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PREFACE

THE general plan and scope of this outline of histology are the
result of experience in teaching this subject to students of medicine
under conditions which require economy of time. In order to
accomplish the greatest amount of instruction under these cirenm-
stances it seemed necessary to present, early in the course, certain
generalizations which might be kept constantly in mind and assist
the memory in retaining facts by showing their logical correlation,
The broad ideas of almost universal applicability which were
chosen for this purpose were : first, the conception of the cell as the
active constituent of tissues ; second, the general rule that the ele-
mentary tissues are composed of cells and intercellular substances,
and that their differences depend upon the proportions or characters
of those constituents ; third, that the stroctural details of the dif-
ferent tissues are intimately correlated to their usefulness—i, ¢
that function and structure are mutually dependent npon each
other, being but two aspeets of a single deviee or arrangement;
and, fourth, that the ability of tissues to perform aetive functions
ig, in the main, roughly proportional to the number or size of the
eells entering into their structure.

The author believes that his experience has shown that the early
introduction of these fundamental ideas has been a distinet aid to
the student ; and it i= his belief that such would also be the ease no
matter to what limits the course of instruction in this subject might
be extended.

In the elaboration of these ideas the author has been in the habit
of arbitrarily {]iviﬂing the activities of the cells of the hody into
four theoretical groups: the reproduetive activities, leading to the
production of new cells ; the formative activities, through which the
structural modifications resulting in the formation of different varie-
ties of tissue were bronght about ; the nutritive activities, maintain-
ing the integrity of the tissues already formed ; and the [funetional
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NORMAL HISTOLOGY.

INTRODUCTION.

Durixa life all parts of the human body are the seat of constant
activity. This is a fact too readily overlooked by the student who
gains his knowledge of the structures of the body by a study of the
tissues after death. To make that study of use to him in his medi-
eal thinking he should constantly bear in mind that he is viewing
the mechanism of the body while it is at rest, and, furthermore,
that the methods employed in the study of the minute strncture of
the parts not only arrvest the normal activities of those parts, but
expose them to mutilation. He must, therefore, constantly supple-
ment the knowledge of structure he gains by his histological studies
by reealling to mind and applying that which he has acquired by
a study of physiology, habitually associating his ideas of structure
and functional activity, until he can hardly think of what a struet-
ure is without at once recalling what it does. This he cannot do
till he has mastered at least the general outlines of systematie
anatomy and of physiology. Those two fundamental subjeets are
brought together by an intelligent study of the minute structure of
the body, histology, which, for this reason, has also and appro-
priately been called phy=iological anatomy.

But the student of medicine must go beyond this, To the con-
ception of the body during health, which he has formed by this
thoughtful method, he must then add a conception of the influence
exerted, both on the structure and activities of the body, by ab-
normal conditions which disturb or thwart the usual working of
that complex mechanism. The more closely he ean make those
conceptions agree with observed facts, the more perfect will become
his ability to interpret the physieal signs and symptoms of disease,

2 17






INTRODUCTION, 19

tain its own nutrition, incorporating the food-materials that are
accessible to it and using them in such a way as to keep its struct-
ure in a normal condition. DBut, aside from this duty which is com-
mon to all, each part has a duty to perform for the good of the
whole organism ; and, as we shall see, this duty often appears to be
paramount, the activities which it necessitates being ecarried on
even if they invelve a saerifice in the nutrition or structure of the
individual part.

Each part of the body has some particular kinds of work assigned
to it, which constitute its funetions, and which it performs for the
benefit of the whole body. The development and life-history of
each part has direet reference to those funetions, through which it
co-operates with all the other parts in maintaining the integrity and
normal activities of the whole body, all the parts being interde-
pendent upon each other and subservient to the general needs,

The foregoing considerations prepare us for the fact that the
structure of the various parts of the body differs in its details.
The study of those finer details ean only be pursued with the aid
of the microscope, for the microscopical constituents of the tissues
are the elements which confer upon them their particular properties
and powers. This study is ealled histology.

Investigation has shown that there is one form of tissue-element
which is always present in all parts of the body. This is the cell.
It does not always possess the same form or internal structure, but
in all its variations the same general plan of construction is adhered
to. These cells are the essentially active constituents of the tissues,
It is within them that the transformations of matter and energy are
chiefly carried on, and it iz due to their activities that the tissues
forming the body are elaborated and enabled to perform their sev-
eral functions. These marvellous powers possessed by the cell
have created our conception of life, and, in spite of eager study,
remain inscrutable, We do not know why a living cell differs from
a dead cell, but we do know that the mysterious vital powers are
only derived from pre-existent living cells and are not antagonistic
to the chemical and physical laws governing unorganized matter.

All the eells of the body are descendants of a singie cell, the egg,
from which they arise by successive divisions, and throughout the
existence of the body they retain some of the characters of the
original cell. But as the body develops the cells of the different
parts display divergent tendencies, which finally result in the for-
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this stage of development, there iz a cellular sae, containing fluid,
with a reinforcement of its wall at the region occupied by the primi-

tive entoderm (Fig. 3).

Fis. 2.

Segmoented egg of Petromyzon Planeri @ Surface view of the eollection of ecells. The nuele
are invisible. (Kupiler.)
Subsequent to these events a third layer of cells becomes inter-
posed between the primitive ectoderm and entoderm. Most of its
Fia. 3.

Ovnm of rabbit: a, primitive ecctoderm in seetion; b, primitive ectoderm, surface view .
¢, primitive entoderm ; o, dividing cell of the ectoderm.  (van Beneden. )

cells are derived from those of the primitive ectoderm, but the
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known as the connective tissues, and the entoderm econtains the
cells that build up the linings of the digestive tract, including its
glands, and of the respiratory organs. It appears, then, that this
division of the cells of the embryo into three layers marks a dis-
tinet difference in the destinies of the cells composing those layers.
This distinction persists through life, the tissues arising from a given
layer showing, in general, a closer relationship to each other than
the tissues arising from different layers. DBut this relationship is
not always revealed by a similarity in structure, for the latter is
determined by the funections the tissues arve destined to perform,
and tissues of like function acquire a similarity in structure. Thus,
for example, the neuroglia in the central nervous system resembles

Cross-section of fish embryo. (Ziegler.) o, neural canal, eells encloging it not represented;
b, chorda dorsalis, site of foture spinal column; o, acrta ; B, external layver of meso-
derm; ¢, ¢, body-cavity; d, alimentary canal, not vel completely closed * ® passzes
through the external layer of the mesoderm to its inner surface ; €, deutoplasin, or yolk
of egg.

some of the connective tissues, although one develops from the
ectoderm and the other from the mesoderm ; and the ganglion cells
of the central nervous system differ greatly in structure from the
epithelinm of the skin, nails, ete., and the cells of the neuroglia,
notwithstanding the fact that they all spring from the cells of the
ectoderm. The explanation is to be sought in the similarity of the
usefulness of neuroglia and connective tissue and the difference in
the functions of ga:].gliun cells and those of the other tissues eman-
ating from the ectoderm.

During the early stages of development the cellz of the germinal
layers are very similar in character, although, as we have seen,
their potential qualities are quite diverse. As growth proceeds,
they begin to vary in size, shape, and internal structure in the dif-
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can be liberated when required and directed toward the accomplish-
ment of some definite purpose. The functions of both groups
require an active intracellular metabolism, resulting in the forma-
tion of particular chemical substances. In this they are alike.
But in the first group the production of those substances is, in
itself, the functional purpose of the process, while in the second
group those substances are merely a means for holding energy in
the latent condition. If we may so express ourselves, the first
group utilizes energy for the elaboration of material, the second
group elaborates material for the utilization of energy.

In the adult, under normal conditions, each kind of cell, if it
reproduce at all, gives rise to cells only of its own kind. But when
the conditions are morbid, a sort of reversion may take place, the
progeny of a given cell then showing less evidence of specialization
than the parent cell. Such reverted cells, or their descendants, may
never develop into more specialized cells, or they may regain the
original degree of specialization possessed by the first cell, or, fin-
ally, they may become specialized along some divergent line of devel-
opment, giving rise to a tissue that iz nearly or remotely akin to
that from which they started, according to the degree of reversion
which has taken place. The reversion appears never to extend
further back than the degree of specialization that is marked by
the formation of the three embryonic layers in the history of devel-
opment ; for example, epithelium which springs from either the
entoderm or ectoderm does not revert to a primitive condition from
which it can develop into bone or some other form of connective
tissue normally derived from the mesoderm. Examples of rever-
sion will be met with in the chapters on Inflammation, Tumors, and
Metaplasia,






B ART L.
NORMAL HISTOLOGY.

CHAPTER 1.
THE CELL.

As has been stated in the introductory chapter, the ecells of the
body are not all alike. Most of them have undergone modifications
fitting them for the performance of some definite function, and the
majority of them are in consequence not appropriate objects for a
study of the general characters of a cell. The extent to which this
modification has affected the visible structure of the cell is, how-
ever, very different in the different tissues, and in some of them the
cells retain so much of their original embryonic appearance as to
closely resemble the unspecialized cell.

This is true of the cells of some varieties of epithelivin. But,
though in appearance they give little evidence of specialization, in
their functional activities they display very marked modifications of
the powers of the primitive cell. Some of those powers, perhaps
the nutritive, perhaps the seerefory, have become exaggerated, while
others, e. g., the locomotory, or reproductive, have fallen into abey-
ance, or suffered almost total extinetion.

On the other hand, it is obvious that such cells as constitute the
whole body of unicellular animals must retain all the powers essen-
tial to a living cell in relatively equal states of development. No
one of them can be extinguished or thrown out of its proper bal-
ance with respect to the others if the cell is to remain normal.
And yet, even among the unicellular organisms, certain parts of the
cell may be very evidently specialized for the performance of par-
ticular functions. IFor example, the cilia of infusoria have the

power of executing much more rapid movements than the other
27
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moist earth, upon the surfaces of aquatic plants, and in the soil at
the margins of ponds and sluggish streams,

The body of the ameba consists of a gelatinoid substance which
has received the name protoplasm, or, more definitely, eytoplasm.
Within this eytoplasm and sharply defined from it is a round or
oval, vesicular body, called the nucleus, which in turn contains one
or more particularly econspicuous granules, the nucleoli.

The most superficial layer of the eytoplasm appears perfectly
clear, colorless, and homogeneous. Tt envelops the rest of the eyto-
plasm, which has a granular appearance. The clear peripheral
portion is distinguished as the “ hyaloplasm,” or “ectoplasm ;" the
granular internal portion as “spongioplasm,” or “endoplasm.”
The terms hyaloplasm and spongioplasm are also used in a different
and more restricted sense, as will presently appear.

When viewed under the microscope, the granules of the eyto-
plasm are seen to possess a constant, slight, vibratile motion, the
Brownian movement, to which is added now and then a flowing
movement from one part of the cell to another. At intervals there
is a protrusion of the ectoplasm at some point, extending for some
distance from the body of the cell, a pseudopodinm. This may soon
be retracted again, merging with the rest of the ectoplasm, or some
of the endoplasm may flow into the central portion of the psendo-
podium, converting it into a broad extension of the cell-body. This
may subsequently be withdrawn, or the whole mass of eytoplasm,
with the nucleus, may flow into the pseudopodium, gradually in-
creasing its size, until the whole cell occupies the original site of the
pseudopodium. In this way the animal executes a slow, creeping
locomotion.

These psendopodial movements and the locomotion oecasionally
incident to them appear to be wholly spontaneous, 4. e. dependent
upon internal conditions of which we have no knowledge. They
may, however, be influenced by external cireumstances. Certain sub-
stances evidently attract the amaba, others are either matters of in-
difference to it or repel it. If a psendopodium comes in contact with
some particle in the surrounding medium, it may retreat from it,
appear indifferent to it, or be attracted and proceed to incorporate
it. This is accomplished by the cytoplasm flowing around the for-
eign body and eoalescing on its further side so as to enclose it, It
is then conveyed to the body of the cell, either by eytoplazsmic cur-
rents, by the withdrawal of the pseudopodium containing it, or
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For a similar reason, as already intimated, they can dispense with
the contractile vacuole.

We learn, then, that when we reduce the cell to its simplest
terms, it consists of a mass of eytoplasm enclosing a nueclens.  To
these we must probably add a third essential constituent, the centro-
some, which is a minute granule situated in the eytoplasm. It is so
small that itz presence has not been established inall cells, its detee-
tion in many cells being extremely difficult beeause of the general
granular appearance of the eyvtoplasm in which it Lies. It plays such
an important part, however, in the division of those cells in which
it has been studied, that the inference that it is an essential part of
all cells appears justified.

These three constituents, the eytoplasm, nuclens, and centrosome,
appear to be the essential organs of a cell among which its activities
are distributed (Fig. 7). We do not know how they do their work,

Schematie dingram of a cell: a, ectoplasm gomposed of hyaloplasm ; b, spongioplasm ; e,
ehromozsome, composed of * ehromatin,” and forming a part of the intranuclear reticu-
Tum : between these chromatic fibres is the achromatin; o, hyaloplasm in the meshes of
the spongioplasm ; e, one of the two nueleoli represented in the diagram : f, one of eight
bodies eomstituting the metaplasm represented ; g, centrosome, with radiate arrangement
of the surrounding spongioplasm ; &, nuelear membrane,

but we have a general conception of the distribution of the work
performed by the whole cell among these three organs.
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to consist of a very delicate network or reticulum of minute fibres,
termed the spongioplasm. The points of junction of these fibres
and their optical eross-sections give a finely granular appearance to
the eytoplasm.

