division is here, in
profile, invisible; fs, tnctile “dises” eut vertically : &, connective-tigsue sheath ; {z, tactile cells,
&, Two compound tactile cells eut transversely o the plane of the entering nerve-fiber: 1. ** Simple
tactile corpuscle,” consisting of four tactile cells; 2, fwin tactile cells: s, tactile discs: a. axis-
c lil:gﬂera in transverse section, before dividing ; », medullated nerve-fibers; ¢, corium. Techn,
0. 83.

tactile disc (¢5), that lies between two flattened cells (#5). The nerve-fiber
loses its medullated sheath at the point of entrance and the neurilemma
becomes fused with the connective tissue of the capsule (%) enveloping
the tactile cells. The compound forms consisting of two tactile cells
are named twin tactile cells (7 2), those containing three or four tactile
cells, “simple tactile corpuscles.”” The compound tactile cells have
only been found in the epidermis of the beak and in the tongue of birds,
especially in web-footed birds; they are almost exclusively situated in
the uppermost strata of the corium.

Exp-puLps.

The end-bulbs are spherical or oval bodies in the interior of which
nerve-fibers terminate, sometimes in a simple, sometimes in a branched
ending. There are various forms of end bulbs.

The so-called cylindrical end-bulbs, the simplest form, chiefly consist
of a modified extension of the entering nerve-fiber and comprise three
parts,—the axis-cylinder, the funer buib, and the capsule. The capsule is
composed of flattened connective-tissue cells, the continuation of the
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fiber-sheath. The inner bulb is a finely-granular mass which exhibits
concentric stratification and a few nuclei at the periphery. The nerve-
fiber loses its medullary sheath on entering the inner bulb, in which the
axis-cylinder ascends as a flat band and terminates at the upper pole in
a free or club-shaped ending. The cylindrical end-bulbs are found in the
tunica propria of mucous membranes; for example, in the scleral con-
junctiva of mammals and in the oral mucous membrane.

The lamellar corpuscles (Vater, Pacini) are transparent, elliptical
structures, from 2 to 3 mm. long and 1 to 2z mm. thick, and, like the
cylindrical end-bulbs, consist of a capsule, an inner bulb, and an axis-
cylinder. The latter possess the same structure as in the end-bulbs *

= Axig-cylinder.
Inner bulb,
Capsules,

Merve-fiber.

Artery,
Medullated

nerve-fiber. Fat-cells.

F1G., 125.—CvLINDRICAL END-BULBFROM THE ConN- Fi1c. 126 —5maLL LAMELLAR CORPUSCLE FROM THE
JUNCTIVA OF A CALF. ¥ 240, Techn. No. 84. MESEXNTERY OF A CAT, = 50, The cellslining the
capsules may be recognized by their prominent
nuclei. The medulla of the nerve-fiber may be

traced to the inner bulk, Techn. Mo, 8s,

but the capsule is differently formed. It consists of a large number of
concentric capsules, or lamella, each lined by a simple layer of endo-
thelioid cells and separated from neighboring lamellze by a serous fluid.
Each lamella consists of an outer transverse and an inner longitudinal
layer of connective-tissue fibers. As the capsule of the end-bulbs, so
also these capsules originate from the connective-tissue sheath of the
- entering nerve-fiber. They are the smaller the nearer they lie to the
inner bulb.  Along the course by which the entering nerve passes to
the inner bulb the lamella are not infrequently united by a longitudinal

- —

* In the lamellar corpuscles the axis-cylinder not infrequently is forked at its extremity or
it breaks up into several twisted interlacing twigs.
L3
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strand of tissue, the interlamellar ligament. A small artery accompanies
the nerve-fiber into the interior of the corpuscle, which breaks up into a
capillary network lying between the peripheral lamellze.

The lamellar corpuscles partly oceur in superficial situations, abun-
dantly in the subcutaneous connective-tissue of the palm of the hand and
the sole of the foot, more sparingly in other areas of the skin, in the
nipples, in the territory of the pudendal nerve, partly in deeper situations,
in the vicinity of the joints, on the nerves of the periosteum and the
bones, and in the neighborhood of the pancreas, in the mesentery.

The corpuscles of Herbst and Key-Retzius, occurring in birds,
are also lamellar corpuscles; they only differ in being much smaller and
in possessing a double row of longitudinally-disposed nuclei in the inner
bulb.

The genital nerve-corpuscles of the lower mammals and of man are
spherical or oval forms (from 0.06 mm. to 0.4 mm. long), and consist of a
finely-granular, nonnucleated inner bulb enveloped in a connective-tissue
capsule containing cells rich in protoplasm. The approaching medullated
nerve-fibers make several turns around the corpuscle, lose their medulla
and divide, while fiber-sheath and neurilemma pass into the capsule ; the
naked axis-cylinders penetrate the inner bulb at different points, undergo
rapid division and form a dense plexus of fibrils with varicose enlarge-
ments, Inimperfect staining the varicosities simulate club-shaped endings.
Each plexus is joined to neighboring plexuses by delicate nerve filaments.

The genital corpuscleslie in the depths of the
corium at various distances from the papillary
stratum ; in the papilla only smaller corpuscles,
resembling the * spherical end-bulbs,” are found.
The largest number, from one to four to: the
square millimeter, occurs in the glans penis and
in the clitoris. The so-called spherical end-bulbs
{th::j,r arc sometimes round, sometimes oval) have
a similar structure ; they are found in the con-
junctiva and in the adjoining portions of the
16 ) s Condsnre LCOROCE: of man, and possess a greatest diameter

FROM A PERPEXDICULAR SEC- ¥y s P =-C0r-
TIoN OF THE GREAT ToE OF of .02 to 0.1 mm. The articular nery

AN N e puscles belong to the same category.

e oo The tactile corpuscles (Wagner's and Meiss-

&, connective-tissue sheath.

Tochn Mo g2 C BRI per's corpuscles) are elliptical structures, from

40 to 100 # long and 30 to Go i broad, which
are characterized by cross-markings. They possess a connective-tissue
capsule (Fig. 127, /) with flattened cells, the boundaries of which, as




3 » JERY - - | N &
TE - BA X I s s . al |

r 1 i ] % 14, e e o T8 tal

Y I [ LIELEN ClaCly =Ll LE 4
1 ] 1 f [ 1 11
v | EACII L -
i - [ ie (O 1 1 T L i =110 . . i .
. 1 i
T 1 . r w T CIE L LALS plels
COrn | | AR E LI ol s LI L i 5
1 .
B . . Y a B 5 TlEers ent nE $ 111l =L LSl = L 10 =
1 | al = & “ 1 | 1AL Ll LA IL {
Tl - . E
s 1 Ol AR 1 i Y™ K I 111 | € Rl
| g 1 A
| 1] Il L VEE] =L b : L L | 3 | Lk d
i i " a1
mches 1 : [ Talkidilarl - . - TIET Bl i 185 AL el
BNy T
s
il ] {
14
L - | - { (1 L i gla] -
] L LE - 1 + T o } ] > ] s ln] )
§ e { LI \ ! C 1




e ————

196 HISTOLOGY,

tortuous terminal branches with bulbous, swollen extremities, which
form the so-called wotor end-plate and rest upon a rounded, finely-
granular disc (sele-plate) containing numerous
vesicular nuclei. Each muscle-fiber possesses
at least one motor end-plate; whether they lie
upon or under the sarcolemma is not yet defi-
nitely determined.
The nerves supplying the smooth muscles
form a plexus from which bundles of non-
Fic, 13— Moro Nunur v medullated nerve-fibers arise; the latter divilde
MuscLi oF Rausir, w 2. Tepeatedly and form several networks, from

. Medullated  nerve-fiber - . : :
i"’; el o e haeubers which spring the most delicate nerve-fibers. They

transverse strice are distinet

only in the lower hall of the 2pply themselves to the smooth muscle-fibers and
muscle-fiber. Techn, No. 86 &, 2 . X
often are slightly thickened at the point of contact.

THE SUPRARENAL BODY.

The description of the suprarenal body with the organs of the
nervous system is warranted by the profusion of its nervous elements,
by its relations to the central nervous system, as established by experi-
ment, as well as by the facts of comparative anatomy.

Each suprarenal body consists of a cellular parenchyma and a
connective-tissue capsule, which sends delicate processes into the interior
of the organ. The parenchyma consists of an outer stratum, the cortex,
which surrounds an inner mass, the medulla, on all sides. The cortex
in the fresh state is of a yellow color and is composed of groups of cells
about 15 ¢ in size, rounded in shape, that possess a coarsely-granular
protoplasm, sometimes containing fat particles, and a clear nucleus. In
the outer zone of the cortex the cells are grouped in oval masses ; in the
middle zone they are arranged in cylindrical columns, while in the inner-
most zone the anastomosing cords of cells lie irregularly scattered in a
reticulum of connective-tissue : the cells of the innermost zone are char-
acterized by their pigmentation. According to the described arrange-
ment the cortex is divided as follows : 1, the sena glomerilosa; 2, the
sona fasciculata ; 3, the sona reticwlaris. The medulla in the fresh state
is sometimes lighter, sometimes darker than the cortex ; it consists of
polygonal cells * possessing a finely-granular protoplasm and a clear

= C

* Whether these cells are gland-cells that discharge their secretion into the veins is a
question that demands further investigation.
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rounded by nerve-fibers, In the medullary substance, seldom in the
cortex, groups of sympathetic ganglion-cells occur.  Some of the nerves
terminate in the walls of the blood-vessels.

B ——= Fona glomerulosa,

»—— Zona fasciculata.

Y /—=— Zona reticularis.

o= Medulla.

wn MEDULLA OF THE SUPRARENAL BoDy oF ADULT Max.

— THROUGH CORTEX A
F16. 131.—SECTION TH ) .
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they not stain, place unstained sections in Miiller's fluid for twenty-four
hours, wash one minute in distilled water, then stain, and the result may
be successful. Should the decolorization be insufficient, if the gray sub-
stance does not become yellowish-white, the procedure may be repeated ;
that is, the sections are to be again placed in distilled water one minute,
then in potassium permanganate one or three minutes, then in distilled
water one minute, and finally in the acid mixture. The given quantities
of the permanganate solution and of the acid mixture are sufficient for
only a few, about 20 sections. If it is desired to treat more sections,
larger quantities of these fluids must be used.

No. 69.—The Spinal Cord ; Staining of Axis-cylinders and of Cells.
—Place pieces at the most 2 ecm. long in 200 c.c. of Miller's fluid, that
must be changed daily during the first week and once a week thereafter,
In four weeks transfer the tissue directly from Miller's fluid to about
50 c.c. of sodium carminate (1 per cent. aqueous solution), in which it
should remain for three days. Duwring this time the bottle containing the
fissue must be frequently shaken. The stained pieces are to be washed for
twenty-four hours in running water, then placed in 150 c.c. of 70 per
cent. alcohol, and after five hours transferred to the same quantity of g5
per cent. alcohol.  Mount the cross-sections in damar (Fig. 100).

-

No. jo.—Spinal Cord; Golgt Staining.*—The length of time the
tissue must remain in the Golgi mixture depends upon the elements it is
desired to stain,t as follows ;(—

Two to three days for neuroglia-cells.

Three to five days for nerve-cells,

Five to seven days for nerve-fibers (collaterals).

For this purpose take the spinal cord with the vertebral column of a
newborn rat or mouse, and treat it according to the method given on
page 41. Since the pieces must be used as soon as they are taken out
of the silver solution, only one piece at a time should be transferred to
the absolute alecohol. Cut the sections through the spinal cord and the
vertebral column,

The spinal cord of a three- or seven-day-old embryo chick furnishes
still better results, but it is necessary to embed the tissue in celloidin
(see Microtome Technic). The spinal cord of kittens as well as that of
human embryos 20 to 40 cm. long yields very useful results.

No. 71.—The Brain,; Staimng of Medullated Nerve-fibers—Apply
the method given in No. 68. If an entire human brain is to be placed

® Editor’s #emark » The application of the Cow- Gelid smixvénre, in the manner described
on p. 41, footnote, is also highly recommended. Since it can be applied with good results to the
central nervous system of adi/¢ animals, it offers, in the manipulation of the material and the
preparation of the sections, valuable advantages, particularly to the beginner. After the treat-
ment with alcohol the larger pieces, without being embedded, can be easily cut frechand, when
thick sections are desired,

+1f the action of the mixture is too brief the central portions of the sections appear un-
transparent and penetrated by abundant precipitates; if the action of the mixture is too pro-
longed the resulting impregnation of the elements will be unsatisfactory.
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seventeen days old, transition forms between the ninth and fourteenth
days, and in embryo rabbits from 5 to 12 em. long,

No. 81.—Sympativetic Ganglia—Fix and harden the large superior
cervical ganglion of the sympathetic nerve like No. 8o. Here, too, on
account of the abundance of nuclei, nuclear staining is applicable only to
wery thin sections, Treated according to the method given in No. 30, the
processes of the multipolar ganglion-cells are not rendered distinct. For
this purpose place the thinnest possible sections: for twenty-four hours in
5 c.c. of nigrosin solution (prepared like the methyl-violet solution,
P. 25); then transfer them to 5 c.c. of absolute alcohol for five minutes,
and preserve in damar. The characteristic bundles of nonmedullated
nerve-fibers, cut obliquely and transversely, can be recognized with the
low power; also the ganglion-cells: but to see their processes high
magnification and careful scrutiny are necessary (Fig. 121). In many
sections the processes of the ganglion-cells cannot be seen ; the latter
may be best exhibited according to the method given in No. 70, and a
suitable object is the cervical portion of a ten- or fifteen-day-old embryo
chick.

No. 82.—Simiple Tactile-Cells ; Intra-cpithelial Nevve-fibers ; Cells of
Langerhans ; Tactile Corpuseles—DPrepare a mixture of gold chlorid and
formic acid (p. 43), boil it and let it cool ; then cut from the volar side
of a freshly-amputated finger or toe (with scissors applied flatwise) sev-
eral small pieces of the epidermis and uppermost layers of the corinm
about 5 mm. long and 1 mm. broad. Carefully remove any fat attached
to the under surface of the corium and place the pieces in the gold and
formic acid mixture for one hour, in the dark. Then, with glass-rods,
transfer the pieces to 10 c.c. of distilled water and in a few minutes to
fresh distilled water to which formic acid has been added (p. 43), and
expose the whole to daylight (sunlight is unnecessary). In from twenty-
four to forty-cight hours the tissue becomes dark violet. It is now to be
hardened in 30 c.c. of gradually-strengthened alcohol. In eight days
the pieces may be embedded in liver and sectioned; mount in damar.
The epidermis is red-violet in different tints; the nuclei are only to be
seen in places and often are not perceptible ; the corium is white ; the
capillaries, the excretory ducts of the coil-glands, and the nerves are dark
violet to black. For tactile cells the thinnest possible sections are neces-
sary. They may often be found near the excretory ducts of the coil-
glands. Care must be taken not to confuse them with shrunken epithe-
lial-cells (Fig. 123).

The 2ntra-cpithelial nerve-fibers appear as delicate filaments; their
connection with the nerve-fibers in the corium is difficult to trace.
Processes of the cells of Langerhans, in thin sections, are apt to be
confused with the intra-epithelial nerve-fibers (Fig. 122).

The ecells of Langerians and the tactile corpuscles may be easily seen ;
in thick sections the tactile corpuscles are black (Fig. 122), in thin sec-
tions red-violet (Fig. 127).

No. 83.—Compound Tactile Celfs—Cut the yellowish wax-like skin,
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tised microscopist will have much success in finding them. Beginners
are advised not to attempt this preparation.

No. 85.—Lamellar Corpuscles—These are best obtained from the
mesentery of a cat, where they may be seen with the unaided eye.
They appear as milky, glass-like, transparent, oval spots between the
strands of adipose tissue of the mesentery, Their number varies greatly.
Occasionally they are very scarce and of such small size that to find
them requires close searching., Cut out the portion of the mesentery
containing the corpuscles, and spread them out in a drop of salt solution
on a slide lying on a black background. Endeavor to remove the
attached clusters of fat-cells, taking care not to prick the corpuscles.
Ascertain with a low power, without a cover-glass, whether the corpus-
cles have been sufficiently isolated. Cover them with another drop of
salt solution and a cover-glass. Pressure must be carefully avoided.
The corpuscle represented in Fig. 126 was of very small size.

With the high power one can distinctly see the nuclei of the cells
lining the capsules; the oval nuclei of the inner bulb are often indistinet
and pale. If it is desired to preserve the preparation, treat it under the
cover-glass with 1 or 2 drops of 1 per cent. osmic acid and, after the
medulla is blackened and the inner bulb has become brown, displace the
acid with very dilute glycerol. Methylene-blue staining (p. 3g) is rec-
ommended.

No. 86.—Motor Nerve-endings.—a. Terminal Ramifications—Pre-
pare a mixture of 24 c.c. of 1 per cent. gold chlorid solution plus 6
c.c. of formic acid, boil it and let it cool ; cut out small pieces 3 or 4
cm. long of the intercostal muscles of a rabbit and treat them like
No. 82 ; after the dark-violet pieces have lain from three to six days in 70
per cent. alcohol, tease a muscle-bundle about 5 mm. broad in a drop
of dilute glycerol to which a very small drop of formic acid has been
added. It is of advantage to make slight pressure on the cover-glass.
To find the terminal ramifications, trace with the low power the easily-
recognized black nerve-fibers (Fig. 128). The addition of another drop
of acetic or formic acid often renders the elements more distinct.

b. Nuclei of the Motor Plates—Place the anterior halves of the eye-
muscles of a recently-killed rabbit in g7 c.c. of distilled water plus 3 c.c.
of acetic acid. After six hours transfer the muscles to distilled water;
with the scissors cut a thin flat piece and spread it out on a slide ; the
ramifications of the whitish nerves can be plainly seen with the unaided
eye. With low magnification (50 diameters), the anastomoses of the nerve-
bundles, as well as the blood-vessels, that are easily recognized by the
transversely-placed nuclei of their smooth muscle-fibers, can be seen. On
account of the large number of sharply-contoured nuclei belonging to
the muscles and the intramuscular connective tissue, the end-plates are
not easy to find. If a nerve-fiber be traced it will soon be seen that the
double-contoured medullary sheath ceases abruptly and loses itself in a
group of nuclei; these are the nuclei of the motor plate, the other







V. THE DIGESTIVE ORGANS.

MUCOUS MEMBRANES.

The inner surface of the alimentary tract, of the respiratory organs,
of certain parts of the genito-urinary system and of some of the organs of
special sense are covered by a soft, moist membrane, the mucons wem-
brane or funica mucosa. It is composed of a soft epithelium and of
connective-tissue. The latter, immediately under the epithelium, is
usually specialized and condensed to form a structureless membrane,
the miembrana propria or basement mewbrane ; beneath this follows the
tunica propria, which passes by a gradual transition into the subjacent,
loose-textured furnica submuncosa, that in turn connects the mucous mem-
brane with the underlying structures, for example, the muscles or bones.
The epithelium of the glands is derived directly from the epithelial ele-
ments of the mucous membrane (see p. 71).

THE Mucous MEMBRANE oF THE Orar Cavity.

The mucous membrane of the mouth consists of three parts: (1) the
epithelium, (2) the tunica propria, and (3) the submucosa. The
epithelinim is typical stratified squamous epithelium. The frunica propria
i5s formed of interlacing connective-tissue bundles richly interspersed
with elastic fibers. The bundles of the uppermost strata are very slender
and form a compact, apparently almost homogeneous felt-work. The
surface of the tunica propriais beset with numerous usually simple papilla
(Fig. 134, 1), the height of which varies greatly in the separate regions
of the oral cavity. The highest papille (0.5 mm.) occur at the edge of
the lips and on the gums. The tunica propria passes without sharp
limits into the submzucosa, which consists of somewhat thicker bundles of
connective tissue, among which the elastic fibers are not numerous.
The submucosa is in general loosely attached to the walls of the oral
cavity ; only on the gums and on the hard palate is it firmer and here
intimately united to the periosteum. It contains the glands of the mucous
membrane ; these are, with the exception of the sebaceous glands occa-
sionally found at the edges of the lips, branched tubular mucous glands -
from 1 to 5 mm. in size. The main excretory duct (Fig. 134, 2) is
somewhat expanded at its lower end and in the greater part of its length
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face of the dentine to the free surface of the enamel ; this is covered by

a very thin but very resistant membrane, the enamel cuticle,

The cementum (substantia ossea) coincides in its structure with that
of bone. It contains many Sharpey's fibers. Haversian canals are
found only in the cementum of older individuals ; stratification in lamel-
lee is seldom well defined. Bone-corpuscles are absent near the neck,

The space between the fang and the alveolus is occupied by the
richly-innervated periosteum, which is firmly united to the cementum
by Sharpey’s fibers, which penetrate from the inferior maxilla through

Enamel prisms, Enamel prisms in trans-
isolated, VErse section,

[-';i%, 138—ExaMiL.  PRISMS FROM THE FiG. I30.—81x ODONTOBLASTS WITH DENTINAL FIBERS,
‘ooTH OF AN INFANT., Techn. No. 4. e p, pulp processes.  From the pulp of an infant,
* aqo.  Techn. No. o3,

the periosteum into the cementum. The uppermost portion of the peri-
osteum is called the cirewlar dentinal ligament.

The dentinal pulp is formed of a soft connective tissue containing
delicate fibers not united in bundles, the cellular elements of which, on
the surface toward the dentine, form a layer of elongated nucleated cells,
the odontoblasts ; these send out short processes, pulp processes (Fig.
139), that are connected with other elements in the pulp, and long pro-
cesses that extend into the dentinal tubules as the above-mentioned
dentinal fibers (Fig. 139, f). Blood-vessels and nerves are limited to the
pulp of the tooth.

DEVELOPMENT OF THE T[EETH.

The development of the teeth in man begins toward the close of the
second month of fetal life * and is first indicated by a linear proliferation
of the primitive epithelium of the oral cavity, which in the form of a con-
tinuous projection grows obliquely into the subjacent connective tissue.

# That which, at an earlier period (fortieth day), has been described as the anlage, is not
this alone, but includes the anlage of the labial furrow.
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for the dental .papillee.  Thus each bulb becomes an enamel orean.
Meanwhile the dental ridge has assumed a more nearly vertical posi-
tion (C). At about this time, too, a longitudinal groove on the margin
of the jaw is visible, the dental furrew, which exteriorly marks the
region from which the dental ridge grew into the depths. The time of
the appearance of the dental furrow varies; frequently it is present in
the initial stages. It disappears later. The original broad attachment
between the dental ridge and the enamel organ becomes diminished by
partial constriction and finally is reduced to a slender cord, the &stlhmus
(Fig. 140, D). Meanwhile the papilla and enamel organ grow beyond
the dental ridge into the depths, so that the free edge of the latter does

.= Epithelium

ST . of oral mu-
el ; EOUS mem-
TaR i khes Tumica brane.
g e propris
= i
e Enamel organ.
e =~ Papilla.
e
il-: i e, Osseous trabecolne
s S Y of lower jaw.
Lower lip. Orbicularis oriz muscle in

transverse section.