In the meshes of the spongioplasm is a elear, homogeneous sub-
stance, the hyaloplasm. This may also contain some granules, but
they are probably not constituent parts of the eytoplasm and are
grouped under the term metaplasm. Some of them are composed
of material taken from without, either in their original form or
slightly modified ; others have been produced within the cell by
chemiecal transformations, and are either uszeful produets, to be =ub-
sequently turned to account by the cell itself or to be discharged as
a secretion, or they are waste matter destined for elimination from
the body.

The relative proportions of the hyaloplasm and the spongioplasm
and the arrangement of the fibres of the latter both vary in differ-
ent cells.!

When seen under the microscope the structure of the nucleus,
except during the division of the cell, closely resembles that of the
eytoplasm. It is traversed by a number of delicate fibres, which
branch and give the nuclens a reticulated appearance, At its sur-
face these filaments unite to form a delicate membranous envelope,
sharply defining the nueleus from the surrounding eytoplasm, but
it is a question whether thi= membrane 1= continuouns, or whether it
is an exceedingly eloze meshwork with minute apertures permitting
a direct communication between the eytoplasm and the interior of
the nuclens.

The spaces between the nuclear filaments are oceupied by a clear,
homogeneous substance, which may be identical and continuous with
the hyaloplasm of the rest of the cell.

One or more highly refracting bodies, the nucleoli, may be pres-
ent in the nucleus, lying freely in the clear substance between the
filaments or attached to the latter. Their purpose is not known,
but it is thonght that they are not essential parts of the cell but
correspond more or less closely to the metaplasm in the cell-body.

I The reticulated appearance of the cytoplasin may also be explained by assum-
ing it to have an alveolar structure, and the theory that such is its actual structure
possesses much plausibility. In that case the visible reticulam wonld be formed by
the walls of the alveoli and their lines and points of intersection, all of which
wounld be included in the spongioplasm, while the contents of the alveoli wonld
constitute the hyaloplasm.

b
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trosomes reach them they are called the polar bodies. In these situa-
tions they are surrounded by a more distinet zone of hyaloplasm
than that which enclosed the original parent centrosome, and beyond
this the spongioplasm is frequently arranged in radiations of unusu-
ally thick fibres. The polar bodies with their clear envelopes and
the prominent radiations about them are collectively known as the
attraction-spheres (Fig. 8).

Dividing eell from ovum of mscariz megalocephalus, (Kostanecki and Sledleeki) a, polar body,
eentrosome, surrounded by a elear zone; b, chromosomes of the dividing nuclens. Be-
tween the polar bodies i= the achromatic spindle, and radiating from each attraction-
gphere are delicate filaments of spongioplasm. The cytoplasm presents indications of
vacuolation.

While the polar bodies are separating, or after they have passed
into the polar regions of the cell, the nucleus begins to show those
changes in structure which constitute karyokinesis. This process
may be divided into a number of phases, as follows :

1. The Formation of the Spirem (Fig, 9).—This consists in a con-
densation of the chromoplasm. The branches of the nuclear fila-
ments are withdrawn into the substance of the main fibres, into
which the nuclear membrane or peripheral network bounding the
nueleus is also absorbed. The vesicular character of the nucleus is
lost during these changes in the arrangement of the chromoplasm,
which appears as a loose tangle or skein of one or more threads
of uniform diameter lving freely in the body of the cell. This
skein is called the spirem. The chromoplasm in this condensed con-
dition stains more deeply with nuelear dyes than in the resting con-
dition of the nucleus. The nucleoli in the meantime become faint
and seem to ultimately disappear. They play no part in the process
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of cell-division, unless they participate in the formation of the
achromatic spindle.

2. The Monaster Phase (Fig. 10).—The threads of the spirem
suffer a rearrangement, resulting in the formation of a sort of
wreath, situated midway between the poles, in the equatorial plane,
i. e,, the plane perpendicular to and passing through the centre
of a line joining the two polar bodies. This wreath iz called the
monaster, because of its star-like configuration when seen from
above. When viewed in profile it appears as a band of fibres lying
in the equator. It is at first made up of a single thread or only a
few threads, but subsequently breaks into a number of similar frag-
ments, called chromosomes. The exact number of these varies in
different species of animal, but is constant for each species and is
always divisible by two. In man it is thought to be sixteen.

The chromosomes are all of nearly, if not quite, the same size,
and, in the same kind of cell, elosely resemble each other in shape.
The most common form appears to be a V-shaped rod lying with
itz angle directed toward the centre of the wreath or monaster.

3. Metakinesis (Figs. 11, 12, 16).—In this phase ot karyokinesis

Karyokinetic figures in epithelial cells. From a earcinoma removed by operation. (Lustig
and Galleotti.)

Fig. 15.—The centrosome has divided, but the nuelens is still in the resting condition.
Five nueleoli are represented within the nuclens.
Fig. 16.—Metakinesis, The polar bodies have divided.

the chromosomes split along their axes into two exactly equal parts
of similar shape, and these halves separate, each passing toward
one of the attraction-spheres.

Meanwhile, the structure known as the achromatic spindle has
been formed. This iz a system of fibres resembling those that have
already been described as radiating from the polar bodies, but of
even greater prominence. They are arranged to form a spindle
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linear enlargements of the lines of the achromatic spindle appear
in its equator, and through these a plane of cleavage, dividing the
two new cells from each other, is finally established.

It is rarely that any biological process assumes such mathemat-
ical preecision as is displayed in karyokinesis.  The purpose of that
mode of cell-division appears to be an exactly equal partition of
all parts of the chromoplasm between the voung cells. Whether
the amount of eytoplasm given to the daughter-cells is the same
or different, the division of the chromoplasm is exactly equal, not
only in its whole bulk, but each chromozome, which appears to be
the morphological unit of the chromoplasm, is =split into exaetly
equivalent halves, one of which is contributed to the formation of
each daughter-nuclens, It is for this reazon that the chromoplasm
is looked upon as the carrier of hereditary peculiarities,

After the formation of the daughter-nuelei, the centrosome
usually passes from it into the eytoplasm. It may divide earlier
than has been deseribed, the division taking place while it exists
as the polar body, or even earlier (Fig. 16).

A cell nearly always divides to form two new cells, but some-
times three or more cells may be produced, the chromosomes being
distributed among them (Fig. 19). Such cases are probably

Fra. 19,

Epithelial cell from acarcinoma. (Galeotti.) The centrosome has divided into four portions,
and the chmmusumcﬂ.nrunrmnf.::!d with reference to these, The fgure represents the meta-
kinetic phase of karyokinesis, which will result in the formation of four Imperfect

nueled.

always morbid, and the resulting cells are not wholly the equiv-
alents of the parent cell.

It occasionally happens that the cytoplasm fails to divide after
the formation of the daughter-nuclei, and cells with two or more
nuclei result. When the nuclei continue to multiply and the






CHAPTER II.
THE ELEMENTARY TISSUES.

THE various parts of the body are composed of a small number of
“elementary tissues.” Each of these elementary tissnes has a definite
structure, but the details of that structure may vary within certain lim-
its in different parts of the same mass or in different situations within
the body. Such variations can usually be referred to differences in the
functional activity assigned to the tissue, which is not always exactly
the same throughout the body. For example, epithelium is an ele-
mentary tissue consisting of cells which are nearly always rich in
cytoplasm and are separated from each other by a very small amount
of homogeneous intercellular substance. Wherever epithelinum is
found it has these general peculiarities of structure. But the fune-
tions demanded of epithelium are of widely diverse character in
different situations, and its structure shows a corresponding diversity
in its details. The fact that it is made up almost exclusively of
cells leads to the natural inference that the usefulness of epithelium
depends upon cellular activities. Inasmuch as these may be of
very different character, we should expect the tissue to vary chiefly
in the structure and arrangement of its component eells according
to the particular activity which was needed and the manner in
which it was utilized. Such, as a matter of fact, is the caze. These
considerations will be made clearer if we follow a little more closely
the example offered by epithelium,

In some situations epithelium serves to proteet the underlying
tissues from injury. But the usual injurious influences which
threaten the tissues differ in different parts of the body, and
must, therefore, be averted by different means. Upon the sur-
face of the skin they are chiefly of a mechanical or chemical
nature, and to resist them the eclls of the epithelinm forming the
epidermiz undergo a maodification in strueture, resulting in the
formation of a superficial horny laver which is highly resistant to

abrasion and chemical change. Upon the inner surfaces of the
41
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tract where, by virtue of the ferments they contain, they prepare
the food for absorption. Amnother example of a secretory gland is
furnished by the sebaceous glands of the skin, which produce an
oily substance serving to keep the epidermis upon which it is
discharged soft and pliable.

In- the secretory glands the cells of the functional epithelium
elaborate within their bodies the substances necessary to give the
glandular secretion its peculiar and useful characters. These sub-
stances accumulate within the cells, where they are stored until
required, when they are discharged into the secretion. While in
the stored condition within the cells these substances may have a
different chemical constitution from that which they acquire when
they are discharged from the cells. A simple example of this
chemical transformation is furnished by the liver, in the epithelial
cells of which earbohydrates are stored as glyeogen, to be liberated
as a closely related ehemical substance, glucose. In like manner
the ferments stored in the epithelial cells of the digestive glands
are not fully formed while in that situation, but exist in states
known as “zymogens,” from which the potent ferment appears to
be readily formed when the cells are called upon to furnish it

It is apparent, then, that the elementary tissue, epithelium, can-
not have the same microscopical strueture in all the situations in
which it is found ; but, notwithstanding these variations, wherever
epithelium occurs it presents certain general structural peculiarities
which are eonstant and which distinguish it from the other element-
ary tissues. Similarly, each of the other elementary tissues pre-
sents variations in the detailz of its structure in different sitnations,
but always retains certain general structural characteristices dis-
tinguishing it from all the other elementary tissnes. It is the first
task of the student of histology to learn to recognize and identify
these elementary tissues wherever they oceur and however they may
vary from the type which is first presented to him for study.

In the following chapters an attempt is made to give the student
an idea of the essential structure of the elementary tissues, so that
he may recognize them in specimens which he examines with the
microscope. For this purpose they have been arranged in the
order of their structural simplicity.

When examining a specimen under the microscope with a view
to recognizing the elementary tissues it contains, the student should
habitually ask himself the following questions: (1) What are the






CHAPTER III.
THE EPITHELIAL TISSUES.!

I. ENDOTHELIUM.

General Characters.—(1) The cells possess thin membranous bodies,
except at the site of the nuclens, to enclose which the cell-body is
thickened. (2) The intercellular substance is minimal in amount ;
clear and homogeneous in character. (3) The cells are arranged,
edge to edge, in a single layer. The wavy or denticulate 0r|ge:-.; of
neighboring eells fit into each other, being separated by a mere line
of the intercellular substance which in this tissue has received the
name of * cement-substance " (Fig, 23).

Endothelium forms a thin membranous tizsue composed almost
exclusively of cells. It oecurs in its most isolated form in the cap-
illary bloodvessels, the walls of which are simply tubes of endo-
thelinm, supported externally by the surrounding tissues and fluids
and internally by the enclosed blood. It also covers the tissues
surronnding the serous cavities of the body, where it serves both as
a lining to the cavities and a smooth covering to the organs, dimin-
ishing the friction resulting from their movements against each
other. It does not oceur in any situation where it would be exposed
directly to the external world.

The cells of endothelium vary somewhat in size and shape. They
may be polygonal, diamond, or stellate in form, and during life are
soft and extensible so that their sizes may be modified by stretching
or tension in one or more directions, The cell-bodies, or eytoplasm,
are uzually clear and apparently structureless or only slightly granu-
lar, but oceasionally some of the cells are =maller and more granular
than the majority. This is especially marked in the cells surround-
ing minute apertures that are found here and there in the endo-

! The term * epithelial ¥ is used here in its most inclusive sense to designate
those tissnes which cover surfaces, whether those surfaces are exposed to the outer
world, as, for example, the skin and the mucons membranes, or are wholly enclosed,
as are the inner surfaces of the bloodvessels, lymphatics, and serous surfaces,
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THE EPITHELIAL TISSUES. 49

in composition has led to the inference that the endothelium of the
~capillary walls exercizes an active funetion in determining what
shall pass through it ; that the lymph is a sort of endothelial seere-
tion. It iz diftieult, however, to reconcile this view with the fact
that the endothelial cells are so poor in eytoplasm.

Endothelinm is developed from the mesoderm.