FIG. 142 —CROSS-SECTION OF THE LoweER Jaw oF A Husmax Esmpryvo Four MonNTHs OLD. O 42-
Techn. No. g5,

not extend to half the length of the enamel organ (Fig. 140 and Fig.
143)-

At the same time the elements of the enamel organ undergo differ-
entiation. The inner layer of cells, resting upon the papilla, develop
into tall columnar elements, the fnner enamel cells (Fig. 143); their inner
surface is provided with a cuticular border. The peripheral cells (Fig.
143), steadily decrease in height (Fig. 144), until finally they are reduced
to thin plates, the ownter enamel cells ; the cells between the inner and the
outer enamel cells, by an abundant increase of the intercellular substance,
become transformed into stellate, anastomosing elements, and form the
enamel pulp (Fig. 143 and Fig. 144). At the point where the inner
enamel cells bend over into the layer of outer enamel cells, the enamel
organ grows further into the depths until it has reached the lowest ex-
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which produce the at first uncalcified dentine (Fig. 144). The odonto-

blasts do not develop beyond the extent of the epithelial sheath, As soon
as the first dentine is formed, the epithelial sheath undergoes regressive

Dental sack.

Outer layer. Inner laver.
Outer enamel cells,

Enamel pulp.
Inner enamel cells

#enamel cuticle).

Enamel,

Epithelial
sheath.

Dentine,

Odontoblinsts,

Dental papilla (future
pulp).

Blood-vessel,
Bouy trabecula of lower jaw.

FiG. 144 —LONGITUDINAL SECTION OF A YOUNG MILK-TOOTH oF A NEWRORK DoG. X 42,
Techn. No. gs5.

change, since connective-tissue ingrowths from the alveolar periosteum
penetrate between the epithelial-cells. This regression begins at the
lower border of the enamel organ, thus severing the connection between
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the tongue, but ceases at a distance of about 3 mm, from the dorsum of
the organ. The septum is composed of compact connective tissue,

The mucous membrane of the tongue, like that of the oral cavity,
consists of an epithelium, a tunica propria, and a submucosa, but is
characterized by the conspicuous development and complicated form
of the papillze.  Three kinds of papille are distinguished : the filiform:
or contcal, the fungiform or clavate, and the circumuvallate papille.

The filiform papiile are cylindrical or conical elevations of the tunica
propria, bearihg on the summit from five to twenty small secondary
papille.  They are composed of distinctly-fibrillated connective-tissue
and numerous elastic fibers, covered by a thick layer of stratified scaly
epithelium that over the secondary papillz not infrequently forms a
number of filamentous, horny processes. The filiform papille are very

Epithielinm.

Epithelium,

i 2 4 W
o i Tunica : T 3
v |: propria.| —=—
P S e l 3 %
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e e e e
Fic. 145, —LOoNGITUDINAL SECTION oF THE Mu- Fig. 146.—LONGITUDINAL SECTION oF THE Mu-
CcOUs MEMBRANE oF THE Dorsusm or THE Hu- cous MEMBRANE oF HUMAN TONGUE, X 30.
man ToNGUE. * 3o. 1, Sectlon of two filiferm 1, Fungilorm |:ar||1u with, 2, secondary papille;
papillee, each of which hears, 2, three secondary 3, stalk of fungiform papilla; 4, small filiForny
papillas; 3, compound, 4, simple process of papilla. Techn, No. g6,

epithelinm, the surface of which is covered with
masses of loosely-attached, scaly epithelinl-cells.
‘Techn. Nao. gb.

numerous and are distributed over the entire surface of the tongue; they
vary in height from 0.7 to 3 mm. (Fig. 145).

The fungiform _ﬂapﬁfm are rounded elevations connected with the
tunica propria by a slightly-constricted stalk; their entire surface is
beset with secondary papill. They consist of a distinct feltwork of
connective-tissue bundles, which contain but few elastic fibers. The
epithelial cover is thinner than that on the filiform papille and is not
cornified. The fungiform papilla, not so numerous as the filiform, are
also distributed over the entire surface of the tongue and vary in height
from 0.5 to 1.5 mm. In the living they are usually easily distinguished by
their red color, due to the capillaries shimmering through the transparent
epithelium (Fig. 146).
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also the wall, lie the end-organs of the gustatory nerves, the faste-buds.
The circumvallate papille are few in number, from 8 to 15, and only
occur at the posterior end of the dorsum of the tongue. They are from
Ito 1.5 mm, high and 1 to 3 mm. broad (Fig. 147). At the lateral
margins of the tongue, near the anterior pillars of the fauces, is a group
of parallel folds of the mucous membrane, the papilla foliata, that are

Emigrating leucocytes. Fragments of epithelium.
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FiG. 149.—FROM A THIN SECTION 0F A LiNGUAL FOLLICLE 0F MAX. % 420, On the left the epithelium is
free from leucocyles, on Lhe right many leucocytes are wandering through. [n this way the epithe-

lium is undermined and smaller or larger fragments of it are seen lying between the broad passages
mace by the leucocytes. Techn. No, ob.

distinguished by their wealth of taste-buds. The papille foliate are
especially well developed in the rabbit. '

The submucosa at the tip and at the edges of the tongue is firm and
resistant (fascia linguz), and intimately connected with the underlying
parts. :

The Lympl-follicles of the Tongne (folliculi linguales).—The mucous
membrane of the root of the tongue extending from the circumvallate
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gland-cells resists the pressure exerted by neighboring cells.* The
anterior lingual gland (glandula lingualis anterior) (Nuhn) occurring in
the tip of the tongue also is a mucous gland.

The serous glands are limited to the vicinity of the papillee circum-
vallatae and foliatae ; the excretory ducts open into the furrows between
the papilla and the wall (Fig. 147), and are lined by simple or stratified,
not infrequently ciliated, columnar epithelium. The small tubules con-
sist of a delicate membrana propria and short cylindrical or conical cells,
destitute of a membrane, the dim, granular protoplasm of which encloses
a round nucleus lying in the middle of the cell (Fig. 151, /I7and 7).
The lumen of the tubules, especially in animals, is very narrow.
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FiG, is1.—F, /f, FROM A SECTION oF A Mucous GLAND oF THE RooT oF A4 HusMax Toscue. f. Section
of a tubule with (§) gland-cells empty of secretion and (e) gland-cells filled with secretion ; o, lumen,
L Cross-section of a tubule contaimng only cells loaded with secretion, S5 and J°. From the mu-
cous membrane of the tongue of a mhﬁ[l. LIL Tubule of 8 mucous gland in transverse section. Jf1°
Several tubules of a serous gland, at & the very small lumen. 15 Several tubules of a human serous
gland, with large (d) and small {d) lumen. All the sections are magnified 240 times. Techn, No. of,

The blvod-vessels of the mucous membrane of the tongue form net-
works disposed parallel to the surface, from which twigs ascend to all the
papille up into the secondary papillee. At the root of the tongue small
arteries pierce the fibrous envelopes of the lymph-follicles and break up
into capillaries that penetrate to the interior of the nodules. The blood-
vessels of the glands form capillary networks around the gland-tubules.

The lympli-vessels of the tongue are arranged in two sets ; a deep set
consisting of larger vessels, and a superficial set, which takes up the
lymph-vessels of the papill. The lymph-vessels at the root of the
tongue are very richly developed; they form networks encircling the
lymph-nodules.

The #zerves of the mucous membrane of the tongue, the glosso-
pharyngeal and the lingual branch of the fifth are furnished with small
croups of ganglion-cells along their course ; their endings behave partly
as in other portions of the oral mucous membrane, partly they enter in
intimate relation with the taste-buds.

#* Only the mucons glands of the tongue of the cat and of the uvula of man exhibit
demilunes.
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@

arranged in two strata, an inner circular, in which the direction of the
muscle-fibers is not everywhere exactly transverse, and an outer longi-
tudinal not continuous layer. The fibrous coat consists of compact
connective-tissue bundles interspersed with numerous elastic fibers.
The distribution of the blood-vessels, lymph-vessels, and nerves is the

Mucous coat. ql

Muscular coat.

Fibrous coat,

F1G. 152.—FroxM A CROS5-5ECTION oF THE MIDoLE THIRD oF THE HUuMAN ESOPHAGUS, X 1o, 1. Stratified
squamous epitheliuvm. = Tunica propria. 3. Muscularis mucose. 4. Submucosa, 5. Circular
museles, 6. Longitudinal muscles. g, Blood-vessel. Techn. No. o8

same as in the pharynx. Between the circular and the longitudinal
layers of the muscular coat the nerves form a plexus, at the nodal points
of which minute groups of ganglion-cells occur (see plexus myentericus,

p. 238).
THE STOMACH.

The wall of the stomach is from 2 to 3 mm. thick and comprises
three coats: a mucous, a muscular, ‘and a serous or fibrous tunic.

The mucous ceat, sharply contrasted with the white esophageal
mucous membrane by its reddish-gray color, consists of an epithelium,
a tunica propria, a muscularis mucosa, and a submucosa (Fig. 153).

The epithelium is a simple columnar epithelium, the elements of
which produce a mucoid secretion. Two zones can usually be distin-
guished, an upper mucoid (Fig. 15,¢), and a lower protoplasmic (Fig. 15, 7);
the latter contains the oval, round, or flattened nucleus. The extent of
the mucoid zone varies considerably with the functional phase (cf. Fig.
15). After the discharge of their mucoid contents the epithelial elements
closely resemble goblet-cells. The funica propria is composed of a
mixture of fibrillar and reticular connective tissue and of an extremely
variable number of leucocytes, that occasionally lie closely aggregated
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of minute canaliculi belonging to the parietal-cells (but not to the chief-

cells) that can be seen in ordinary preparations. By the aid of Golgi's
reaction, which also “ blackens ' secretion, it may be seen that from the
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axial or chief lumen of the fundus glands transverse canaliculi emerge,
that divide and either terminate in free branches or anastomose with one
another and form a narrow-meshed network of * secretory capillaries,”
that surrounds each parietal-cell like a basket or spreads out within the
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serving a similar purpose, that stand at the limit of macroscopic percep-
tion. These are the minute elevations and depressions of the mucous
membrane. The former, the 22/, are present only in the small intestine,
in the large intestine of man they are wanting ; they are processes about
one mm. high, in the duodenum of leaf-like, in the remainder of the small
intestine of cylindrical form. The depressions begin at the pylorus and
are found throughout the whole length of the intestine. They exist in
their most primitive form in fishes and originate in longitudinal parallel

Intestinal
glands.
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Submucosa. = — -

Circular musoular 2 ! . Plexus
Ia}'ﬂr.. i . ! i — myen-
Longitudinal mus - tericus.
cular layer.

Serosa. F

Fie. I'ﬁﬁ.-—-LUNG:ITI,."I:ITNAL SHCOTION OF THE JEjUNUM oF ADULT Man. 3 16 The circular fold
{valvula conniventis) on the right suﬂp-orts two small solitary nodules, that do not extend into the
submucosa and of which the left exhibits a germinal center, X.  The epithelium is slightly loosened
imm_l,he connective-tissine core of many of the villi, so that a clear space, XX, exists belween the twa,
The isolated bodies Iving near the villi {more numerous to the left of :iw; valvulpe conniventes) are
partial sections of vilﬁ tlhiat were bent, therefore not cut through their entire length, Techn. No. 105

folds of the mucous membrane connected by small transverse folds. In
vertical sections these shallow depressions appear as short, wide sacks,
called e7ppts.  In mammals the crypts are deeper, their lumen narrower,
and in rows close beside one another they have the appearance of simple
tubular glands ; but they could only be regarded as such if the epithelial-
cells lining them produced a specific secretion, which is not the case.
However, the name intestinal giands (Lieberkithn) has been retained.
Whether the isolated granular cells that occur in the fundus of the crypts
are gland-cells, is a question.
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consist of a granular protoplasm containing numerous resorbed fat-
particles, a usually oval nucleus, and a cell-membrane. On the free sur-
face of the cells there is a sometimes homogeneous, sometimes finely-
striated euticular border characteristic of the intestinal epithelium,

The regeneration of the epithelium takes place only in the intestinal
crypts, where by mitotic division new cells are constantly formed,
which gradually move upward and replace the cells that disintegrate on
the upper surface of the mucous membrane. Therefore the youngest
generation of epithelial-cells is found in the crypts, the oldest on the free
upper surface, in the small intestine on the apices of the villi,  Gobler-
cells in extremely variable numbers occur in the intestinal epithelium
they possess an elliptical, not infrequently a chalice-like form ; the upper
portion, that directed toward the surface of the intestine, undergoes
different degrees of distention as the protoplasm is transformed into
mucus, the nucleus with the remainder of the unaltered protoplasm lies

FiG, 161, —INTESTINAL ERITHELIUM. < sb0. A, Isolated goblet-cells of rabbil. x, Escaping mucnos.
Techn., No. rog & K, Froma section of the mucous membrane of the humsan intesting. &, A golilet-
cell between columnar cells.  Techn. No. 1oz,

at the base of the cell ; a cuticular border is wanting, in place of which
a sharply-defined circular orifice is found, through which the mucus is
poured out on the surface (Fig. 161, A). The goblet-cells are derived
from the ordinary epithelial-cells of the intestine. In proper conditions
each young intestinal epithelial-cell may assume the functions of a goblet-
cell.*

The separate phases of secretion appear in regular sequence and so
that the later phases are always to be seen on the apices of the villi or near
the upper surface of the mucous membrane, the initial phases in the
intestinal crypts (Fig. 162).