II. EPITHELIUM.

General Characters.—(1) The cells are nearly always large and
rich in granular eytoplasm. They contain distinet round or oval,
vesicular nuelei, of which there is usually only one in each cell.
(2) The intercellular substance is very small in amount and is clear
and homogeneous.  (3) The arrangement of the eells and their size
and shape all vary greatly, giving rise to a number of varieties of
epithelinm, which are classified according to the shape and arrange-
ment of the cells.  In pavement-epithelinm the cells are thin and
arranged in a single layer, not unlike endothelinm. In enbical
epithelinm the cells are thicker and also usually arranged in but a
single layer. In columnar epithelium the cells are prismatic in form
and rest with their bases upon the surface of the tissues beneath.
They are usually separated at their bases by pyramidal cells, so
that the layer of epithelinm cannot be said to consist strietly of but
one layer of cells, and in some situations there are several distinet
layers. In stratified epithelium the cells are superimposed upon
each other to form a layer of cells, the thickness of which is several
times the diameter of a single cell. The cells of the variety of epi-
thelinm ealled eciliated epithelium differ from those of the other
varieties in possessing delieate, hair-like processes which project
from the free surface of the tizsue.

Epithelinm resembles endothelinm in being ecomposed almost
exclusively of cells separated by a minimal amount of intercellular
subztance. Like endothelinm, it is nearly always found covering
other tissues and having one free surface. The two tizsnes differ
greatly in the character of their cells, with one notable exception.
This exception is found in the epithelial lining of the pulmonary
alveoli, where the pavement-epithelinm contains cells that closely
resemble those of endothelinm.  These cells are, however, directly
exposed to the inspired air, while endothelium is only found in situa-
tions where it iz protected from all contact with the external world.

1. Cubical Epithelium.—The cells of this variety of epithelium

1
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2. Pavement-epithelium.—This variety of epithelium consists of
thin cells arranged edge to edge to form a single layer. With the
exception of certain regions on the surfaces of the pulmonary
alveoli, the cells are more eytoplasmic and granular than are those
of endothelium which this tissue in other respects closely resembles,
During feetal life the smaller air-passages and alveoli of the lung
are lined by a pavement-epithelium, the eells of which are nearly
as thick as those of some varieties of cubical epithelium. When,
however, the lung is expanded by the respiratory acts following
birth, many of the cells lining the alveoli become greatly extended
and flattened until their bodies are thin and membranous and their
nuclei inconspicuous or even destroyed (Fig, 50). These greatly
flattened epithelial cells are found covering those portions of the

Fria. 30.

Pavement-epithelium. Surface view of the lining of a pulmonary alveolus ; man. (Kalliker.)
g, membranons cell without o nuelens; b, nucleated granular cell; ¢ cut surface of the
vertical wall of the alveolus, the structure of which is not represented.

alveolar walls in which the capillary bloodvessels are situated and
permit a ready interchange of gases between the air in the alveolar
cavities and the blood ecireulating in their walls. Many of the
epithelial eells covering the tissues in the meshes between the
capillaries retain the cytoplasmic and granular character possessed
before birth and appear capable of multiplying and, perhaps,
replacing such of the thinner cells as may be thrown off or
destroyed,

It will be evident, from the foregoing deseriptions, that there
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the deep ends of the columnar cells, so that they are not strictly
prismatic in form. In eross-section, or when viewed in a direction
parallel to their long axes, the cells have a polygonal form due to
the lateral pressure they exert upon each other (Fig. 33).

The nuclei of the columnar cells are oval, situated nearer the
base of the cell than itz superficial end with their long axes parallel
to those of the cells themselves, and are vesieular in strueture with
a distinetly reticular arrangement of the chromatin filaments,

Columnar epithelium is found chiefly upon the free surfaces of
mucons membranes, but also oceurs in some of the seereting glands,
The minute structure of the cells varies somewhat in different situ-
ations, but the consideration of these minutie must be deferred
until a deseription of the structure of the different organs is under-
taken in a subsequent chapter.

4. Ciliated Epithelium (Figs. 34, 35, 36).—Ciliated epithelium

Fig. 34, T'1es. 35, Fia. 36.

Cilinted epithelinm. (Fronzel.)

Fig. 84.—Cnohical cells with long cilla (kb). The nuclei of the cells are obseured by the gran-
ular eytoplasm.

Fig. 8i.—Columnar cells. The rodded margin, f5, corresponds to the euticle in Fig. 47,

Fig. 36.—Diagram illustrating variations in the structure of the ciliated ends of eells. The
rodded portion, ok to nk, corresponds to the cuticle of other varieties of epithelium,
though the latter do not possess the knobbed ends of the rods represented in this figure ;
My, wilia.

is merely a variety of either columnar or cubical epithelium in
which the free ends of the cells are beset with delicate hair-like
processes, which execute lashing movements in some one direction.
It is found lining the trachea and bronehi, the cilia here serving to
propel toward the larynx such particles of dust as are brought into
the respiratory passages by the currents of air during respiration.
Ciliated epithelium alzo occurs on the lining membranes of the nose
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Upon the free surface they are reduced to thin scales, closely
adhering to each other and their subjacent neighbors, but entirely
devoid of both eytoplasm and nuclens (Fig. 38).

Stratified epithelium is found upon surfaces exposed to friction,
which it serves to protect against mechaniecal injury, and, in some

Fia. 38,

Eiratified epithelinm, cegophagus of the rabhit: o, karyokinetie figure in a cell of the deep
layer, demonstrating the fact that the cells multiply in this region; b, larger fattened
cell nearer the surface; o, horny layer made up of ¢ells that have undergone keratoid
degeneration ; , nnderlying fibrous tissue. In one place, near the centre of the figure,
#ix bload-corpuscles revenl the presence of a small vessel ; g tangential section of n small
fibrons papilla extending into the epithelivm and surrounded by yvoung epithelial cells,

cases, against desiceation. It forms the epidermis of the skin,
and lines the month, cesophagus, rectum, and vagina. In these situ-
ations the scaly or squamous cells of the surface are constantly
being removed by the attrition to which they are exposed, but are
as constantly replaced by fresh cells from the deeper layers of the
epithelinm. Pressure and moderate friction stimulate the multi-
plication of the cells in the deepest layers of the tissue, so that
parts, e. g. of the skin which are especially subjected to such influ-
ences acquire a thicker epidermis (eallus).

Where the stratified epithelium consists of many layers of cells,
as is the ecase, for instance, upon the skin, there is a provision for
the nourishment of the growing cells which are somewhat removed
from the vascularized subjacent tissues. The cells of the deeper
layers are somewhat separated from each other, leaving a space
between them through which nutrient fluids can circulate. Across
this space numerous minute projections or “prickles,” springing
from neighboring cells, join each other, forming connecting bridges
between the eells. When isolated, such cells appear covered with
these small spicules (* prickle-cells ’), and their presence probably
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thelial lining of which may be taken as a type of this variety of
tissue.

The functional activities of epithelinm are in marked contrast to
the comparatively inert character of endothelium. The eytoplasmie

Fic. 40.

Transitional epithelinm from bladder of the mouse. (Dogiel.) 1,2, 38 and § indieate the layers
of cells, not everywhere equally well defined. a, hyaloplasmic surface, and, b, evio-
plasmic body of large superficial cell ; ¢ leucoeyte—i. e, white blood-corpuzele that has
wandered into the epithelinm by virtue of itz amobold movements ; o, karvokinetic
figure in & cell belonging to the deepest layver.  Beneath this layer is the fibrons tissue,
which ig ecovered by the epithelinom and forms a part of the wall of the bladder. The

cguperficial eell, which iz fully represented, contains two nueled, a not very infreguent
oecurrence in these cells,

nature of the epithelial cell, when contrasted with the poverty in

evtoplasm of the cell in endothelium, would lead us to expect this

difference in the cellular activities of the two tissues, At the begin-

ning of this chapter a sketch of the manifold functions of epithe-
Fia. 41.

Transitional epithelinm, Isolated cells from the bladder of the frog.  (List.)

lium was given. It is a fair general statement of its usefulness to
say that epithelium is chiefly concerned in bringing abont chemical
changes in substances brought to it. Sometimes these substances
are elaborated into fresh cell-constituents, and the activity of the
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tion of the gland is discharged upon some free surface through a
tubular outlet, called the duet. This is frequently lined with a non-
secreting layer of epithelial cells differing in character from the
actively secreting epithelium in the deeper portions of the glandular

passages (Figs, 42-47),
Fia. 42. Fia. 43.

Dingrams representing various types of gland.

Fig. 42.—Simple tubular gland : a, epithelium covering the surface on which the seeretion is
discharged; b, mouth of gland; ¢, epithelinm lining the duct. This gradually passes
into the secreting epithelium. Some simple tobular glands bave no sueh distinetion
between the eells near the mouth and those nearer the fundusg, bat all the cellzs are of the
secreting variety—i. ¢., exercise that function. e, secretory epithelinm; o, lumen. The
sweat-glands are simple tubular giands which are coiled in their lower part to form a
globular mass,

Fig. 42.—Compound tubular gland : f, duet; g, acinus,

Fig. 4.—Racemose tubular gland : £, 5, duets; g, g, acini.

Fig. 45 —Bimple saccular gland : f, duet; g, acinos,
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cells surrounded by fibrous tissue, with no trace of a lumen among
the epithelial cells (Fig. 48).
Glands develop from surfaces which are covered by epithelium.

Fia, 48,

Eection of gland from human lip. (Nadler) a, duet, ent in slightly obligue direction (lomen
oval), and probably near a branch, which would sceount for the apparent thickness of
itz epithelial lining in the lower half; b, cross-section of seinus secreting muenus @ o, tan-
gential section of a similar acinus near its extremity and beyond the end of the lumen.
Crozz-gections of the cells at the Mandus oceupy the centre.  d, eross-section of an acinus
secreting o serons fluid, revealing a small lomen ; o, asimilar acinus with a larger lnmen,
probably ent near itz junetion with a duct ; ¢, acinus with cresecntie group of cells with
grannlar cytoplasm (¢'), and other cells like those in b, The granular cells of small size
are considered to be cells which have discharged their seeretion and are aceumulating
material for a fresh supply. f, nearly axial longitudinal section of a portion of a mueons
acinus; g, tangential section of a serous acinus; k, fibrous connective tissne between the
acini; 4, capillary bloodvessel in the fibrons tissoe.

The cells of this epithelium multiply and penetrate into the under-
lying tissues, forming little solid tongues or columns of eells (Fig, 181).
If the gland is destined to be of the simple tubular variety, this col-
umn of eells then becomes hollowed to form the lumen, the cells being






CHAPTER IV.
THE CONNECTIVE TISSUES.

THE two varieties of elementary tissue that have just been con-
sidered—namely, endothelium and epithelinum—owe their qualities
directly to the characters of the cellz that enter into their composi-
tion, The intercellular substances are insignificant in amount and
subordinate in funetion.

In marked contrast to these are the tissues composing the group
known as the “ eonnective tissues.” Here the usefulness of the
tissues depends upon the character of the intercellular substances
which confer upon the tissues their physical properties.  The
activities of the cells entering into the composition of these tissues
appear to be confined to the production of those important inter-
cellular substances and the maintenance of their integrity. The
cells may, therefore, be considered as of secondary importance in
determining the immediate usefulness of the tissues, the first place
being given to the intercellular substances. As was stated in the
introduetory chapter, these connective tissues are essentially passive
—i. ¢., they are useful because of their physical characters rather
than because of any ability to transform either matter or energy.
Where the ability to accomplish those transformations is of
importance the tissnes are found to be essentially cellular in char-
acter, as we have already seen to be the ease in the epithelial tis-
sues,

The connective tissues may be divided into three main groups:
the cartilages, bone, and the fibrous tissues. Each of these groups
has certain general structural characters that distinguish it from
the other elementary tissues, but within each group there are
varieties which differ considerably in the detailed character of their
intercellular substances and in the arrangement of these with re-
spect to the cells.

All the elementary tissues belonging to the connective-tissue

group are developed from the mesoderm.
63
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(2) The intercellular substance is abundant in amount and has
received the special designation “ matrix.” Aeccording to the char-
acter of this matrix, the cartilages have been divided into three
varieties : hyaline cartilage, fibro-cartilage, and elastic cartilage.
In hyaline cartilage the matrix is elear and homogeneous and has
the consistency of gristle. 1In fibro-cartilage it is traversed by or
nearly wholly composed of delicate fibres similar to those of
white fibrous tissue, which will be described presently. In elastic
cartilage the matrix contains coarse, branching, and anastomosing
fibres similar to those of elastic fibrous tissue (vide infra).

(3) The arrangement of the cells and intercellular substances
varies considerably. Sometimes the cells are pretty uniformly
distributed throughout the intercellular substance. Sometimes they

Fia. 50.

Hyaline cartilage and perichondrinm. Huoman costal cartilage. Same speclmen as Fig, 49.
a, group of cells formed by divizion, but not yet separated by matrix; b, matrix; ¢, cells
with a comparatively slight amount of evtoplasm, marking the trapsition from cartilage
to fibrons tiszne ; d, perichondrinm, composed of fibrous tissue (spindle-shaped cells with
a fibrous intercellular substance).

are arranged in groups of from two to four or even six cells. To-
ward the surfice of a piece of eartilage the cells are apt to be smaller
than those neaver the centre, and are frequently flattened. Here,
also, they often lose the characters that distingunish them in the
body of the tissue, and more and more closely resemble the cells of
the fibrous tissue surrounding the ecartilage. This fibrous tissue
iz called the * perichondrium,” and is usually not sharply defined
from the cartilage itself, the matrix of the latter becoming more
and more fibrous in character and the cells less distinetly like those
3
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some ::li;stanm between the fibres of the intercellular substance,
and giving the whole tissue a character closely resembling that of

1. 52,

Fibro-cartilage. Section from human intervertelral disk. {8chifer.) The cell to the left
presents a branching process extending into the intercellular substance,

white fibrous tissue.  The cells are, however, more evtoplasmic
than those of ordinary fibrous tissue.
3. Elastic Cartilage (Figs. 53 and 58).—This form of cartilage

Elastic cartilage. Seetion from cartilage of human external ear. (Bihm and Davidoff)
a, eartilage-cell ; b, ¢, network of elastic fibres in the intercellunlar substance; b, with large
meshes; ¢, fine-meshed. Opposite o iz a cell showing indieations of a division of the

eyptoplasm following divigion of the nucleus,

is found in the epiglottis, the cornicula of the larynx, the ear, and
the Eustachian tube. The coarseness of the anastomosing fibrous
network of the matrix varies in different =ituations and in different
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stance prevent the preparation of sections by means of the knife,
and, unless they be removed, specimens of bone must be made by
grinding. This can best be accomplished after the bone has been
dried. But drying the bone destroys the corpuscles, which appear
as little desiceated masses, devoid of structure, within the lacun:e,
Ground sections of bone can, therefore, give only an idea of the
intercellular substance and the arrangement of the lacunw, canal-
iculi, Haversian canals, ete. (Fig. 54). Sections may be cut if

Ground section of dried bone. Human femur, a, Haversian canal in eross-section: of, Ha-
versian canal oceupicd by débris; a”, anastomesing branch from e, in nearly longitud-
inal section; b, lacuna Lelonging to the Haversian syslem, of which o' ovcuples the
centre; ¢, lnenna in excentrie laminge of bone between the Haversinn systems.  The
delicate lines connecting the lacunse are the eanaliculi.

the bone be first decalcified—i. e., if the earthy salts he dissolved
throngh the action of acids. This treatment not only removes the
earthy constituents of the intercellular substance, rendering it soft
and pliable, but causes the organic constituents to swell,  The
effect of this swelling upon the appearance of the bone is very
marked. The fine canaliculi are eloged and the lacunge diminished
in size, so that the structure of the bone appears much simplified,
being reduced to a nearly homogeneous mazs of intercellular sub-
stance in which there are spaces arranged in definite order and
enclosing the somewhat compressed hone-corpuseles.  The delicate
processes of the latter are not discernible within the canaliculi, but
blend with the swollen intercellular substance forming the walls of
those minute channels. It is important that the student should
learn to recognize these mutilated preparations of bone, since it is
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in this form that the tissue will most frequently come under his
ohservation (Fig. 55).

Minute study of the structure of the intercellular substance of
bone makes it appear that the organic basis is not homogeneous,
but is composed of minute interlacing fibres, held together by

Fre. 55

Section of deealeified bone, parallel to axis of human femur., o, longitudinal seetion of
Haversian eanal giving off transverse branch to the left; b, tangential gection of a trans-
verse branch ; ¢, lncuna ocenpied by bone-corpuscle ; d, intereellular substance deprived
of its earthy salts and so swollen that the canaliculi are obliterated.

a cement or “ ground 7 substance, containing the deposit of earthy
salts,  To these saltz, which are chiefly phosphate and carbonate
of caleium, the bone owes its hardness, while the fibres contribute
toughness and elasticity to the tissue. The general arrangement
of the fibres in the intercellular substance is in laminge, which have
a general parallel direction ; but there are oceasional fibres of some
size which pierce these lamine in a perpendicular direction and
appear to bind them together, very much as a nail would hold
a series of thin boards in place, * Sharpey’s fibres.”

Bone oceurs in two forms, the compact and the cancellated.
These do not differ in the nature of the tissue itself, but merely
in the arrangement of that tissue with respect to its sources of
nourishment.  Where the hone is massed in compaet form, as in
the shafts of the long bones, special means for supplying it with
nourishment is provided by a series of channels, the Haversian
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eanals, which contain the nutrient bloodvessels, and which anasto-
mose with each other throughout the whole substance of the tissue.
The nourishing lymph, derived from the blood, reaches the cells
through the canaliculi and lacunge, which conneet with each other
to form a network of minute channels and spaces pervading the
bone, and not only opening into the Haversian canals, but also upon
the external and internal surfaces of the tissue.

In the shafts of the long bones the Haversian canals lie for the
most part parallel with the axis of the bone, with short transverse
branches connecting them with each other. It is around these lon-
gitudinal Haversian canals that the lamine of bone are arranged
in concentric tubular layers. Iach Haversian canal, with the
laminz surrounding it, is known as an Haversian syvstem.  Between
these Haversian systems there are excentrie lamine of bone, which
do not conform to the concentric arrangement of the Haversian
systems,

In the spongy or cancellated variety of bone the thin plates of
that tissue derive their nourishment from the lymph of the con-
tignous marrow filling the spaces between them, and there is no
oceasion for Haversian ecanals.  The conecentrie arrangement of the
laminse is, therefore, absent.

Except where bounded by cartilage at the joints, the external
surfaces of the bones are covered by a fibrous investment, the
periosteum, in which the bloodvessels supplying the bone ramify
and subdivide before sending their small twigs into the Haversian
canals of the compact bone. The deep surface of the periosteum
contains connective-tissue cells, “ osteoblastz,” eapable of assuming
the functions of bone-corpuscles and producing bone.  These facts
explain the importance of the periosteum for the nutrition and
growth of bone, The tendons and ligcaments attached to the
bones merge with the periostenm, which has a similar fibrous struet-
ure and serves to connect them firmly with the surface of the
bone.

The central cavitiez of the long bones and the spaces of cancel-
lated bone are oceupied by marrow, which may be of two kinds, the
“red?” or the “yellow.” A description of the structure of marrow
must be deferred until the other varieties of the conneetive tissues
have been considered.

In the embryo the parts which are destined to become bony first
consist of some other variety of connective tissue, either cartilage
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tizsue, it will be of advantage to note the peculiarities of the two
kinds of fibres that are found in their inter-
cellular substance.

The white, non-elastic fibres (Fig. 56) are
exceedingly delicate, and appear, even under
high powers of the microscope, as fine, trans-
parent, homogeneous lines. They are usu-
ally aggregated into bundles of greater or less
thickness, being held together by a small
amount of the cement-substance already re-
ferred to. In these bundles the fibres run a
somewhat wavy course from one end of the
bundle to the other, but lie parallel to each Sy
other and never branch. When treated with “tlf;:ﬁfia;',;ﬁw;:,':{":::
dilute acetic acid, without previons hardening, Sum G ddun)
they swell and become almost invisible. They '
are converted into gelatin when hoiled in water,

The yellow, or elastie, fibres (Figs. 57-59) are coarser than the

Fia. 57.

Elastic fibres,

Fig. 57.—From the subcutaneous areolar tissue of the rabbit. (Schifer.)

Fig. 58 —8ection of ear. (Hertwig.) The intercellular substance contains a reticulum of
ecoarse anastomosing clastic fibres. (See Fig, 53

Fig. 3. —Fenestrated membrane from & branch of human carotid artery. {Triepel.)

white and more highly refracting, appearing more conspicuous when’
viewed under the microscope. They may be nearly straight, but more
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a mere cement uniting the fibres within the bundles and lamine,
The flat or endothelial cells of the tissue lie within these bundles or
are applied to their surfaces, forming a more or less perfect lining
to the lymph-spaces within the tissue and becoming continuous with
the endothelial walls of the lymphatic vessels. It is within these
spaces that the lymph accumulates after its passage through the
walls of the smaller bloodveszels, to find its way into the lymphatic
cireulation. The spindle-shaped and cuboidal cells of the tissue lie
between or within the bundles of fibres embedded in the cement-
substance (Figs. 63 and 64).

Areolar tissue, Preparation from the subeotancous lissue of a young rabbit,  (Sehifer.)
¢, endothelioid cell; p, p, cells with grapular eytoplasm ; e e, f, cells of the fusiform or
stellate variety not yet fully developed. The white fibres are inbundles pursuing 8 wavy
conrse : the elastic Abres are delieate and form o very open network; g, lencocybe of a
coarsely granular variety.

Avreolar tissue varies greatly in different situations in the density
of its structure—i. e., in the size of the fibrons bundles and their
relative abundance, as compared with the number and size of the
spaces separating them. The name is derived from that form in
which the strueture is open and the courses of the fibrous bundles
very diverse, so that they interlace, leaving relatively large spaces
between them. In this form it ocenrs in the subentaneous tissues,
between the muscles, forming the loose faseiwe in that situation, and
in many other parts of the body where adjacent structures are
loosely connected with each other. The sinuous course of the in-
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the eytoplasm, is enclosed in a delicate cell-membrane.  The fatty
cells may occur singly in the midst of an apparently normal areolar
tissue of the usual type, but they are more frequently grouped to
form “lobules,” held in position within the tissue by bands and
lavers of unaltered areolar tissue,

In seetions of adipose tissue prepared after hardening the tissue
in aleohol the fatty globules can no longer be seen, since the alco-
hol dissolves the fat from the tissues. The partially collapsed

Fra. 645,

Section from the tongue of 4 rabbit : o, a, a, gronps of fat-cells forming small masses of adi pose
tissue in the conneetive tissue; b b, connective tissue, b in longitudinal, and ¥ in
oross-goction : ¢ small vein containing a few red blood-corpuscles. Near the eentre of
the fipure is another bloodvessel filled with corpuscles. The remainder of the figure
represents striated muscle-fibres in nearly longitudinal section, In the upper left hand
corner these show a tendeney to split into longitudinal fibres (sarcostyles),

membranes of the eells, with the eytoplasm and contained nuclens
forming an apparent thickening at one side, are all that remain to
distinguish the tissue (Fig. 65, a).

Adipose tissue is widely distributed in the body. It serves as a
store of fatty materials which can be drawn upon as a reserve
stock of food when the nutrient supply of the body falls below its
needs,

The usefulness of the fibrous tissnes can be readily inferred
from their structure. The more open varieties of areolar tissue
serve to give support to the structures they unite and to the blood-
vessels, lymphatics, and nerves supplied to them. They also attord
spaces and channels for the return of the lymph, which transudes
through the walls of the capillary bloodvessels, earries nourishment
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two groups. Thus, the individual musecular tissues differ consider-
ably from each other in structure, but are elosely related in funetion,
each variety being specialized so as to execnte a particular kind of
contraction when funectionally active. We must also assume that
the variations in structure met with in the nervous system have
reference to the translation of various impressions into nervous
impulses, or the liberation of such impulses under different condi-
tions, as well as to their transmission and application to the func-
tional activities of other tissues.

The complex funetions exercised by the nervous system appear
to necessitate a great variety of mnervous structures, and it would
be a matter for surprise to find the visible structure of the nervous
system as simple as it 1=, were it not for the fact, already learned,
that cells apparently similar in structure may have widely different,
though related, functional powers.

I. THE MUSCULAR TISSUES.

There are three wvarieties of muscular tissue, which differ from
each other both in strueture and in the character of their functional
activities. Omne variety is that found in the walls of the hollow
viscera and larger bloodvessels. Its activities are not under the
control of the will, and the cells are devoid of marked eross-stri-
ation of the contractile substance. It has, therefore, received the
names, “ involuntary ' or ** smooth ” museular tissue. The other two
varieties present distinet and rather coarse cross-striation of the
contractile substance, but differ in other struetural details,  One of
these iz called “voluntary ” or “ strinted ” musele ; the other is found
only in the heart, is not under the control of the will except in
rare instances, and is known as “ecardiac” muscular tissue.

1. Smooth Muscular Tissue.— This elementary tissue is composed
of elongated or fusiform cells, which gradually taper to a sharp
point. The body of the cell, except close to the ends of the nuecleus,
consists of a modified cytoplasm, called “contractile substance,”
which stains a coppery red with eosin, and presents fine, indistinet,
longitudinal and transverse markings, possibly the optical expression
of certain ridges that are in contact with similar ridges on neigh-
boring cells. Each cell has a single, greatly elongated, rod-shaped
nucleus situated in its eentre, with the long axis coincident with
that of the cell (Fig. 67). The nuclei are vesicular and possess

&
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of an object under observation. It is rarvely that sections happen
to be made in such a direction that they reveal the complete struet-
ure of an object. It is nearly always necessary to study the appear-
ances presented by the section, and to infer what the structure of
the object must be in order to yield the appearances seen. This is
sometimes a matter of considerable difficulty.

If the plane of the section lie parallel with the long axes of
the cells, the nuclei of the latter will appear as rod-like or long,
oval bodies lying parallel to each other and distributed at regular
intervals throughout the tissue. The ountlines of the cells will be
distinetly visible in some places, but in most of the section the
boundaries of the deeper ecells will be obscured by the bodies of
the cells at the surface of the seetion, and the borders of the latter
will be difficult of detection, becanse in many places the knife has
left only a portion of the eell with a very thin and transparent
edge (Figs. 69 and 70).  For the practical recognition of the tissue,
when eut in this direction, we must, therefore, in many ecases,
depend solely upon the shape and distribution of the nuclei and
the color of the material between them after the section has been
treated with certain stains (e. g., eosin).