In the crypts of the small intestine the number of goblet-cells is
proportionately less than in the large intestine ; this is explained by the
fact that the young epithelial-cells of the crypts move more rapidly to the

* In regard to the mode in which the goblet-cells produce and discharge secretion, see p. bo.
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The muscularis mucose consists of an inner circular and an outer
longitudinal layer of smooth muscle-fibers,  Fibers derived from the
muscularis mucosa: extend within each villus nearly to its apex. Their
contraction effects a shortening of the villus (cf. Techn. No. 103).

AMilli,

- Mucosa,
Intestinal cryms.
= —— Muscularis mucosme
Duodenal glands. &7
Submucos.
Circular muscular
Gangli lls of Auerbach’ A
anglisi-cells o werhachts .
s, Muscularis.
Longitudinal mus- X
cular layer
Fic, 163, —LOoNGITUDINAL SECTION THROUGH THE DUODENUM OF A CAT. * jo. The epithelium has

become loosened from the connective tissoe of the villus on the extreme left. The two villi at the
extreme right are cut obliquely. The epithelium has fallen from the middle villos, 5o that the con-
nective-tissie core lies exposed. The serosa is represented by aline beneath the longitudinal layer
of the muscular coat, Techn. No. 103.

The subuincosa consists of loose fibrous connective tissue and in the
upper half of the duodenum contains branched simple tubular glands,
the dwodenal glands (Brunner), from 0.2 to 3.4 mm. in size. The
excretory ducts of these glands are clothed with columnar cells, pierce
the muscularis mucosae, and run in the tunica propria parallel with the
crypts of Lieberkithn.  The walls of the tubules are formed of columnar
gland-cells and a structureless membrana propria.

THE L¥YMPH-NODULES.

It has been previously mentioned that the tunmica propria of the
mucous membrane contains leucocytes or lymphoid-cells in variable
numbers, oceurring either as diffuse adenoid tissue or as circumscribed
masses from 0.5 to 2 mm. in size. The latter are lymph-nodules, which
occur cither singly as the solitary nodules or in groups as the agminated
noaules.

The solitary nedules (* solitary follicles ") vary greatly in number
in the gastric mucous membrane, they are more numerous in the intes-
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has the structure of a solitary nodule, Occasionally the outline of an
individual nodule is altered by the pressure of adjacent nodules (Fig.
164). They principally occur in the lower portion of the small intestine,
either isolated from one another or transformed in a mass of diffuse
adenoid tissue, in which case only the germinal centers ean be distin-
guished. This is not infrequently the case in the vermiform process of
man. The transition of the mucous membrane of the rectum, character-
ized by the large intestinal crypts, into that of the anal canal occurs at the

Epithelinm,
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F1G. 165, —FROM A SECTION OF THE SMALL INTESTINE OF A SEVEN-DAVS'-0LD KITTEN. ¢ 260, Crest
of a solitary follicle. The epithelinn on'Uhe left eontaing many wandering leucocytes. The epithelium
on the right containg but three leucocyles. Techn. No. 107,

upper end of the columnz rectales (Morgagni); the crypts cease and
instead of the simple cylindrical epithelium a thick, stratified squamous
epithelium appears, which covers papill containing blood-vessels.

The muscular layer of the intestine consists of an inner robust
circular and an outer thinner longitudinal stratum of smooth muscle-
fibers. In the large intestine the longitudinal muscular layer is well
developed only at the folds corresponding to the intervals between the
sacculi; between these folds it is extremely thin.

The structure of the seresa will be described with the peritoneum

(P 254).

TueE BLOOD-VESSELS OF THE STOMACH AND OF THE INTESTINES.

The blood-vessels of the stomach and of the large intestine have a
precisely similar distribution, which is modified in the small intestine by
the presence of the villi. In the stomach and in the large intestine the
entering arteries first give off small branches to the serosa, then pierce
the muscularis, which they supply, and then in the submucosa form a
network extending parallel to the surface. From this small twigs ascend
through the muscularis mucosa and in the tunica propria at the base of
the glands form another network parallel to the surface. Fine capillaries
(from 4.5 to g p wide) arise from the latter, which form plexuses around
the glands and pass into wider capillaries (from g to 18 #), which latter
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The duodenal glands are enveloped in a capillary plexus supplied
by the blood-vessels of the submucosa.

The lymph-nodules are surrounded by a superficial capillary network,
from which fine capillaries extend into the interior ; often these do not
penetrate to the center, which is then without blood-vessels (Fig, 166).

THE LyMPH-VESSELS OF THE STOMACH AND OF THE INTESTINES,

The lymph- (chyle) vessels of the stomach and of the large intestine
begin in the mucous membrane as blind capillaries, about 30 x wide, and
descend between the gland-follicles. In the mucous membrane of the
small intestine the lymph-vessels begin in the axis of the villi; in cylin-
drical villi they are simple (in leaf-shaped villi multiple) canals (from 27
to 36 p wide) closed at their upper ends, the lymph-radicles or lacteals.
All these vessels descend to a narrow-meshed capillary plexus lying at
the base of the glands and extending parallel to the surface, which com-
municates by numerous anastomoses with a wide-meshed horizontal
plexus in the submucosa ; the lymph-vessels proceeding from this network
are provided with valves; they penetrate the muscular coat and take up
the vessels of a plexus lying between the circular and the longitudinal
muscular strata, called the intramuscular lymphatic plexus, which takes
up the numerous lymph capillaries of both muscular layers. The vessels
then run beneath the serosa to the mesentery and pass onward between
its folds.

In certain localities the course of the lymph-vessels in the mucosa
is modified. The nodules of the patches of Peyer never contain lymph-
vessels. They press aside the capillaries, which run in the interstices
between them, constantly decreasing in number but increasing in caliber.
[t is probable that the lymph-sinuses of the rabbit (p. 125, remark) are
nothing else than such immensely-widened, flattened capillaries,

THE NERVES OF THE STOMACH AND OF THE INTESTINES.

The numerous nerves, mainly consisting of gray fibers, form a plexus
beneath the serosa, then pierce the longitudinal layer of the muscular
tunic and between this and the circular layer are arranged in a conspicu-
ous network, the intramuscular ganglionic plexus ( plexus myentericus)
(Auerbach); numerous groups* of multipolar ganglion-cells are found
along the course of the nerves, usually at the nodal points of the net-
work, the meshes of which are angular or elliptical. From this network
bundles of gray fibers are given off usually at right angles, that in part

% The groups—small ganglia—behave like the sympathetic ganglia in general.
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elaborate either a mucous or a richly-albuminous serous fluid, or both
the mucous and the serous secretion,  Accordingly we distinguish : (1)
micons salivary glands [Hul:rlingual in man, the rabbit, dog, and cat -
submaxillary in the dog and cat) ; (2) serous salivary glands (the pal'{jt[d:
in man, the rabbit, dog, and cat; submaxillary in the rabbit, and the
pancreas) ; (3) muxed salivary glands
(submaxillary in man, the ape, guinea-
pig, and mouse),

The Sublingual Gland —The excre-
tory duct, ductus sublingualis (Bartholin),
consists of a two-layered cylindrical epi-
thelium and fibro-elastic tissue. It is
continued as the intralobular or mucous
tubes, the low columnar epithelium of
which exhibits the characteristic striation
(Fig. 170, 4) only in a few places. In-
tercalated tubules cannot be demon-
Fic 188 FRont x “Tun Chssssperion | Sirated with ‘eertainty, it issmuch more

O haMAN SusLINGUAL GlLanp, 0. probable that the mucous tubes pass

Or the seven tubules represented, only

P e T o six ‘o directly into the terminal compartmerits.

loaded with
e {;frtffl'i};g?ai-ﬁgd tothe pee The latter are composed of a membrana

iphery, where they form a ** crescent.” In .

3 all the cells are filled with secretion, propria and of mucous cells. The
and have deeply-stained contents; 4, e

tangential section of a similar tubule. membrana propria 1s fcrmed h}r stellate
5, 6, 7, ablique sections of tubules like 1 ; =

and 2, which show the crescents, but not  gonnective - tissue cells g the Empt}f

the lumen of the gland., wmp, Membrana
pecpzin miﬂ%:m:ﬂ_,mr:,:ﬁl.:ea:u.ul.l mu- - glandular cells occur in- groups, the
““demilunes " therefore appear very large
(Fig. 168, 1, 2)., The connective-tissue between the tubules and the
lobules is ri ch in leucocytes.

The Parotid Gland —The excretory duct ductus paretidens (Stenon),
is distinguished by its broad, compact membrana propria close beneath
the epithelium, but otherwise is like that of the sublingual gland. It
divides and passes into the énfralobidlar tubes, the columnar cells of which
at the base exhibit distinct vertical striation. Following these are the
intercalated tubules, which are lined by elongated, often spindle-shaped,
cells. The intercalated tubules continue to the terminal compartments,
which consist of a delicate membrana propria with stellate connective-
tissue cells and of cubical serous glandular cells. In a state of exhaus-
tion the cells are small, dark, and granular; in a state of activity
they appear larger and somewhat clearer.

The Submaxillary Gland.—The excretory duct, ductus submaxillaris

{Wharton} likewise possesses a two-layered columnar epithelium, a
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of the main excretory duct and its larger branches contain minute mucous
glands.  Intralobular tubes with their characteristic epithelium are
wanting. The branches of the excretory duct continue directly into
the intercalated divisions : the columnar
epithelial-cells of the former steadily
diminish in height and eventually pass
over into the flattened cells, placed par-
allel to the long axis, of the intercalated
tubules, These tubules are very long
and narrow ; toward the end-pieces they
divide and then abruptly terminate at the
epithelium of the terminal pieces.* This
epithelium consists of short cylindrical
or conical cells, which are characterized
Fic. 172.—Transverse Secrion or a Dy the highly-refracting granules—

N e zymogen granules ” { —occupying the

e i zone adjoining’ the lumen and are thus
distinguished from all other glandular cells (Fig. 171, 4, and Fig. 172).
The clearer peripheral zone of the cell contains the round nucleus. The
granular and clear divisions of the cell vary in proportionate extent with
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the functional state of the cell. In the beginning of digestion the gran-
ules disappear and the clear belt becomes deeper. Subsequently the

# Continuations of the epithelium of the intercalated tubules into the interior of the
terminal pieces form the so-called ** centroacinal cells,” which as squamous clements lie upon
the inner surface of the epithelial-cells of the end-pieces.

+ These granules are not artefacts, as are so many other granules in cells, which are
produced by fixation in sublimate or nitric acid. The zymogen granules can be seen in the cells
of the fresh pancreas.
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granular zone increases to such an extent that it occupies nearly the
whole of the cell. In a fasting state the two zones are of equal size.

In glands treated by the method of Golgi, the secretion often stains
and the duct-system in its entire extent appears black. The secretory
capillaries going from the central lumen of the terminal compartments
may then be seen (Fig. 173 and 174) running between the gland-cells ;
they do not quite reach to the membrana propria and without anastomoses
terminate in free branches. Their terminal ends possibly lie within the
gland-cells (cf. p. 74).

The &lood-vessels of the salivary glands are very richly developed.
The arterial stems, asa rule, run along side the main excretory duct, where
they divide into numerous branches which pass between the lobules and
finally penetrate within the latter, break up into capillaries and form close
networks around the tubules. The capillaries lie in immediate proximity
to the gland-cells. The larger veins follow the course of the arteries.

With regard to the funph-vessels little is known with certainty. The
interfascicular clefts between the lobules and the tubules have been de-
scribed as lymph-channels,

The salivary glands are profusely supplied with plexuses of medul-
lated and nonmedullated nerves, along the course of which microscopic
groups of ganglion-cells occur. The fine nonmedullated nerve-fibers
partly ramify in the walls of the blood-vessels, partly form an “epilem-
mal "’ plexus lying immediately upon the membrana propria of the
gland-tubules ; from this delicate filaments arise which pierce the mem-
brana propria and as hypolemmal fibers terminate in short, varicose,
simple or branched ends, which lie upon the gland-cells.*

THE LIVER.

The liver is a compound tubular gland. On making an incision
into a liver or on examining its outer surface, it will be observed that it
is divided into irregular polygonal areas, well defined, as in the hog, or
poorly defined, as in man and the majority of mammals. These areas
are the fobules of the liver (incorrectly named acini). Their real form is
somewhat like that of a prism with a rounded upper end and a trans-
versely-blunted base (Fig. 175). They are 2 mm. high and 1 mm. broad.
Close under the capsule of the liver the lobules often are arranged with
their apex looking toward the surface and a section made parallel to
the surface will pass through the lobules transversely (Fig. 177); in the

*In other glands (coil glands, mammary glands, tarsal glands) the relations are the same.
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interior of the liver the lobules stand in different directions. Each lobule
consists of gland-cells and blood-vessels and is separated from neighbor-
ing lobules by the imferfobular connective tissue, which supports the
branches of the excretory duct (the hepatic duct), the branches of the
portal vein and the hepatic artery, the lymph-vessels and the nerves.
The demarcation of the lobules de-
pends on the development of the
interlobular connective tissue.

The main excretory duct, the
hepatic duct, and its larger branches

=== Interlobular vein,

—
—
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_________ e consist of a single stratum of columnar

e epithelium, occasionally containing
: o Cords of hepati .

— 2t Ealiai{esalieanise). goblet-cells, and of fibrous connective

tissue separated into tunica propria
and submucosa. The tunica propria
is the carrier of the glands of the bile-
duct, chiefly short, pear-shaped folli-
cles lined with mucous gland-cells,
and of isolated longitudinally- and
FIG. 175—ScHEME oF ax Heramic Losuik,  transversely-disposed plain muscle-

represented in transverse seciion below and,

by pastial leveling, iy longitudiual secvion  fibers. The epstie duct, the ductus
ﬂ"ﬂ“"_; jiithe right llonly the cords of  chofedochus, and the gall-bladder ex-
cputie cells. O 30,
hibit the same structure; the tunica
propria is elevated into minute anastomosing ruge and the mucosa is
supplemented by a thin layer of interlacing smooth muscle-fibers. The
columnar epithelial-cells of the gall-bladder are distinguished by their
height (0.05 mm.) from those of the ductus choledochus (0.024 mm.).*
The branches arising from the further division of the hepatic duct, the
interlobular bile-ducts, exhibit thinner walls as they diminish in caliber ;
the larger consist of simple columnar epithelium and fibro-elastic tissue,
the smallest possess only a structureless membrana propria and a simple
layer of low epithelial-cells provided with a cuticular border, which as
they enter at the margin of the lobules annex themselves directly to the
true glandular cells. This transition is very difficult to see and can be
distinctly perceived only in sections in which the bile-ducts have been
injected or blackened by Golgi's silver method.
The glandular cells of the liver, the fepatic cells, are irregular poly-

% The wasa aberrantia, or blind bile-ducts, that chiefly occur at the left border of the liver,
at the portal fissure, and in the neighborhood of the vena cava, are embryonal remains of liver
substance and do not occur in the parenchyma of the organ.
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very peculiar one and not a trace of tubular strueture is to be seen, as
might be presupposed from the tubular character of the liver. The cells
are united in small trabeculae or cords, the so-called cords of liver-cells,
that radially disposed around a small vein (the central vein) situated in the
axis of the lobule spread out toward the periphery (Fig. 175 and Fig. 177),
and by lateral branches anastomose with neighboring cords of cells, A
lumen cannot be distinguished in such cords by the usual methods : it
can only be successfully shown by injecting the system of canals from
the hepatic duct or by employing Golgi's method, which blackens the
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F1G. 178, —TRANSVERSE SECTION oF THE LIVER oF A Doc. 240, Bile=capillaries biackened according
to the method of Golgi. Techn. No. r1g,

bile. In such preparations it may be seen that the canal-system (lumen)
of the minutest interlobular bile-ducts is continued directly into the
lobules and there apparently forms a network with polygonal meshes.
In reality there are but few true meshes; the network is simulated by
the zigzag course of the bile-canaliculi and the crossing in different planes
of the blind lateral twigs with which they are furnished (Fig. 178).

The ramifications of the entire intralobular system of canaliculi
appear to have little relation to the branching of the cords of hepatic
cells. The latter branch much less than the former and thus, apparently,
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h1':}r1cl1cs of the bile-ducts, of the portal vein, and of the hepatic
veins,

| I'rom the branches of the portal vein, that because they run in the
interlobular connective tissue are called interlobular veins, spring numer-
ous capillaries possessing a width of from 10 to 14 . They penetrate
within the lobules, repeatedly anastomose with one another during their
course, and finally empty into a small vein lying in the axis of the lobule,
the central vein (intralobular vein), visible in transverse and longitudinal
sections even of the uninjected liver (Fig. 177). The central veins rep-
resent the radicles of the hepatic veins and empty into the sublobular
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Fi1G. 160 =HORIZONTAL SECTION OF THE LIVER OF Fic. 181, —HoORIZONTAL SECTION OF THE LIVER oF

A HasmiT, Injected thmmi;h the portal vein. A Car, Injected through the vena cava inferior,
# 40. Three hepatic lobules are representecd, #_4o. Four hepatic lobules are shown. The
The injection mass lled only the branches of the injection mass filled the central vein and the cap-
portal vein (interiobular veins) ; in the upper loh- ilfaries emI:I_;.ring intao it, but did not penetrate to
Rllﬁ ILEPEHE’HE!EL" to the cemtral vein. Techn. the interlobular veins. Techn. No. 118,

o. T18.

zeins, which run along the slightly-flattened side, the so-called base, of
the hepatic lobules (Fig. 182). - :

The relation between the portal-capillaries on the one side and the
hepatic cells and the bile-capillaries on the other calls for especial con-
sideration. Between the meshes of the portal capillary network the
cords of hepatic cells are inserted, consequently the relation of blood-
vessels and gland-cells is a very intimate one; sections show that a
hepatic cell is in contact with capillaries, not only on one but on several
sides (Fig. 183). This is a unique phenomenon, that does not gceur in
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stration of this is afforded by thin sections of rabbit's liver in which the
blood-vessels have been transversely cut (Fig. 185); these also plainly

show that the bile-capillaries run along the surfaces, the vascular capil-

Gland-lumen

=
. Blood-vessels,

#E:tarll.l.-luuu:u {hile-capil-
lary).

FiG. 185, =SCHEME OF AN ORDINARY GLARD-TUBULE (LEFT) AXD OF A HEPATIC-TuBULE (RIGHT).

laries at the corners of the hepatic cells; however, this is not invariably
the case, the bile-capillaries sometimes run along the edges, a behavior

that occurs in particular in man (Fig. 185, X).

x

H].I'E‘ -
capillary.
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FiG. 185.—THIN SECTION 0F THE LIVER OF A RARBEIT, WITH
I5ECTED BILE-CAPILLARIES. > g50. [(The drawing is nef
sehematic.) Two of the hepatic cells are in contact with
four blood-capillaries (1, 2, 3, 4). X. Bile-capillary at the
edge of a hepatic cell.
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Fi16. 186, —FROM A SHAKEN SECTION OF

Human LIvER. ¥ zq0. e, Blood-
eapillaries, at x still containing blood-
corpuscles. &, Interlobular connec-
tive tissue. On the right are five
hepatic cells; the others have fallen
aut of the meshes of the capillary
network., Techn. No. 117.

The branches of the kepatic artery follow the course of those of the
portal vein and ramify only in the interlobular tissue, where they form
capillary networks about the larger bile-ducts and the branches of the
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considerations have shown.

cannot without explanation be compared with the lobules of other glands ;
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F1G. 187, —ScHEME OF A SYSTEM oF Ex-
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The hepatic lobules, on the other hand,
the latter as a rule consist of a tubular
system, of which the excretory duct
leaves the lobule at ome place and con-
tinues into a larger excretory duct, In
the hepatic lobules the excretory ducts
emerge at wmany points on the surface of
the lobule. The accompanying schematic
representations may serve to elucidate
the lobules. Imagine a tubular system ;
alongside the excretory duct runs an
artery, the capillaries proceeding from it
embrace the terminal compartments and
open into a vein running along the base
of the terminal pieces (Fig. 187). This

CRETORY CHANNELS (“ Tusuear Svs. 15 the principle of the behavior of each

TEM "}

of the many tubular systems of which

the liver consists; but there is one peculiarity : the somewhat tortuous
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distinct demarcation of the lobules. FEach tubular system participates in
the formation of several lobules.

THE PERITONEUM.

The peritoneum principally consists of bundles of fibrous connective
tissue and numerous elastic networks ; the free surface is covered by a
simple layer of flat, polygonal epithelial- (endothelial) cells ; the size of
these cells varies according to the stretching to which they are subjected.
The connection with subjacent parts (the parietes, the viscera, ete.) is
effected by loose (subserous) connective tissue; in the peritoneum re-
flected over the small intestine the endothelial cells send delicate processes
into the subserous tissue, that extend into the muscularis.

The connective-tissue bundles are arranged in thinner (in the visceral
peritoncum) or thicker (in the parietal peritoneum, in the mesentery)

Epithelial- {endo-
thelial) cells,

Nuelei of connective-
tissue cells.

FI1G. 150 —FROM THE GREATER OMENTUM OF & RanmT. < 240. The network is formed by large and
small bundles of connective tissue. The wavy striation of the bundles ean only be indistinctly scen,
because the preparation is mounted in damar. At X the epithelial cells olythe opposite surface
can be seenshimmering through. Techn, No. 120,

layers, chiefly arranged parallel to the surface, and interlace in various
directions ; in certain localities (in the greater omentum, in the middle of
the lesser omentum) the bundles form a beautiful network with polygonal
or rectangular meshes. The strands of the network also are covered by
flat epithelial-cells (Fig. 1g0). .

The number of connective-tissue cells among the fibrous bundles is
on the whele not large ; only in young animals are larger groups of cells
found ; they resemble plasma-cells and all probably bear a close relation
to the formation of blood-vessels.
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No. 93.—0Odontoblasts—Remove the teeth from the jaws of a new-
born child ; place them in 60 c.c. of Miiller's fluid ; after six days the
pulp can be easily withdrawn in toto by means of forceps. With the
scissors cut from the upper surface of the pulp a piece the size of a len-
til and tease a little the tolerably tenacious tissue in a drop of Miiller's
fluid ; apply a cover-glass, press lightly upon it, and examine with the
high power. At the edges of the preparation the long processes of the
odontoblasts standing out like hairs will be seen; also scattered, com-
pletely isolated odontoblasts (Fig. 139). In order to preserve, treat
under the cover-glass with distilled water for two minutes, then with pic-
rocarmine ; when the staining is completed, add dilute acidulated glycerol.