If the cells of the tissue have heen cut perpendicular to their
long axes, the section will contain true eross-sections of the indi-
vidual fibres, These appear as round, oval, or, more usually,
polvgonal areas of various size, according to the part of the cell
included in the section. If the cell has been cut near one of its
ends, the cross-section will be small ; if near the middle, it will be
large, and will contain a cross-section of the nucleus, situated near
its centre and appearing as a round dot (Fig. 71). It iz in
such sections that one may sometimes see the minute prickles
or ridges, already referred to, projecting from the cell-bodies
and joining with those of the contignous cells to form delicate
bridges across the narrow intercellular spaces. The only tissue
with which this aspect of smooth muscular tissue is liable to be
confounded is dense fibrous tissue, as seen in the crozs-sections of
tendons or lignments (Fig. 66). There we also see polygonal areas
of varions sizes, separated for the most part by only a thin layer of
cement. But these areas never contain nuelei, because they are
composed, not of cell-bodies, but of intercellular substance. The
nuelei of the flattened connective-tissue cells may be seen here and
there apparently lying within the cement, the body of the cell being
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in conferring “tone” to certain structures in which it is found,
notably the walls of the arteries and veins. They also render it
of service in producing the vermicular movements that are essential
for the funetional activity of such organs as the stomach and intes-
tine.

Smooth museular tissue has a wide distribution in the body. It
is found in greatest bulk in the uterus, middle coats of the arteries

Fie. 74.

Dagrams of cardiac muscular tissue,

A, longitudinal section : o, nueleus of muscle-cell; &, onmodified eytoplasm ; ¢, contractile
substance with longitudinal and transverse striations; d, cement-substance uniting con-
tiguous cells; e, arcolar tissue (vesscls omitted) between the muscle-fibres formed Ly the
union of the individual cells : f, small bloodveszel within the areolar tissue, If the lines
of junction between the cells were not visible, the tissue would appear as though com-
posed of interlacing and anastomosing fibres, none of which could be traced for any con-
siderable distance. Buch is the asual appearance of longitudinal sections of cardine
muscle,

B, transverse section : a, seetion of o cell, including the nueleus: ¢, section above the nucleus
and just below a erotch formed by the divergence of a branch; b, section above the
nucleus and the point where the bhranch ¥ is given ofl.

and veing, the musenlar coats of the stomach and intestine, and the
wall of the bladder ; but we shall find it present in greater or less
amount in many of the organs, the structure of which we shall
presently have to study.

2. Cardiac Muscular Tissue ( Iigs. 74 and 75).—The heart-muscle
is composzed of cells having a general eylindrical form and contain-
ing a single (oceasionally, two) nuclens.  The nuecleus is vesicular,
has a distinet reticulum of chromatin, and is usually oval., It is
gitnated near the centre of the eell, and iz surrounded by a small
amount of eytoplasm, which is a little more abundant at the ends
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When seen in longitudinal section it is difficult to trace a given
musecle-fibre for any considerable distance, because the oecasional
anastomosing branches of the cells cause a blending of the neigh-
boring fibres with each other. In cross-section the cells have a
round, oval, or polygonal shape, and vary considerably in size,
owing to the branching. Their cut surfaces are dotted with the
minute polygonal cross-sections of the elements of the contractile
substance, which give the cell its appearance of longitudinal stri-
ation. These elements are called the “ sarcostyles.”

Cardiac musele oceurs only in the heart. It iz not under the
control of the will, but differs from the other involuntary muscles
in the force and rapidity of its contractions, which resemble those
of the voluntary muscles.

3. Striated Muscular Tissue (Figs. 76-79).—The voluntary muscles
have for their characteristic tissue-clement greatly elongated, multi-

Fia. 76. TFie. 77.

m

Etriated muscenlar tissue.

Fig. "%6.—Portion of a muscle-fibre from & mammal. (Schifer.) This figure reprezents the
appearances of the fibre when the sarface is in sharp focos,

Flg. T7—Termination of a muscle-fibre in tendon. (Banvier.) ¢ contractile substance ; P
retracted end of contractile substanee, separated from the sarcolemma during the prep-
aration of the specimen; m, sarcolemma, slightly wrinkled ; s, sarcolemma in contact

with fibrous tissue of tendon; f, tendon.
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sentsbothlongitudinaland transversestriations, the latter much coarser
and prominent than the former. Itmust suffice us to consider this con-
tractile substance as made up of a number of prismatic bodies,
“sarcous elements,” which are arranged end to end to form col-
umns, sarcostyles, extending parallel to each other, from one end
of the cell to the other. The sarcons elements of all the sarcostvles
lie in planes perpendicular to the long axis of the cell. It is,
therefore, possible to separate the contractile substance into a
number of fibre-like columns (sarcostyles, Fig, 65), made up of =ar-
cous elements attached at their ends, or to split it transversely into
disks ecomposed of sarcous elements lying side by side, Between
the sarcous elements is a substance which has received the name
“ garcoplasm.”

The contractile subztanee iz enclosed in a thin, homogeneous mem-
branous envelope, called the “ sarcolemma.” The nuclei of the cell lie
immediately beneath the sarcolemma, between it and the contractile
substance, and are surrounded by a small amount of unmodified
eytoplasm.

The muscle-fibres lie parallel to each other and to the general
direction of the muscle which they compose, and are separated by
loose areolar tissue, containing their vascular and nervous supplies.
When seen in eross-section they are circular or polvgonal in form,
and the eut surface of the contractile substance appears crowded
with small polygonal areas, the sections of the sarcous elements,
between which is the sarcoplasm. Where the nuelei are ineluded
in the section they appear somewhat flattened and lie at the edge
of the contractile substance, where a thin zone of eytoplasm may
sometimes be detected around them. The sarcolemma which lies
outside of these constituents of the cell is so thin that it can ravely
be distinetly seen.

The musele-fibres are in close contact at both ends with the dense
fibrous tissue of the tendons attached to the muscle.
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1. Ganglion- or Nerve-cells (Fligs. 80 and 81).—Nerve-cells vary
greatly both in shape and size. They are rich in evtoplasm, and con-
tain an unusually large nucleus, generally spherical in shape, within
the reticulum of which there is nearly always at least one conspicu-

Bection of unipolar nerve-cell from gray matter of epinal cord. (Flemming.) This figure
shows the fibrillation of the axis-cylinder process and the eytoplasm of the cell, as well
as the prominent chromophilic granules in the lotter,

ous nueleolus,  The cell-bodies may be spherieal, ovoid, polyhedral,
or stellate in form, and are prolonged into one or more long pro-
cesses, Some of these taper and branch repeatedly, the nltimate
delicate fibrils terminating in free extremities lying in the inter-
cellular substance, * dendritie processes” At least one of the
processes emanating from each cell is coarser than these dendritic
processes, and is prolonged into a nerve-fibre, forming the essen-
tial ecomstituent of that structure. This process is called the

o uxis-cylinr]er ]wunesi-;.”

It does not branch as freely a= the
other processes, but may give off one or more lateral twigs near
its origin.

It is enstomary to divide the nerve-cells into unipolar, bipolar,
and multipolar cells, according to the number of processes proceed-
ing from them. The unipolar eells are connected by their single
processes with nerve-fibres, and many of the bipolar cells, which
have a fusiform shape, lie in the course of a fibre with which
the two processes ave continuous. In such cases one of the
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ure running a continuous course from the cell giving it origin to
the peripheral termination of the nerve, called the “axis-cylin-
der” ; an external membranous envelope, the “ neurilemma” ; and
a semisolid material, the ¢ myelin,” “ white substance of Schwann,”
or “ medullary sheath,” lying within the neurilemma and surround-
ing the axis-cylinder.

The axis-cylinder is a greatly elongated process (axis-cylinder
process) springing from a nerve-cell. It is marked by longitudinal

Fia. 82,

Small ganglion In the tongue of a rabbit: a, ¢, ganglion-cells ; o', cell, with the beginning
of it axis-cylinder process; b, meduallated nerve-fibre In cross-section; ¢ fibrous tissue
within the ganglion (part of thiz fibroug structure may be composed of non-medullated
nerve-fibres) ; o, arcolar tissue surronnding the ganglion and containing adipose tissue in
the upper and lower partz of the figure. To the left ig a striated muscle-fibre. The gan-
gliom is seen in cross-section, so that its connection with the nerves, in the course of which
it lies, is mot visible,

striations, which appear to represent exceedingly delieate fibrils
composing the axis-cylinder. These fibrils frequently separate at
the distal extremity of the nerve and take part in the construction
of the various forms of nerve-endings. A more minute study of
the axis-eylinder leads to the inference that it is composed of
spongioplasm, continuous with that of the body of the cell, and
that the appearance of longitudinal striation is due to the elongated
shape of the spongioplasmic meshwork and the greater thickness
of its longitudinal threads, the transverse threads uniting them
being much less conspicuous,
7
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posed between the neurilemma and axis-eylinder. It is not a
simple substance, but contains at least one constituent closely re-
gembling fat or oil in its chemieal nature ; also a substance chemi-
cally allied to the keratin of horns and the superficial cells of the
epidermis, called neurokeratin; and a homogeneous, clear fluid.
The way in which these constituents are combined iz a matter of
doubt, the apparent structure of the medullary sheath varying
greatly when different modes of preparing the nerve for micro-
geopical study have been emploved. But the neurokeratin appears
to exist as a delicate retieulum pervading the medullary substance.
The medullary sheath appears to be interrupted at irregular inter-
vals by oblique eclefts, which surround the axis-cylinder like the
flaring portion of a funnel. These * Lantermann’s” clefts are
occupied by a soft material, probably similar to that composing the
constrieting bands (Figs. 84 and 85).

Fia. B4. Fiz. 85.

y
Az.c.

Fig. 8i.—Longitudinal view of portion of nerve-fibre from sciatic of dog. (Schiefferdecker.)
&, nenrilemma; T, stained substanee within the clefis of Lantermann.

Fig. 85.—Crogs-section from =ciatic nerve of freg. (Bihm and Davidoft) A, axis-evlinder,
uhﬁwin;_.; punctate sections of the fibrille ; B, medullary sheath stained with osmic aeid :
i, b, apparent duplication of the medullary sheath, due to the pregence of a Lantermann
cleft: C arcolar tissue between the fibres.

The medullary sheath is developed after the formation of the
axis-cylinder, and is, at first, continuous along the course of the
latter. Subsequently it becomes interrupted at the nodes of
Ranvier by the constricting disk. It seems to be derived from
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eylinder, which at intervals appears to be nucleated. These nu-
elei are presumably constituents of a membranous investment or
neurilemma ; but the latter is diffieult of demonstration beeause of
its thinness and transparency, and its constant presence is not defi-
nitely established (Fig. 86).

Unlike the medullated variety, the gray nerve-fibres frequently give
off branches, which join other fibres and constitute true anastomoses.

Non-medullated fibres are most abundant in the sympathetic
nervous gystem, but occur also in the nerves derived directly from
the brain and spinal cord.

3. Neuroglia.—The nerve-cells and fibres of the central nervous
system are surrounded and supported by a tissue which is derived
from the epiderm, and is called the “neuroglia.” It must be re-
garded as a variety of elementary tissue having functions similar to
the connective tissues, although its origin makes its relations to the
epithelial tissues very close.

Neuroglia consists of cells, the “ glia-cells,”

" which vary consider-

Fiq. 87.

Fie. 88,

Glia-cells from the neuroglia of the human spinal cord. (Retzius.)
Fig. 87.—Three cellz from the anterior portion of the white matter: o, processes extending to

the surface of the cord ; &, cell-body ; ¢, long, delicate process extending far into the white
matter.
Fig. 88.—=Two cells from the deep portion of the white matter.
ably in character, and an intercellular substance, which is for the
most part soft and homogeneous, resembling in this respect the
cement-substance found in epithelium, but which may, here and
there, contain a few delicate fibres, possibly derived from the pro-
cesses of some of the cells, or possibly of mesodermic origin, and,
in consequence, belonging to the connective tissues.
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central nervous system contains fibrous prolongations of the epi-
thelial cells of the ependyma and central canal of
the spinal cord (Fig. 91). Fibrous constituents are
also derived from the areolar tissue which extends
into the organs of the central nervous system from
their fibrons investments, the pia mater, in company
with the vaseular supply.

The central nervous system, then, consists of a
small amount of a ground-substance and a great
number of cells, most of which possess numerous
delicate fibrillar processes which interlace in all
directions, Some of these cells are the function-
ally active elements of the organs, the nerve-cells,
Others belong to the sustentacular tissue, and are
probably funetionally passive, constituting the in-
terstitium. Both kinds of cell are developed from
the epiderm, and are therefore genetically closely
related to each other. EIRTayaE Ao ol

4. Nerve-endings.—Nerve-fibres terminate in two WIIEE: ff:":l:'_l‘ilﬁl;i'
ways : first, in free ends lying among the elements e e i the
of the tissues to which the nerve is distributed ; ~ "1 of the ceniral
second, in terminal organs, containing not only  cell near the ante-
nerve-filaments, but cells which are associated with ~ [or Bssure of the
them to form a special strueture. The simplest
mode of termination consists in a separation of the minute fibrille

Fia. 92

2k A A o st it A Lo e

Termination of nerves by free ends. (Retzius.) Nerve-endings among the ciliated eolumnar
eplthelium on the frog's tongue. Two goblet-cells, the whole bodies of which are colored
black, are represented. The other cells are menely indicated.

composing the axis-cylinders of the medullated fibres, or the chief
bulk of the non-medullated fibres, into a number of delicate fila-
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divides into coarse extensions, which form a network of broad vari-
cose fibres, lying in a finely granular material containing two sorts
of nuelei. This whole structure lies in close relations to the con-
tractile substance of the muscle-fibre, but whether it is covered by
the sarcolemma or not is a matter of doubt. The nuclei in the
motor-plate are derived in part from the musele-fibre, from the
eytoplasm of which the granular material surrounding the nerve-

Fia. 85,

Motor-plate. Tail of a squirrel. (Galeotti and Levi) a, two branches of axis-eylinder ter-
minating in a plexus of varicose filaments; b musele-nueleus ; ¢ nueleus derived from
neurilemma, The finely granular substance surrounding these structures has been
omitted.

endings appears to be derived, in part from cells similar to those
forming the neurilemma, which participate in the production of the
motor-plate (Fig. 95).

The nerves of sensation, like those supplying the striated muscles,
end in bodies in which the nervous terminations are associated with
cellular struetures of peculiar form. Their consideration will be
postponed until the structure of the nervous system is described.
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laries, and the smaller veins, a part of the plasma of the blood,
somewhat modified in composition, makes its way through the vas-
cular walls, partly by osmosis, partly by a sort of filtration, and
becomes the nutrient lymph of the tissues. The composition of
this lymph varies a little in the different parts of the body, and
this variation iz attributed to some kind of activity, allied to secre-
tion, on the part of the cells lining the vessels,

The larger veins are provided with pocket-like valves, which
collapse when the blood-current is toward the heart, but which fill
and occlude the veins when, for any reason, the eurrent is reversed.
When, therefore, the muscles contiguous to the larger veins thicken
during contraction and press upon the veins the effect is to urge
the blood within them in the direction of the heart. This accessory
mode of propulsion materially aids the heart, especially during
active exercise, when the muscles are in need of an abundant supply
of oxygen.

The large lymphatic vessels are similarly provided with valves,
and valves guard the orifices by which the lymphatic trunks open
into the veins. But the chief reason for the flow of the lymph
appears to be the continuous formation of fresh lymph, which
drives the older fluid before it—the so-called vis a fergo.

For convenient description we may divide the vascular organs
into the heart, arteries, veins, capillaries, and lymphaties,

1. The heart is covered externally by a nearly complete invest-
ment of serous membrane, the epicardium, which iz a part of the
wall of the pericardial serous cavity. Its free surface is covered
with a layer of endothelium resting upon areolar fibrous tissue, and
containing a variable amount of fat,

The substance of the heart iz made up of a series of interlacing
and connected layers of cardiac muscular tissue, separated by layers
of areolar tissue, which extends into the meshes of the muscle, form-
ing the interstitial tissue of the heart. The fibres in the different
layers of muscle run in different directions, so that sections of the
wall of the heart show the individual muscle-cells cut in various
ways. :

The areolar tissue is more abundant and denser near the orifices
of the heart, and at the bases of the valves merges into dense
fibrous rings, which send extensions into the eurtains of the valves,
increasing their strength and giving them a firm connection with
the substance of the organ. In the centre of the heart, between
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the vessel is contracted they are thicker andsthe portion containing
the nucleus projects slightly into the lumen of the vessel,

The subendothelial fibrous tissue forming the second layer of the
intima is composed of very delicate fibrils, closely packed together,
with a little cement between them, and enclosing irregular spaces in
which the branching cells of the tissue lie. Elastic fibres, spring-

Fie. 96.

L]

!

Eranch of splenic artery of a rabhit: o, internal endothelial surface of the intima; b,
elastie lamina of the intima (fenestrated membrane, see Fig, 80); ¢, media compozed
of smooth musenlar tissne encireling the vessel and therefore appearing in longitadinal
section with elongated nueclei; o, adventitia of fibrous tissue blending above and to the
left with the surrounding areolar tissue: e adipose tissue, between the eells of which a
few lines of red corpuscles reveal the presence of eapillary bloodvesselz; f, small nerve,
containing both medullated and pale or non-meduollated nerve-fibres. There are other
gimilar sections of nerves in the fizure. To the left of the artery the section is slightly
torn, the adipoge tissne being separated from the adventitia of the artery. A few red
blood-corpuseles have been extravasated near the nerve at the upper left corner of the
figure. There are also a few corpuscles within the lnmen of the artery.

ing from the external layer of the intima, may here and there,
especially in the larger arteries, make their way into the subendo-
thelial layer.

The elastie lamina of the intima is formed by a network of anas-
tomosing elastie fibres, having a general longitudinal disposition with
respect to the axis of the vessel. The spaces left between the fibres
of this network vary considerably in size. Where they are small
and the fibres between them are correspondingly broad this layer
has the appearance of a perforated membrane (the fenestrated mem-
brane of Henle). Even where this membranous character of the
elastic layer is well developed, elastic fibres are given off' from its
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In the larger arteries the musele-fibres of the media are grouped
in bundles, which are separated by white and elastic fibrous tissue
(Fig. 97). The muscle-fibres themselves are less highly developed
than in the smaller arteries, so that the vessels are less eapable of
contracting, but are more highly elastic, because of the greater
abundance of elastic fibres, In these larger arteries the boundary
between the media and the intima is less sharply defined than
in the smaller arteries, the elastic tissues of the two coats being
more or less continuous. In eross-sections of the smaller arteries
this boundary is very clearly seen, the elastic lamina of the intima
appearing as a prominent line of highly refracting material, which
assumes a wavy course around the artery when the latter is in a
contracted state. In such sections the nuclei of the endothelial
layer of the intima appear as dots at the very surface of the intima.

3. The Capillaries (I'ig. 25).— A= the arteries divide into progres-
sively smaller branches the walls of the latter and their individunal
coats become thinner. In the smallest arterioles the elastic tissue
of the wall entirely disappears, and the museular coat becomes so
attenuated that it is represented by only a few transverse fibres
partially encircling the vessel. These in turn disappear, and the
branches of the vessel then consist of a single layer of endothelium
continnous with that lining the intima of the larger vessels.  These
thinnest and smallest vessels are the capillaries. They form a net-
work or plexus within the tissues, and finally discharge into the
smallest veins the blood they have received from the arteries. It
is chiefly through the walls of the capillaries that the transudation
giving rise to the lymph takes place, but some transudation prob-
ably also occurs through the walls of the smaller arteries and
veins.

4, The veins closely resemble the arteries in the structure of their
walls, but relative to the size of the vessel the wall of a vein is
thinner than that of an artery. This is chiefly because the media
is less highly developed. The elastic lamina of the intima is also
thinner in veins than in arteries of the same diameter,

The wvalves of the veins are transverse, semilunar, pocket-like
folds of the intima, which are strengthened by bands of white
fibrous tissue lying between the two layers of intima that form the
surfaces of the valves. The valves usually oceur in pairs, the
edges of the two coming into contact with each other when the
valvular pockets are filled by a reversal of the blood-current.

B
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3

pression at one point, called the “hilus.” Tt is invested by a fibrous
capsule, which is of areolar character externally, where it connects
the node with surrounding structures, but is denser, and frequently
reinforced by a few smooth muscular fibres internally., Extensions
from this eapsule penetrate into the substance of the node, forming
“trabeculse,” which support the structures making up the body of
the node.

The lymphadenoid tissue oceurs in two forms : first, as spherical
masses, “follicles,” lying toward the periphery of the node, except
at the hilus, and constituting the “ cortex ™ (Fig. 98) ; second, in the

Ll AL

Bingle lymph-follicle from a mesenteric node of the ox. (Flemming.) @b, wide-meshed
Iymphatic sinus at periphery of the folliele.  Between this and the peripheral zone of
the follicle z, and within the follicle, the reticulum of the sinus and that sapporting the
celle and vessels of the follicle are not represented. The cells are merely indicated by
their nueled, the eytoplagm being omitted. =, peripheral zone of the follicle, marked by
a cloge aggregation of small Iymphoid eelis: p, more seattered cells ouizide of the
peripheral zone and at the edge of the lymph-sinus.  Within the zone z i3 the germinal
eentre of the follicle, in which numerons karyokinetie figures arve present, demonstrating
the active proliferation of the cells in that region. Twosuch fizures are also represented
within the lymph-sinus at the upper left corner. b, bloodvessels,

form of anastomosing strands, which make a coarse meshwork of
lymphadenoid tissue in the medullary portion of the node (Fig. 99).
The trabeculw springing from the capsule penetrate the substance
of the node between the follicles in the cortex, and then form a net-
work of fibrous tissue lying in the meshes of the medullary lymph-
adenoid tizsue, after which they become continuous with the mass
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groups : first, small twigs which enter at the periphery and are dis-
tributed in the eapsule and fibrous tissues of the trabeeulse and the
medulla ; and, second, arteries which enter at the hilus, pass throngh
the sinuses, and are distributed in the lvmphadenoid tissue of the
medulla and cortex. The veins follow the courses of the corre-
sponding arteries. The nerve-supply is meagre, and consists of both
medullated and non-medullated fibres. Their mode of termination
ig not known.

In the eentre of the follicles the reticular tissue is more open and
the lymphoid cells less abundant than toward the periphery. Mitotie
figures are of frequent oceurrence in lymphoid cells in this region,
and it is evidently a situation in which those cells actively multiply.
Further toward the periphery
the retieular tissue is closer
and very densely packed with
small lymphoid cells, to be-
come more open again and
freer of cells as it passes into
the reticulum of the sinus
(Fig. 100). This last reticu-

Fra. 101.

of small, elosely aggregated lymphold cells. To the right of these is a portion of the
germinal centre of the follicle, with larger cells, many of which are dividing. Oppesite
{ is & cell executing amoebold locomotion. p 2, plgmented cell, which has taken upeolored
granules from outside; £k, dark chromophilie body, the nature of which has not been
determined. 2uch bedies oceasionally ocour in lymph-nodes, but their origin and sig-
nificance are unknown,

Fig. 101.—Section of a small portion of the retienlum of the sinus in a human mesenterie
node. (Saxer.) b, b, diagrammatic representation of a portion of the neighboring
trabecula,

lnm becomes continuons with delicate fibres given off from the
tissues of the capsule and trabecule (Fig. 101). The distribution
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of lymphatics are blackened as the result of an accumulation of
particles of’ carbon that have been inhaled and then absorbed into
the lymphatics,

The lymph-nodes may, therefore, be considered as filters which
remove suspended foreign particles from the lymph; but it is
probable that the dissolved substances in the lymph are also
affected in its passage through the nodes, and that a purification
of that fluid is thereby occasioned. A fresh access of leucoeytes
further alters the character of the lymph during its transit through
the lymph-nodes.

Bone-marrow (Iig. 102).—In early life the medullary eavities of
the long bones, as well as the cancelle of the spongy bones, are all
oceupied by that form of marrow known as “red” bone-marrow.
This is functionally the most important variety. In after-life the
marrow in the medullary cavities of the long bones becomes fatty
through infiltration of its cells with fat, which converts them
into cells quite similar to those of adipose tissue.  Marrow so maodi-
fied is called “ yellow” marrow. It may subsequently undergo a
species of atrophy, during which the fat is absorbed from the cells
and the marrow becomes serous, fluid taking the place of the mate-
rials that have been removed. This process results in the produe-
tion of a “ mueoid ” marrow.

The marrow of bones possesses a supporting network of reticular
tissue not unlike that of the lymph-nodes. In the meshes of this
tissue are five different varieties of cell (Fig. 103): First, myelo-
eytes, cells resembling the lencoeytes of the blood, but somewhat
larger in size and possessing distinetly vesicular nueclei. They are
eapable of amehboid movements, and not infrequently contain gran-
ules of pigment which they have taken into their evtoplasm,
Second, erythroblasts, or nucleated red blood-corpusecles, which
divide by karyokinesis and eventually lose their nuelei, becoming
eonverted into the red corpuscles of the ecireulating blood. Third,
acidophilie ecells, containing relatively coarse granules having an
affinity for “acid” anilin-dyes, such as eosin.  These cells are
larger than the majority of the leucoeytes cirenlating in the blood.
Their nuclei are spherical or polymorphic and vesieular.  Fourth,
giant-cells with unusnally large bodies and generally several nuclei,
though oceasionally only one nucleus is present. They possess the
power of executing ameboid movements and appear to act as phago-
eytes.  Where absorption of bone is taking place they are found
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the endothelial cells are active in bringing about these differences,
Their character is not such as would be expected of cells carrying
on active processes,

The red corpuscles are soft, elastic dises, with a coneave impres-
sion in both surfaces (Fig. 105). They are slightly eolored by a
solution of hmmoglobin, and are =0 abundant that their presence
gives the blood an intense red color; but when viewed singly under
the microscope each corpuscle has but a moderately pronounced red-
dish-yellow tinge. The hmmoglobin solution is either intimately
associated with the substance composing the body of the corpuscles,
called the * stroma,” or it occupies the centre of the corpuscle and
is surrounded by a pellicle of stroma.