No. g4.—Enamel Prisms—These are obtained by teasing portions
of the lateral surface of the teeth of No. g3 in a drop of Miiller’s fluid,
Examine with a high power. The enamel prisms will be found in groups
of three and more; they are distinguished by their dark outlines and
usually indistinct cross-striation (Fig. 138). Mount in glycerol. The
prismatic form of the enamel prisms may be seen in thin sections cut
parallel to the surface of the teeth. Only portions of a section exhibit
regular hexagonal prisms, that is, cross-sections of the prisms (Fig. 138).
The enamel of young teeth may be sectioned without previous decalci-
fication.

No. g5.—Dewvelopment of Teeth—For the study of the early stages
select pig and sheep embryos ; these are the most easily obtained at the
slaughter houses; for the first stage the pig embryos should have a size
of about 6 cm., for the second stage a size of about 10 or 11 cm. For
later stages the inferior maxilla of newborn dogs or cats is very suitable.
Place the heads (or the lower jaws) in 100 c.c. of Kleinenberg's picrosul-
phuric acid for from twelve to twenty-four hours and harden in from 8o to
120 c.c. of gradually-strengthened alcchol. After the heads have lain six
or eight days in go per cent. alcohol, they are to be decalcified in 100
c.c. of distilled water plus 1 or 2 c.c. of nitric acid. When the decalci-
fication is completed, in from three to eight days, harden again in
alcohol. In five or six days cut off the lower jaw and divide it in front
in the middle (larger jaws should be cut vertically into pieces 1 or 2 cm.
long) ; stain the pieces in bulk in borax-carmine. When the staining
and decolorization are completed, the tissue is to be transferred to abso-
lute alecohol, in which it must remain for several days; it is then to be
embedded in liver and sectioned. It is necessary to cut many (2o to
40) thick sections, since only those which pass through the middle of
the tooth, or the anlage of the tooth, can be used. Mount in damar.
Not infrequently in sectioning the enamel organ is lifted from the papilla,
so that a free space exists between the two. The dentine is often stained
in different tones of red; this is due to the different ages of the calcified
and uncalcified strata of the dentine. The objects may also be fixed in
Miiller's or in Zenker's fluid; section-staining in hematoxylin is not
advisable, since too many sections must be stained which on investigation
are found to be useless.
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fixed in 60 c.c. of Miiller's fluid and in two weeks hardened in 5d C.C.
of gradually-strengthened alecohol ; stain with Hansen's hematoxylin :
mount in damar (Fig. 152).

No. 99.—The Mucous Membrane of the Stomach —For topograph-
ical preparations place pieces from 2 to 5 cm. square for six hours in 100
c.c. of 3 per cent. nitric acid. Remove the gastric contents adhering to
the mucous membrane by moving it slowly to and fro in the acid. In a
half hour renew the acid; harden in 60 c.c. of gradually-strengthened
alcohol. Mount thick unstained sections in damar (Fig. 153).

No. 100.—Fresh Gastric Glands —From the fundus of the stomach of
a rabbit just killed cut pieces about 2 em. square and separate the loosely-
attached muscular coat from the mucous mem-
brane. Grasp the latter with forceps at the left
edge and with fine scissors cut very thin strips, 0.5
to 1 mm. thick; tease them in a drop of 0.5 per
cent, salt solution. The body and fundus of the
fundus glands can be satisfactorily isolated without
much trouble. The protoplasm of theparietal-cells
can be distinctly seen (Fig. 191, B), the chief-cells
are invisible. The nuclei may be stained with
picrocarmine and the preparation mounted in dilute
glycerol, The isolation of the pylorus glands can
only be accomplished by very careful teasing.:

No. 101.—/lsolated Gastric Epithelium—Place
picces 1 cm. square of gastric mucous membrane
Fic. igr.—Lower Haweor  for about five hours in 30 c.c. of Ranvier's alcohol

AN IsoLATED  Funpus- FELE
GLAND OF A RAuaIr. X (see further p. 29). In the majority of the cells
] lal- 1 £l e e
membrana propria. the mucous portion occupies a large division and
they have the appearance of those pictured in
Fig. 15, ¢. The preparation may be stained under the cover-glass with

picrocarmine, and mounted in diluted acidulated glycerol.

No. 102.—Gastric Glands.—The stomach of a cat or dog that if
possible has been fasting for one or two days is especially recommended.
The stomach of the rabbit, on account of the very small size of the chief-
cells, is less suitable. Dissect off the mucous membrane from the mus-
cular coat and place pieces of the former about 1 em. square in about 10
c.c. of absolute alcohol. In about a half-hour transfer them to 20 c.c. of
fresh alcohol. The outlines of the glands can be recognized in moder-
ately thin sections ; the only difficulty is the circumstance that the gland-
tubules are placed very close together. The beginner may not recognize
the glands and may mistake for them the gastric pits lined with clear
epithelium. The stomach of man, which however is suitable for use only
for a few hours after death, exhibits this difficulty in a less degree. For
the study of the minute structure of the glands and of the superficial
epithelium, embed the tissue in liver and cut the thinnest possible
sections.
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detected. Apply a cover-glass; the villi thus become flattened and
appear clearer; the cylindrical epithelium and close beneath this the
loops of the capillary blood-vessels can be distinctly seen.  If the epithe-
lium contains goblet-cells, these appear as bright shining rounded spots.
For the investigation of the epithelium, proceed as follows ;(—

a, Tease the piece a little ; in this way columnar cells, singly and in
groups, may be isolated, which are to be examined with the high power.
Not infrequently some columnar cells are found inflated and of a spherical
form. The basal border sometimes shows very distinct rods.  Goblet-
cells, when present, may be recognized by their homogeneous appearance
and if carefully focused the sharply-outlined orifice may be perceived.
Occasionally the epithelial-cells are difficult to loosen from the basement-
membrane ; in such cases make a second investigation an hour later,
when the epithelium will be sufficiently macerated to be brushed off,

o. For permanent preparations place pieces (1 cm. square) of the
intestine in 30 c.c. of Miiller’s fluid. In three or five days take the tissuc
out, scrape it with the tip of a scalpel, and distribute a little of the
scrapin%‘ in a drop of diluted glycerol; cover-glass ; high power (Fig.
161, A).

No. 105.—Sections of the Swmall [ntestine.—Flace pieces from 2 to
4 cm. long of the intestine of a rabbit, better, of a puppy or a kitten, in
100 or 200 c.c. of 3 per cent. nitric acid. After six hours the pieces
are to be hardened in 100 c.c. of gradually-strengthened alcohol. Sec-
tions can be made through the entire intestinal tube ; in most cases, only
fragments of the villi are thus obtained ; to obtain entire villi, with a razor
cut open tlie hardened intestine along its length, pin it with needles on a
cork-plate, with the mucosa uppermost. The villi can then be seen with
the unaided eye. Cut thick cross-sections, stain them for one minute
with Hansen's hematoxylin and mount in damar. Goblet-cells are
very frequently found in the epithelium (Fig. 161, B). Staining in bulk
with borax-carmine is highly recommended.

The human intestine, before being placed in the nitric acid, must
be cut open and washed in the same fluid. It is advisable to pin pigces
about § cm. square to a cork-plate and thus to place them in the fixing
and hardening fluids. If the intestine is not absolutely fresh, the entire
superficial epithelium loosens so that the naked connective-tissue villi lie
exposed.

Horizontal sections of the intestine furnish very beautiful pictures.
Not infrequently the cross-sections of the glands drop out and then only
the connective-tissue tunica propria remains. In these preparations the
goblet-cells all appear as clear bodies of equal size and therefore afford
no clue in regard to the functional state of the cell.

For the latter purpose the following is recommended :—

No. 106.— Triple Staining of the Intestine—Small pieces of tissue
are to be fixed in Flemming's mixture (p. 22), hardened in gradually-
-strengthened alcohol, and subsequently treated according to the method
given on page 40, I10.
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for horizontal preparations, which with the low power and change of
focus are very instructive. For this purpose pieces of the large intestine
I cm. square may be transferred from absolute alcohol to 5 c.c. of
turpentine for clearing and mounted in damar. It is also easy to strip

the muscularis from the mucosa and to mount the separate coats in
damar, k

No. 111.—Auerback's and Meissuer's Plexus—For this purpose in-
testines with a thin muscular coat are preferable, therefore the intestine
of the rabbit and guinea-pig (not of the cat) are especially suitable. It is
not necessary that the object be absolutely fresh ; the small intestines of
children several days after death can still be used. Prepare 200 c.c. of
a dilute solution of acetic acid (10 drops of glacial acetic acid to 200 c.c.
of distilled water). Then separate a piece (from 10 to 30 em. long) of
the small intestine from the mesentery. Cut it off and with the finger
lightly press out the contents; tie the lower end of the intestine and fill
it from the upper end with the dilute acetic acid; tie it above and
place the whole piece in the remainder of the acetic acid. In one hour
change the fluid. In twenty-four hours transfer the intestine to dis-
tilled water, with scissors open it along one side of the line of attach-
ment of the mesentery and cut off a piece 1 ecm. long. The muscularis
can be readily separated from the mucosa with the aid of foreceps ;
they are only firmly united at attachment of the mesentery.

a. Plexus Myenterieus—If a piece of black paper be placed under
the glass dish containing the tissue, the white nodal points of Auerbach’s
plexus can be seen by the unaided eye. Transfer a piece of the muscu-
laris, about 1 em. square, in a drop of the dilute aceticacid to a slide ; ex-
amined with the lower power it furnishes a very pretty picture (Fig. 167,
A). If it is desired to preserve thepreparation, place the tissue for one
hour in 30 c.c. of distilled water, which must be changed several times,
and then for from eight to sixteen hours in 5 or 10 c.c. of a 1 per cent.

.osmic acid solution, &z #ie dark ; wash the piece quickly in distilled water
and mount in diluted glycerol. The osmium preparations are not as
beautiful as the fresh ones in the acetic acid. In the guinea-pig both
strata of the muscularis can be readily separated (if the intestine is abso-
lutely fresh on being filled with the dilute acid); the plexus remains at-
tached to one stratum. Pieces of this should be placed for one hour in
distilled water, then treated with gold chlorid (p. 43), and mounted in
damar. The gold-chlorid treatment is less adapted to human intestines,
since both the muscular layers are likewise stained red and partially con-
ceal the plexus. The firm union of the muscular strata in the human
organ may be due to the age of the object.

b. Plexus Subnucosies—With a scalpel scrape the epithelium from*
the isolated mucosa ; place a piece about 1 cm. square on a slide ; apply
a cover-glass, press uponit slightly, and examine with the low power (Fig.
167, B). To preserve the preparation, proceed as in No. 111, a7 but it
is advisable to span the pieces on cork and before transferring them
from the ninety-five per cent. alcohol to the bergamot oil, to press them
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No. 115.—Hepatic Lobules—Place small pieces (about 2 em, cubes)
of a pig's liver in from 30 to 50 c.c. of absolute alcohol, The majority
of the lobules are hexagonal; they can be seen on the surface of the
liver by the unaided eye and after a moment become distinctly visible on
the cut surface. The section of the central vein also becomes visible. In
about three days sections can be made ; stain them with Hansen’s hema-
toxylin. The division into lobules can be well seen with the low power,
but the hepatic cells as well as the bile-ducts are less satisfactory for
study. Better for this purpose is the following.