Under normal conditions the red corpuscles, in man and most
of the mammalia, are not cells, for they poszess no nuelei, nor are
they capable of spontaneous movement or multiplication. They
are, rather, cell-produets, being formed either within the eytoplasm
of cells of mesoblastic origin, or by the division of cells derived
from the mesoblast, and called ervthroblasts, the descendants of
which become converted into red corpuseles through an atrophy and
disappearanee (probably expulsion) of the nuelei and a transforma-
tion of the evtoplasm into the stroma, which take place after the
elaboration of the hwmoglobin within the cell. The former, or
intracellular, mode of production oceurs in the embyro, even before
the complete development of the bloodvessels ; the latter maode of
production seems to be the only one occurring in the adult, the chief
location of the ervthroblasts appearing to be in the red marrow of the
bones, where they are situated either in the tissues of the marrow
itself, whenee their deseendants, while still cellular, pass into the
vessels, or in the large venous channels of the marrow, where the
blood-current is sluggish and the erythroblasts remain elose to the
vaseular walls. In some angmic conditions the erythroblasts ap-
pear in the cireulating blood, where they may be distinguished from
the normal red corpuscles by the presence of their nuclei and, fre-
quently, also by a difference in gize (see Fig. 103, ¢).

In the reptilia and birds the red corpuscles are normally nu-
cleated ; but, though morphologically resembling eells, they are
incapable of multiplication or spontaneous movement, and have
undergone such modifications that they are not cells in a physiolog-
ical =ense.

The functional value of the red corpuseles is dependent upon the






THE BLOOD AND LYMFPH. 125

or to peculiarities in their behavior toward coloring-matters. The
best defined of these groups are :

1. The polynuclear neutrophilic leucocytes, in which the nucleus
has a very irregular form, often presenting the appearance of two
or more nuclei, and the eytoplasm contains granules that have an
affinity for neutral anilin-dyes (Fig. 106, f and g). This variety
constitutes about 72 per cent. of the total number of leucoeytes, and
is probably produced chiefly in the red marrow of the bones. They

Fra. 108.

Loucoeytes from normal human blood, (Bihm and Davidodt) e, red blood-corpuscle, intro-
dueed for eomparison; b, small mononuelear leneoeyte (Iymphocyte); ¢ large mono-
nnclear lencocyte ; g, polynuclear leneocyte, These differ in the character of the granules
they contain (not represented in the figure). In normal blood those grannles are neatro-
philie in the vast majority of the polynuelented leneoeytes. Oecasionally thev are acido-
philie, * eginophile lewcoeytes ' ; gometimes basophilie, * mast-cells ™ or * plasma-eells.”
o, e, f, intermediate and probably transitional forms between the large mononuelear leu-
cocytes ¢, and the polynucleated leucocyies, or leuecocytes with polymorphic nueled, g.

possess the power of exeenting ameehoid movements and incor-
porating foreign particles,

2. The lymphocytes, with a single round nuecleus and a little clear
eytoplasm around it. These leucoeytes arve of about the =same size
as the red blood-corpusecles (Fig. 106, &), They are derived from
the lymphadenoid tissue in the lymph-nodes and other situations,
and appear to be ineapable of amwboid movement. They constitute
about 23 per cent. of the total number of leucoeytes in normal blood,

3. The large mononuclear leucocytes, which arve larger than the
red corpuscles and have oval nuelei surrounded by elear eytoplasm
(Fig. 106, ¢). This variety has also received the name “ myeloeyte,”
on the probably correct assumption that they are derived from the
-red marrow of the bones. They are capable of passing through
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fibrils may be aggregated into larger threads variously interwoven,
or they may be still further condensed to form masses of a hyaline
character. The fibres may undergo a disintegration into granules,
when their fibrinous nature is not readily revealed. Fibrin is not
found in the body under normal conditions, but separates from the
blood if the circulation be arrested for any considerable length of
time. It appears to be the result of the interaction of four sub-
stances : fibrinogen, fibrinoplastin, fibrin-ferment, and salts of lime,
The latter are always present in the tissues; fibrinogen exists in
the plasma of the blood and lymph, and is, therefore, very widely
distributed. The fibrinoplastin is believed to be derived from the
bodies of cells that have undergone some destructive change; and
the ferment may be derived from the same source. These four
substances are present when the flow of blood through the ves-
sels has been seriously checked for a considerable period ; fibrin is
then formed, causing a coagulation of the blood. Such a clot,
within a vessel during life, is called a “thrombus.” Coagulation
takes place more rapidly if there be a destruction of tissue; e g.,
a break in the wall of the vessel. It may also be occasioned by a
roughness on the internal surface of the vessel, ift the flow of blood
over that obstruction is seriously retarded. In such a case the
fibrin-forming elements may be liberated from the bodies of leuco-
eytes that find lodgement behind the obstruetion and suffer injury,
or they may be derived from blood-plates that have been arrested
and undergone similar changes. In a like manner, fibrin may be

formed in the lymphatie vessels or the interstices of the tissues.'

! An explanation of fibrin-formation, offered by Lilienfeld, would serve to
elucidate many cases of coagulation under morbid circumstances. According to
‘this observer, fibrin is formed by the union of “thrombosin™ with ealcinm, and is,
therefore, a calcium-thrombosin compound. The thrombosin is produced from
fibrinogen by the action of nnelein, which in turn is formed from the nucleohiston
contained in the nuelei of cells. Coagulation, then, would be the result of the
following process : the nuclechiston in the nuelei, during “ karyolysis " ordisintegra-
tion of the nucleus, is decomposed into “ histon™ and nuelein. The later, acting
-on fibrinogen, produces thrombosin, which unites with calcium to produce fibrin.
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peritoneum which partially envelops the organs that are contained
in the abdominal cavity. Where this serons covering is wanting
the external coat consists of areolar fibrous tissue, which serves to
connect the organs of the digestive tract with neighboring struet-
ures, and thus becomes continuous with the areolar-tissue system
pervading the whole body. It supports the vessels and nerves
which make their way through it to the different organs.

In addition to the organs above enumerated, it is appropriate to
consider here the structure of the tongue, pharynx, salivary glands,
and pancreas. :

1. The tongue consists chiefly of voluntary muscles, the fibres of
which are grouped in bundles running in various directions through
the substance of the organ. Between the individual striated mus-
cle-fibres, and also between the bundles into which they are col-
lected, there is a variable amount of areolar fibrous tissue contain-
ing fat, nerves, and bloodvessels (Fig. 65). This areolar tissue

Fia. 108.

Seetions of papille of tongoo.

Fig. 107.—Filiform papille; human. Heitzmanmn. ) .

Fig. 108 —Fungiform papille; human. (Heitzmann.) ;

E, stratified epithelium; ¢, injected capillaries within the fibrous tizane of the '!Jn]:n:llaa;
L, lymphadencid tissue in lower portion of mucous membrane; M, muscular tissue of

the tongue.
is more abundant near the surface of the tongue, and is covered
with a layer of stratified epithelium, thicker at the sides and on the
dorsum of the tongue than on its under surface, where it becomes
9
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this suleus are peculiar groups of cells, called taste-buds, which will
be deseribed in a subsequent chapter. At the junetion of the
middle and posterior thirds of the upper surface of the tongue
there are several of these circumvallate papille which are of
unu=ual size.

Within the subepithelial areolar tissue, and often extending for
some distance between the muscles, there are, here and there, small
racemose glands, which secrete a serous or mucous fluid (Figs, 109,
and 110). They are most abundant on the back and sides of the pos-
terior part of the tongue, and their ducts frequently open into the sulei
of the circumvallate papille. Within the subepithelial areolar tissue
small eollections of lymphadenoid tissue (Ilymph-follicles) are also of
not infrequent ocenrrence.  The papille covering these are low and
inconspicuons, so that the surface of the tongue appears unusually
smooth at those points.

2. The salivary glands belong to the racemose variety of secreting
glands. The seeretions which they furnish are of two kinds: 1, a
thin, serons fluid, containing albuminoid materials, among which are
the specific ferments elaborated by the gland ; and, 2, a viseid fluid
containing muein. These two secretions are furnished by acini lined
with different varieties of epithelium. The parotid gland secretes
only the serous fluid, and is composed of serous alveoli. The sub-
lingunal gland secretes only the mucous fluid ; but the submaxillary
gland secretes both, and, therefore, contains both serous- and
mucous-secreting cells,

The eells which line the mucous acini have elear bodies, as the
result of a storage of transparent globules of muecin or mucigen
within the eytoplasm. Where these globules are abundant the
nuclei of the cells are crowded toward the attached ends of the
cells.  When the mucin is discharged from the eells they become
smaller, less clear, and more granular in appearance,

At the periphery of the acini, and especially well marked at or
near their blind extremities, are, here and there, erescentie, granular
epithelial cells, which may reach the lumen of the acinus or be
erowded back by the enlarged cells adjoining them. These eells
form the “crescents of Gianuzzi.” In the submaxillary gland, at
least, many of these crescents seerete the serous or albuminoid fluid
mentioned above. This secretion reaches the lumen of the gland
through minute intracellular channels (Fig. 111).

The serous alveoli of the salivary glands are lined with ecells that,
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vascular areolar tissue, and broader bands of that tissue divide the
whole gland into small lobes and these again into still smaller
lobules (Fig. 25).

The duets of the salivary glands are lined with eolumnar or pyram-
idal epithelial cells, the attached ends of which often show a stria-

Fig. 113.

Part of & cross-section of the wsophagus of a dug. (Bihm and Davidoill) e, mucous mem-
brane; b, submuecons eoat ; & musenlar coat; o, fibrons coat; e stratified epitheliom; f,
subepithelinl arcolar tissue (sometimes called the * tunica propria™ of the mucons mem-
brane): g, musenlaris muecos®e: &, arcolar tissue of the submucoss, containing the chiefl
branches of the arterial and venous vessels; i, internal, eneireling layer of the muscular
coat. It is the contraction of this coat that has canzed o longitudinal wrinkling of the
mucous membrane. One of those foldz iz completely and two are partially shown.
external, longitudinal layer of the musenlar eoat ; &, arealar tissue forming the exiernal
cout and connecting the esophagus with neighboring structures. A few large vesscls
entering the msophagus are represented in this coat,

tion perpendicular to the surface of the basement-membrane (Fig.
112). |

The nerves ramify in the interlobular areolar tissue and send
delicate, non-medullated fibres through the basement-membrane to

be distributed upon and between the epithelial cells.  Oceasionally
small ganglia are seen upon the larger nerves.






Fig. 114.—Vertical section through mucous

THE DIGESTIVE ORGANS. 135

Fic. 115.

membrane of pyloric end of stomach ;
huoman. (Bihm and Davidoff) a, co-
Inmmnar epithelivm covering surfaee of
mueons membrane: b, ervpt lined with
somewhat lower columnar epithelium ;
€, gastric tubules; 4, tunica propria,
somew hat lymphoid in charmeter ; ¢, mus-
cularis mucose, of smooth muscular
tissne,

Fig. 115, —Nearly vertieal section of the mucons membrane near the eardiac end of the stom-

ach; rabbit: a, columnar epithelium ecovering the surfiee of the mucous membrane ;
b, that lining a erypt; o duet; o, parictal eell extending to the lumen of the gland :
¢, lumen, readily troced for only a short distance; f, central or chief cells; @, small
artery, tothe left and above it, a small vein; b, musenlaris mucose, consisting of three
thin layers of smooth muscular tissue, the middle layver in transverse, the others in
longitudinal seetion ; 4, portion of submucosa. The gpecimen was taken from an animal
gome time after the ingrestion of food, and the chief cclls are, in consequence, relatively
gmall in comparison with the size of the parictal cells,
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The deepest layer of the mucous membrane is the muscularis
mucose, made up of two or three strata of smooth muscular tissue
in which the fibres run in different directions.

The submucous coat of the stomach consists of loose areolar tissue,
which allows considerable freedom of motion between the mucouns
membrane and the muscular coat. When, therefore, the organ is
empty the contraction of the muscular coat throws the mucous
membrane into coarse folds (rugwe). The large arteries, veins, and
lymphaties course in this submucous tissue, and thence send branches
into both the mueous and muscular coatz.  The nerves also form a
ganglionated plexus in this coat.

The muscular coat consists of an external longitudiual layer,
inside of which is another layer encircling the organ. The external
layer is continuous with the outer musenlar layer of the wsophagus,
The internal musecular layer of the latter organ is continued into the
wall of the stomach as a seattered set of oblique fibres lying internal
to the encireling fibres already mentioned. The museular coat of the
stomach may, therefore, be considered as composed of three layers,
the innermost of which is incomplete. At the pylorus the encireling
muscular layer is thickened.