No. 116.—FHuman Liver.—Place pieces about 2 cm, square, as fresh
as possible, for four weeks in 200 c.c. of Miiller's fluid for fixation and
then in 100 c.c. of gradually-strengthened alcohols for hardening. Ex-
amine unstained sections (cut parallel and also vertical to the surface) and
stain others with Hansen's hematoxylin and eosin: mount in damar.
The demarcation of the lobules is not distinct, because of the slight
development of the interlobular connective tissue, The division into
lobules may be more readily perceived on macroscopic inspection, than
on investigation with the microscope. For orientation the beginner
should recall that isolated sections of blood-vessels always represent in-
tralobular veins ; while groups of such sections represent branches of the
portal vein, of the hepatic artery, and of the bile-duct. FExact trans-
verse sections of central veins may also be recognized by the cords of
hepatic cells radiating from them (Fig. 177). For the study of the
structure of the gall-bladder as well as of the larger bile-ducts, only
absolutely fresh livers can be used, since the alkaline bile permeates the
walls of the gall-bladder soon after death, stains the tissue yellow, and
renders it unfit for microscopic investigation.

No. 117.—To demonstrate the capillaries and the intralobular con-
nective {isswe, which in ordinary preparations are scarcely visible, shake
a number of thin double-stained sections of human liver (No. 116) for
from two to three minutes in a test-tube half filled with distilled water,
The liver-cells in part fall out ; the edges of the preparation are then to
be examined in a drop of water (Fig. 186). This preparation can be
mounted in damar, but the more delicate connective-tissue fibers disap-
pear therein.

No. 118.— Blood- Vessels of the Liver.

a. Chloroform a rabbit and quickly place a 2 cm. cube of liver
(without allowing much blood to flow from it) in 50 c.c. of absolute al-
cohol. In two days the natural injection can be seen on the surface ; it
is indicated by brown spots within the centers of the lobules. Cut thick
sections parallel to the surface and mount them unstained in damar.
Examine with a low power. Very frequently only the superficial strata
of the liver contain filled blood-vessels.

#. Of all injections that of the liver is most easily accomplished.
Inject Berlin blue (p. 43), either through the portal vein or the inferior
vena cava ; in the latter case it is advisable to make an incision above







ViI. THE RESPIRATORY ORGANS.
THE LARYNZX.

The mucous membrane of the larynx is a continuation of the pharyn-
geal mucous membrane and like this is composed of an epithelium, a
tunica propria, and a submucosa, which latter connects the mucous
membrane with underlying parts. The mucous membrane over nearly
the whole of the organ is covered by a stratified ciliated columnar epi-
thelium ; the ciliary wave is directed toward the cavity of the pharynx.
On the true vocal cords, on the anterior surface of the arytenoid cartilages
and on the laryngeal surface of the epiglottis the epithelium is of the
stratified scaly variety. The funica propria consists of numerous elastic
fibers and of fibrous connective tissue, which in the lower animals is con-
densed to a membrana propria immediately beneath the epithelium.
The tunica propria is the site of a varying number of leucocytes ; in dogs
and cats, solitary nodules (p. 125) are found in the mucous membrane
of the ventricle of the larynx (Morgagni). Papille mainly occur in the
mucous membrane clothed with stratified squamous epithelium ; on the
free border and on the lower surface of the vocal cords the papilla are
merged in longitudinal ridges. The submucosa contains branched tubu-
lar mucous glands from 0.2 to 1 mm. in size.

The cartilages of the larynx principally consist of the hyaline
variety, which in a measure exhibits the peculiarities of the costal cartil-
age. The hyaline cartilages are the thyroid, the cricoid, the greater
portion of the arytenoids, and often the triticeous cartilages. The epiglot-
tis, the cuneiform cartilages (Wrisberg), the cornicular cartilages (San-
torini), the median portion of the thyroid, and the apex and vocal prqcess
of the arytenoid cartilages are of the yellow elastic variety. Occasion-
ally the triticeous cartilages are composed of fibro-cartilage. Between
the twentieth and thirtieth years of life ossification (chiefly endochondral)
begins in the thyroid and the cricoid cartilages.

The larynx is richly supplied with éleed-vessels and nerves. The
blood-vessels form two or three networks extending in planes parallel
to the surface and a close subepithelial capillary plexus.

The hmpli-vessels form two communicating networks also extending
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this broad opening is termed dase—but also is in direct communication
with neighboring alveoli by means of minute canals, the so-called pores.

The entire respiratory division is separated by areolar tissue into
lobules from 0.3 to 3 cm. in size. All the branches of the excretory
division to a diameter of from 1.5 to 1 mm. and less lie between the
lobules, as ** interlobular ducts.”

The minute structure of the broneld in the largest branches does not
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FI1G. 194.—CROSS-SECTION OF A BRONCHUS, Two MILLIMETERS Tuick, oF & CHILD. 3 70
Techn. No. 123.

differ from that of the trachea. Gradually modifications appear, which first
involve the cartilages and the musculature. The C-shaped ring cartilages
are replaced by irregular plates lying on all sides of the bronchial wall.
They diminish in size and thickness with the decrease in the diameter of
the bronchi and disappear in bronchioles 1 mm. in diameter.

The smaoth muscle-fibers are circularly disposed in a continuous
layer lying within the cartilages and form a complete investment for the
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epithelim.  The transition of the cubical epithelium into the respiratory
epithelium is not abrupt, but occurs in such wise that at one extremity
of the bronchiole cubical, at the other extremity respiratory epithelium
is found, or that groups of cubical cells are surrounded by respiratory
epithelium and the reverse. Hence the respiratory bronchioles contain
a mixed epithelium (Fig. 195 and Fig. 196, A).

Cubical and flat epithelial-cells. Cubical and flat epitlielial-cells,

F1G. 196 —=From SECTIONS 0F HUMAN LUNG (A axp B), AN (C), oF Lunc of A KirTes Nine Davs Oup,
2 2o, A, Mixed epithelium of terminal bronchlole. B and & Alveoll deawn with change of locus,
The margin of the alveolus is shaded; it can be seen that the epithelinm covering it is like that jn the
depth of the alveclus (the light portion); the nuclei of the cells are not visible, Techn, No. 124.

The epithelium of the aloeolar ducts and of the alfocoli is the same
as the respiratory epithelium of the bronchioles. The developmental
history teaches that the smaller nonnucleated plates originate from
cubical epithelial-cells that become flattened by inspiration, that is, by the
inflation of the alveoli and the stretching of the alveolar wall. The
larger plates are formed by the subsequent blending of several smaller
ones. The alveoli of old embryos and of stillborn children contain only
cubical cells. The walls of the alveolar ducts and of the alveoli, in ad-
dition to the previously-mentioned muscle-fibers in the former, are com-
posed of a delicate fibrous framework and many elastic fibers. The lat-
ter are circularly arranged in the alveolar ducts; at the entrance to the
alveolus (the base) the elastic fibers form a thick annular band or ring,
while delicate convoluted fibers occur in the entire wall of the alveolus.
The elastic rings of neighboring alveoli grow together at the points of
contact and thus form the alveolar septa.

The interlobular connective tissue occurring between the lobules of
the lungs in the adult contains, besides fine elastic fibers and a few con-
nective-tissue cells, black pigment-granules and minutest particles of car-
bon that have come there by inhalation. In children the interlobular
connective tissue is more richly developed and the demarcation of the
lobules more distinct.
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nish a deep capillary plexus for the muscles and the glands, a superficial
plexus for the tunica propria. These capillaries are taken up in part by
the bronchial veins, in part by the pulmonary veins.

Of the lymphatic vessels two groups are recognized, a well-developed
superfictal plevus beneath the pleura and a wide-meshed deep plexus in
the interlobular connective tissue, From these networks small stems
furnished with valves proceed, which follow the bronchi and emerge at
the hilus, where they connect with the bronchial lymph-nodules (see
also p. 122).

The numerous nerves of the lungs, derived from the sympathetic
and the vagus, contain medullated and nonmedullated nerve-fibers and
small groups of ganglion-cells. The nerve-endings stand chiefly in re-
lation to the walls of the blood: vessels.

THE THYROID GLAND.

The thyroid body in its anlage is a compound tubular gland ; its
excretory canal, the thyro-glossal duct, opening at the foramen cecum
of the tongue, with the exception of a few atrophic remains was oblit-

Tangential section of
tubule; the epithe-
linm wiewed from
the surlace.

Tubule in transyerse
section. 1

Cannective tissue.

Fig. 160, —A LOBULE FROM A THIN SECTION OF THE THyroID GLaxp oF Apurt Max., » 230,
The tubules vary in diameter. Techn. Mo, 1a27.

erated in an early embryonic period ; the network of gland-tubules, that
at first are not hollow, becomes constricted at intervals and resolves itself
into short pieces, the “follicles,” which become bound together into

lobules by loose connective tissue, In the adult the tubules are oval

sacs blind at both ends. The tubules differ greatly in diameter (from
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childhood consists of lobes from 4 to 11 mm. large, which are enveloped
by fibrous connective-tissue mixed with fine elastic fibers. This connec-
tive tissue sends septa into each lobe, by which a subdivision into smaller
(secondary) lobules 1 mm. in size is effected. Each of these lobules
consists throughout of adenoid tissue,
which is more densely developed at
the periphery than in the center, so
ey that a darker cortical zone can be distin-
i M . guished from a lighter medullary sub-
B 1" stance. In the medullary substance
concentrically-striated bodies, varying
greatly in number and size (from 15 to
BRI e 180 p in diameter) are found ; they are
F16. 200.—CORPUSCLE OF HASSALL FROM !

A SECTION OF THE THymus Hopy o . . - e h e
A O e oL IIdSEes of altered epithelial-cells [the

Nuclei of the epi-
thelinl-cells. ®

D AR s '.'
Concentric <% Ba

remains of the epithelial structures which
in an embryonic stage constituted the principal bulk of the organ]. They
are called concentric corpuscles (Hassall).

The #lood-vessels are very richly developed and supply a capillary
system lying in the cortex and in the medulla. The Juplatics likewise
are very numerous; the larger vessels lie on the surface of the organ,
their branches run in the interlobular septa and from here penetrate into
the medullary substance.

At a later period the tissue of the thymus undergoes regressive
change ; the greater part of the adenoid structure disappears and is
replaced by fat.

TECHNIC.

No. 122—The Larynx, the Bronchi and the Dlyroid Gland —Of
animals, the cat is particularly recommended. Expose the bronchi above
the manubrium : cut them and the esophagus through transversely and
dissect both loose upwards (see No. g7). The tongue may be removed
with these parts. The thyroid gland should be allowed to remain
attached to the larynx. The whole is to be placed for from two to six
weeks in 200 or 400 c.c. of Miiller's fluid, then washed for one hour in
running water and hardened in zoo c.c. of gradua]ly-strengthtfned
alcohol.  In about eight days cut sections, transverse and longitudinal,
through the vocal cords and through pieces of the trachea ; stain them for
five minutes in Hansen's hematoxylin and mount in damar. Particularly
instructive are sections taken transversely through the vocal cords, in
which the mucous membrane, glands, muscles, blood-vessels, nerves, and
cartilage furnish material for the most varied study.

No. 123.—7he Bronchi—From an animal just killed (rabbit)
remove the lungs, fix them in Miller's fluid and harden them in gradu-
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be fresh), cut a flat piece about 1 em. square, spread it out with needles
on a dry slide, apply a cover-glass and treat with two drops of potash
lye diluted one-half with water; the diluted lye destroys all parts
excepting only the elastic fibers, the thickness and arrangement of which
may be easily investigated with the high power (240 diameters),

(&) Permanent Preparation.—Fix 1 or 2 em. cubes of lung in abso-
lute alcohol (§ 4, p. 30) for forty-eight hours, stain thick sections in
orcein (p. 40) and mount in damar (Fig. 197).

No. 126.—0Blood-vessels of the Lungs—Inject the lung from the
pulmonary artery with Berlin blue; fix it in Miiller's fluid, and harden
it in alecohol. Cut thick sections, principally parallel to the surface of
the lung (Fig. 198).

No. 127.—The Thyroid Gland.—Thin sections of the gland, har-

. dened in toto (see No. 122), are to be stained with picrocarmine and

mounted in damar (Fig. 19g9). The retracted colloid masses stain an in-
tense yellow. Examine thick sections in glycerol, in which the lymph-
vessels filled with colloid substance are often distinctly visible.

No. 128.—7he Thymus Body.—Place the thymus body of a young
animal in Miller's fluid for from two to five weeks and harden it in
gradually-strengthened alcohol. Stain sections with Hansen's hema-
toxylin ; mount them in damar (Fig. 200). Care should be taken not
to confuse the cross-sections of the blood-vessels, the lumina of which
change in elevating and depressing the tube (when they are not true
cross-sections), with the concentrically-striated corpuscles of Hassall.
The preparation represented in Fig. 201 is from a thymus body fixed in
Flemming's mixture and stained with safranin.
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284 HISTOLOGY.

THE URETERS.
The wreters, the calices, and the pelvis of the kidney are composed

of three coats, (1) the mucous coat, which lies innermost, (2) the muscular
coat, and (3) surrounding this the outer fibrous coat (Fig. 212),

Fibreus coat.

Muscular coat,

Mucous coat.

Fig. 212, —TrRANSVERSE SECTION oF THE Lower Havr or A Husman UreTER., X 15 ¢, Epithelium ;
¢, tunica propria; £ submuocosa; § inner longitudinal muscle-bundles; =, circular layver of muscle-

bundles; 4, accessory outer longitudinal muscle-bundles, Techn, No. 135,

The tunica propria of the mucous membrane consists of delicate
connective-tissue fibers, which, richly interspersed with cellular elements,

Columnar cells.

Leucocyle.

__ Tunica propria.

Fic. 213.—PorTION 0F A VERTICAL SEcTIoN oF o Husax Vesicar Mucous MEMBRANE. X 560,
Techn. No. 136.

pass without sharp demarcation into the tissue of the submucosa. The
epithelium covering the tunica propria is the so-called ‘* transitional




ey

THE URINARY ORGANS, 285

epithelivm " ; that is, a stratified scaly epithelium composed of but few
layers, of which the uppermost layer consists of cylindrical or cubical,
only slightly-flattened elements. Oceasionally, instead of the latter, large
plate-like cells are present, which contain several nuclei that have arisen
by amitotic division (p. 60, remark 7).

The muscular coat consists of an inner longitudinal and an outer
circular layer of smooth. muscle-fibers, which in the lower half of the
ureter possesses an additional discontinuous outer layer of longitudinally-
arranged muscle-bundles.

The fibrous coat consists of loosely-united connective-tissue bundles.

The mucous membrane of the calices is continued over the surface
of the renal papille, the circular muscle-fibers form a sphincter muscle
around the papillz.

The &lovd- and the Ounpli-vessels are especially numerous in the
mucous coat. The werves are principally distributed to the muscular
coat ; single fibers extend into the tunica propria as far as the epithelium.

THE URINARY BLADDER.

The urinary bladder likewise consists of a mucous, a muscular, and
a fibrous coat. The epithelium resembles that of the ureter and the
pelvis of the kidney in every particular; a distinction from these is
impossidle.  The tunica propria occasionally contains solitary lymph-
nodules. The muscular coat consists of strata of smooth muscle-fibers,
an inner and an outer longitudinal layer, which enclose between them a
circular layer. The layers interlace in such a manner that it is not
possible to define their exact limits. At the base of the bladder the inner
longitudinal layer is augmented, the circular layer forms the not always
distinct internal vesicaI1 sphincter. Blood- and lymph-vessels comport
themselves as in the ureter; microscopic groups of ganglion-cells are
situated along the course of the nerves.

In the tunica propria of the lower division of the pelvis of the
kidney, of the upper portion of the ureter, and of the bladder round or oval

bodies occur, that have been erroneously regarded as glands. They are

sprouts of the surface epithelium, possess the same structure, are without
a lumen, and occasionally even have severed their connection with the
superficial epithelium.,

THE URETHRA.

The female urethra is composed of a mucous coat and a robust
muscular coat. The tunica propria consists of delicate fibrous connective
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THE FEMALE REPRODUCTIVE ORGAKS. 300

and thus in the course of development three essentially different parts of

the mucosa may be distinguished :—

(@) The decidua serotina (decidua basalis), the area of the mucosa
to which the avum is attached (placenta uterina).

(6) The decidua vera, which comprises all the remaining portion of
the mucosa attached to the wall of the uterus.

(¢) The decidua reflexa (decidua capsularis), the portion of the
mucosa which projects into the cavity of the uterus and encapsules the

ovum.
The decidua serotina and decidua vera undergo progressive develop-

Amnion.

Charion.

Compact laver.

Cavernous layer.

Museularis.

FiG, 232.—VERTICAL SECTION THROUGH THE WaLl oF a UTeErRus ABoUT SEvVEN MontHs PREGHANT,
WITH THE FRTAL MEMBRANES I8 S51TU. Between amnion and chorion are thréads of the inter-
mediate gelatinous connective Lissue, 3 3o.—(Schager. ]

ment during the entire course of pregnancy and persist until its close ;
the decidua reflexa becomes gradually attenuated and disappears in the
course of the fAfth month.

A section of the greatly-thickened mucosa (decidua vera and
decidua serotina) shows the same histologic details that have been
described in the menstrual decidua, but with this difference, that the
progressive alterations (proliferation of the connective-tissue elements,
distention of the blood-vessels and glands) attain much greater propor-
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348 HISTOLOGY.

strengthened by contributions from the intramuscular connective tissue
of the ciliary muscle and from the elastic tendons, also with accessions
in a lesser degree from the sclera, blend with the iridal processes. The
tissues participating in the formation of the lonse mass of fibers occupy-
ing the angle of the iris are derived from the structures that meet one
another at the irido-corneal angle : cornea, sclera, iris, and ciliary muscle.
The posterior endothelium of the cornea continued on to the surface of
the iris forms a sheath for these fibers. The spaces between them, that
stand in open connection with the anterior chamber of the eye and con-
tain the same fluid, are called the spaces of Foutana. In man they are
scarcely developed.

THE TUNICA INTERNA.

The refina extends from the entrance of the optic nerve to the
pupillary margin of the iris and in this tract three zones may be distin-
guished : (1) the pars eptica retine, the entire expanse of the optic nerve ;

— 1. Pigment layer |
{nmot shown).

114 ted A atil i 111 | :|-.'| TR
B h : I ) 1 N — 2. Laver of rods
| ! I i 1 and cones.
* — 3. Membranalim-
ilans cxterna. T
. ithelial
AVEE.

v 4. Outer granule |
layer.

Capillary. = Juver

e, — =, Inner granule

I layer.
g

& Inner reticalar | Cerebral
linyer. layer.

b — . Ganglion-cel|

] LY s Ia{;r.
P iy == = e T — 10, Nervesfiber
layer.

Pyramidal expansion of a radinl-fiber.

Fic. 260, —VERTICAL SECTION oFf A HuMaAN RETINA, FROM THE POSTERIOR PORTION OF THE EVEBALL,
© o goo.—{Affer Schager.) .

(2) the pars ciliaris retine, extending from the ora serrata to the ciliary
margin of the iris ; (3) the pars éridica retine, which covers the posterior
surface of the iris from the ciliary to the pupillary margin.

The pars optica retine, the portion of the retina alone sensitive to
light, lines the entire posterior segment of the eyeball and extends to
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374 HISTOLOGY.

incision through all the coats of the eye at the equator ; thus the vitreous
humor escapes into the watch-glass. Then with scissors separate from
the point of incision the entire cornea, place it on a slide with the con-
cave surface upward and with the handle of the scalpel scrape off the
ciliary body, iris, and lens, which is easily done; transfer the cornea
thus cleansed to a second watch-glass containing from 3 to 10 drops of
the vitreous humor and from 3 to 4 drops of a - per cent. methylene
blue solution (p. 25). The concave surface of the cornea should be
uppermost and covered by the staining fluid.

The time required for staining cannot be given with certainty ; there-
fore it is advisable after several hours to place the cornea with the convex
surface up on a clean slide and, without a cover-glass, to examine it with
the low power ; if it is not sufficiently stained return it to the watch-
glass and examine it again in about ten minutes.

So soon as the nerves can be distinctly seen the cornea is to be
transferred for from eighteen to twenty hours to 20 c.c. of the ammonia
solution (p. 3g); then cut out a quadrant and mount it in dilute glycerol,
to which a drop of the ammonia-solution has been added ; after being
kept in the dark for twenty-four hours the preparation is sufficiently
transparent and can be investigated with the high power.

No. 180.—Lens-fibers—Cut the eye-ball open back of the equator ;
remove the vitreous body and lens; thus the pigment covering the
ciliary processes remains attached to the margin of the lens. Loosen
the lens from the vitreous body and place it in 50 c.c. of Ranvier's
alcohol (p. 20). In about two hours thrust needles into the anterior and
posterior surfaces of the lens and strip the capsule up from a small area ;
this is easily done ; if lens-fibers are attached to the capsule it does not
matter. On pricking the lens a turbid white fluid escapes; shake the
aleohol and let the lens remain in it for from ten to forty hours. At the
expiration of this time the lens can be easily separated into shell-like
pieces. Tease a small strip of one of these pieces in a small drop of salt
solution on a slide (p. 19). Apply a cover-glass, taking care to avoid
pressure ; if it is desired to preserve the fibers, stain with picrocarmine
(staining usually occurs in a few minutes), and mount in dilute acidulated
glycerol (Fig. 267, A).

No. 181.—Lens-fibers in Transverse Section.—Flace a lens in 50 c.c.
of 0.05 per cent. chromic acid. A cloth or a little cotton must be placed
on the bottom of the bottle or the lens will adhere to the glass and burst.
This may also be prevented by frequently shaking the bottle. In from
twenty-four to forty-eight hours with a needle break the lens into shell-
like pieces, transfer them after ten or fifteen hours to 30 c.c. of 70 per
cent. alcohol, which is to be replaced on the following day by an equal
quantity of go per cent. alcohol. With the scissors cut the pieces through
in the region of the equator, and so embed them in liver that the first sec-
tions will pass through the zone lying next to the equator. If the section,
which need not be very thin, has passed through the fibers transversely
they will appear as sharply-defined hexagons; if, on the contrary, the
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386 HISTOLOGY,

The wetns of the labyrinth follow three separate paths :

1. The wvena agueductus wvestibuli runs through the aquseductus
vestibuli ; it collects the blood from the semicircular canals and from
one portion of the utriculus ; it opens in the sinus pretrosus superior
(Fig. 281).

2. The wena agqueductus cocllee runs through the aquaductus

Arterin vestibularia.

! Ampulln
Arteria cochlearis communis. SUperior.

/

_ Duoetus semicircularis

Arterim superior.

labyrinth.

Ampulla lateralis.

Vena aquesductus

vestibuli. |
Ductus semicircularis
Interalis.

Vena auditiva interna

F ]

Arierincochladris i ior i FPosterior Ampulla Ductus semicircularis 1

propria. / ?ltpcrtnr : Iul'cnmd Anterior : Ll pocstzrinr. P eriy g
Arteria vestibulo-cochleari=. Vena spiralis. Vena vestibularis. .

Arteria mcllle;uix CoOmmunis. Vena aguseductus cochlexs ]

MEDIAN AND POSTERIOR
F1G. 281.—ScHEME.  BLODD-VESSELS OF THE RIGHT HUMAN LABVRINTH.
AspecT & c. Ducwis cochlearis. 5. Saccuolus. £ Utriculus, 1. Duclug reuniens. 2. Dnectus
utriculo-saccularis. The saccus endolymphaticus is cut off.

cochlea ; it collects the blood from one portion of the utriculus, from
the sacculus and from the cochlea. The venous radicles in the cochlea
behave in the following manner : The veins collecting at the was prom-
inens and at the vas spirale (Fig. 282, a, &) pass in the wall of the sc‘ala
tympani to the spirally-running wvena spiralis, lying I?elo\v the. spiral
ganglion ; this originates from the confluence of two veins, of which the
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