Aside from the fibrous tissue that more or less completely sepa-
rates its layers, the muscular coat contains ganglionated nerve-
plexuses,

The external surface of the stomach is covered with a serous in-
vestment of peritoneum, except along the curvatures, where ﬂu-.-
peritonenm is reflected from the organ, permitting the passage of

ites vessels and nerves. e
5. The Duodenum.—The structures characteristic of the small

intestine first make their appearance in the duodenum. We shall
first consider those features which are found thronghout the small
intestine, and then describe those which are peculiar to the duod-
enum (Fig. 119).

The mucons membrane presents thin, transverse folds, the val-
vulse conniventes, which are not obliterated when the intestinal wall
is stretched. They are made up of a thin layer of areolar tissue,
extending from the submucous coat of the intestine, which iz cov-
ered on both surfaces with mucous membrane. This arrangement
serves greatly to inerease the surface of mucous membrane ming
in contact with the contents of the intestine, a provision facilitating
absorption of the products of digestion.
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Between the attached ends of the villi, and opening upon the sur-
face of the mucous membrane, are tubular depressions extending
nearly to the muscularis mucosawe, These are the “ erypts of Licher-
kithn,” and have the appearance of simple tubular glands ; but it is
doubtful if' they elaborate any peculiar secretion.  These eryvpts are
present, not only in the whole extent of the small intestine, but
alzo throughout that of the colon.

The erypts of Lieberkiihn are lined with columnar epithelium,
which also covers the surface of the mucous membrane and the villi
springing from it. The eells composing this epithelium multiply in
the crypts, and, as they mature, are graduoally moved toward their
orifies, whence they replace those that have been destroved upon the
surfaces of the villi. The cells possess a granular eytoplasm, which
becomes infiltrated with fat during digestion ; an oval, vesicular
nueclens ; and a delieate cell-membrane.  The free ends of the cells
are formed by a well-marked cuticle, which may be either homo-
geneous in appearance, or present very fine vertieal striations (Fig.
37). Many of the cells are mueigenous and contain globules of mucus
near their free ends, or appear az goblet-cells after the discharge of
that secretion. These cells are more abundant on the villi, where
they are older, than in the erypts lined with less mature cells.

The epithelinm rests upon a basement-membrane, which contains
nuclei, and is therefore composed, in part at least, of cells, Beneath
this basement-membrane iz a layer of reticular and areolar tissues,
containing a variable number of lymphoid cells and numerous
capillary bloodvessels, The rest of the mucous membrane, down
to the musenlariz mucose, and the axes of the villi are oceupied by
areolar fibrous tissue,

The thin muscularis mucose, which forms the deepest laver of
the mucous membrane, is made up of two layers of smooth muscular
tizsue : an internal layer, in which the fibres run transversely to the
axis of the intestine, and an external longitudinal layer. From the
upper surfice of this muscular layer of the mucous membrane
muscular fibres extend into the villi, in the areolar tissue in their
axes, and serve to shorten the villi by their contraction, so that the
villi are moved about in the intestinal contents during the process
of absorption. In the centre of each villus is a capillary lymphatic
vessel arising in a blind extremity near the apex of the villus,
These lymphaties open into a lymphatie plexus situated between the
muscularis mucosee and the ends of the erypts of Lieberkiihn, and
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Iymph-follicles may be regarded as the result of an increase in the
amount of reticular tissue of the villus, which has replaced the
other structures usually present. In the lower prﬁ-tinns of the
small intestine there are collections of these solitary follicles,
which have received the name * Peyer’s patches.”

6. The small intestine below the duodenum resembles the latter

Fia. 1210
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Bection of =olitary follicle from the ilewm. (Cadiat.y «, space left by the disintegration of
the central, delicate lIymphadenoid tissue of the llicle during the préeparation of the sec-
tiom; b, columnar epithelinm of intestinal surface ; ¢, 2, villi, partizlly denaded of epithe-
livm ; o, crypt; € f, musenlaris mueose; above [, the point where the vessels enter the
follicle. The Peyver's patches are eollections of such solitary follicles, placed side by side
and destitute of villi at their npper surfaces.

in structure, with a few modifications, which become progressively
more marked as the distance from the stomach inereases,

The glands of Brunner are most abundant near the upper part
of the duodenum, more sparsely distributed further down, and
usually disappear entirely before the beginning of the jejunum.

The valvulee conniventes, which are most highly developed a
little below the entrance of the gall and panereatic duets, also
become lower and less frequent along the course of the intestine,
and finally disappear about the middle of the ileum.

The erypts of Licberkiihn are deepest in the upper part of the
intestinal tract, but persist in shallower form throughout its whole
extent, as well as along the whole length of the colon.
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ated in the submucous coat. From these plexuses fibres are dis-
tributed to the muscles and other structural elements. These fibres
are of the non-medullated variety.

The nerves of the pancreas are also non-medullated, possess a

few ganglia within the organ, and are finally distributed among the
epithelial cells.

The Tonsils, Lymph-follicles, and Peyer's Patches.—These collec-
tions of lymphadenoid tissue in the alimentary tract have special

Fra. 122,

ol

SHectlon of human pancreas. (Bihm and Davidofl) a, Inrger duet ; b, beginning of duet; e, d,
acini with eells belonging to the corresponding duct-radicles in their centers; ¢, aeinus,
c¢ut just bevond the lumen; f, inieralveolar cell-group (1) ; g, ibrons connective tissue,
forming the interstitial tizsue of the organ.

interest to the physician as being points particularly liable to infec-
tion. The solitary follicles of the stomach and of the small and
large intestine, and the collections of such follicles forming the
patches of Peyer, are the sites which are most vulnerable to
invasion by pathogenic bacteria in the digestive traet, though they
are probably protected to a considerable extent by the germicidal
powers of the acid gastric juice. This is not always capable of
guarding them from infection by the typhoid and tubercle baeilli,
and in the diseases of the intestinal canal occasioned by those bac-
teria the follicles and Pever’s patches are the seat of the earliest
and most extensive uleerations. The tonsils, which have the same
general structure, are still more prone to infection of various kinds,
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Section through the fundus of o erypt.  (Benda and Guenther's Afles) o, stratified epithe-
linm, desquamating at its surface ; b, deep portion of the lymphadencid tissue, in which
proliferation of lymphoid eells takes place as well asin the follicles represented in Fig, 123,

processes as tonsillitis and diphtheritic inflammation (Figs. 123 and
124),

10
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three, or four twigs of the compound tree. In these the gall-duct
can be identified by its distinet lining of columnar or cubical epi-
thelium, and the hepatic artery distinguished from the portal vein
by its relatively thick wall as compared with the size of its lumen.
These vessels are collectively known as the inferlobular vessels,
Between and around them is the areolar fibrous tissue, which forms
a part of Glisson’s capsule, and which is abundantly supplied with

Fiz. 125.

Disgrammatic sketeh of a section of liver: a, central vein (radicle of the hepatie vein) ; b, b,
branches of the pq.rtal vein: ¢, ¢, branches of the hepatic artery ; o, d, small bile-duets :
¢, lymphatic vessel; b, ¢, d, € are enclosed in areolar tissue, which is continnous with
Glissom's capsule; f, liver-cells; g, line indicating the junctiom and blending] of two
nelghboring lobules.

lymphatic spaces and vessels in the fibrous tissue. The lymphaties
appear as clear spaces with smooth walls, some of them with dis-
tinet endothelial linings, but almost devoid of any other wall.
The parenchyma may be subdivided into portions which surround
the smallest branches of the hepatic vein, and are bounded by
imaginary lines connecting the groups of interlobular vessels.
These subdivisions are called “lobules” of the liver. In the
human liver they blend at their peripheries, between the masses of
connective tissue enclozing the interlobular vessel ; but in the liver
of the pig these lobules are veritable subdivisions of the liver, and
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are separated by septa of fibrous tissue, the interlobular vessels
lving in the lines formed by the junction of three such septa.

Connecting the branches of the portal vein with the hepatic vein
is a plexus of capillaries, called the infralobular vessels, through
which the blood passes from the portal vessels to the radieles of the
hepatie vein and thence into the general cireulation. These intra-
lobular vessels also receive blood from the hepatic artery, the
capillaries from which join them at a little distance from the
periphery of the lobule. The radicles of the hepatic vein are
called the eentral veing, from their situation in the axes of the
lobules, which are conceived as having a somewhat eylindrical
shape (Fig. 126).

Vessels and bile-ducts of a lobule of a rabhit's liver in transverse sectlon.  (Cadiat.) a, cen-
tral vedn ; b, b, interlobular veins (branches of the portal vein); e, interlobalar bile-duet,
receiving eapillary bile-duets from the lobule. Between aand bis the capillary plexus
called the intralobular vessels. The biliary radicles are not represented throughout the
figure, and the branches of the hepatic artery have been wholly omitted.,

Between the interlobular capillaries are rows of epithelial cells,
which constitute the functional part of the liver, its parenchyma.
They appear to touch the walls of the capillaries, but are, in reality,
separated from them by a narrow lymph-space (Fig. 127). In the
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human liver the epithelial cells of the parenchyma form a plexus
lying in the meshes of the capillary network of the interlobular
vessels,

Lt requires an effort of the imagination to coneeive of a third plexus
within the lobule, but such a plexus exists, being formed of the
radicles of the gall-duct. These are minute channels situated
between contiguous epithelial cells, each of which is grooved upon
its surface to form half of the tiny canal. The cells themselves
have fine channels running from the bile-capillaries into their eyto-
plasm and ending there in little rounded expansions. It is diffieult
to detect these bile-capillaries in ordinary sections of the liver,
unless they have been previously injected through the main duct;
but with a high power their eross-sections may sometimes be clearly
seen, appearing as little round or oval spaces at the junction of two

Fra., 128,

Fig. 127.—Perivascular lymphatic of the human liver. (Disse.) e, capillary in longitudinal
section; a, lymphatic space between the capillary and row of epithelial eells; &, wall
of the lymphatic space, slightly separated from the liver-cells and drawn a little cm-
phatically; [, liver-cells; o, bile-capillaries in eross-section, with their intracellular
ramifications.

Fig. 128 —Bile-capillaries between the liver-cells, with minute channels penetrating the cells
and communicating with secretory vacuoles within the eytoplasm. Injected liver of the
rabbit. (Pleiffer.)

epithelial cells, midway between the nearest capillary bloodvessels,
Throughout their whole course they appear to be separated from
the nearest bloodvessels by a distance approximately equal to half
the diameter of one of the epithelial cells. Ttis this fact that makes
it so difficult to frame a mental picture of their distribution in the
lobule (Fig. 128).

The nerves supplying the liver ramify in extremely delicate, non-
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medullated fibrils, which ramify thronghout the substance of the
liver and terminate in minute twigs among its epithelial cells.
The epithelial cells of the liver have a cubical shape, the grooved
and other surfaces that come in contact with neighboring cells being
flat, while the remaining surfaces may be somewhat rounded. The
eytoplasm is granular, and, except after a considerable period of
starvation, more or less abundantly infiltrated with irregular gran-
ules and masses of glycogen and globules of fat (Fig. 129). The

Fia. 1249.

—

Portion of hepatie lobule of the rabbit; eells infiltrnted with glyeogen. (Barfurth.) The
animal had been fed for twenty-four honrs on wheat-hread, to promote the storage of gly-
eogen within the livercells, The cells in eloge proximity to the central vein contain
the largest amount of glyeogen, which appears to fill the evtoplasm. Further from the
central vein the eellz contain less glyeogen, which is most abundant in that portion of
the cell turned toward the centre of the lobule. Fat-globules are most abundant in the
cells at the perlphery of the lobule. No fat-globules are represented in this figure.

glveogen dissolves out of the cells doring the ordinary processes of
fixation and hardening preparatory to the preparation of sections,
leaving spaces in the evtoplasm, which cause it to have a coarsely
reficulated appearance in cases where the glyeogen was abundant.
This reticulation wonld render it impossible to distinguish the
minute intracellular bile-passages.  Each cell has a round vesicular
nuclens near its centre.  In rare instances two nuclei may be found
in a single cell,

It will, perhaps, make the structure of the liver a little more
ecomprehensible if it is stated that the liver of some of the lower
animals is a tubular gland, the tubes of which are lined with a layer

e s
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of epithelium. In the human liver this tubular structure is dis-
guised by the facts that the tubules anastomose with each other, and
that their lumina are very minute and bounded by only two cells
when seen in cross-section.  So inconspicuous are these lumina that
a casnal glanee at a section of a liver wounld not reveal the fact that
it was a glandular organ.

The interstitial tissue of the liver consists of a few sparsely
distributed fibres continuous with those of Glisson’s capsule,

The intricate structure of the liver prepares us for the fact that
its funetion is an extremely complex one. Tt is a secreting gland,
elaborating the bile and discharging it into the duodenum. But
the bile has more than one purpose. It aids in the digestion and
absorption of food, and it also contains exerementitions matters
destined to leave the body through the alimentary tract. Even the
seeretory function of the liver, therefore, serves a double purpose :
the supply of substances useful to the organism and the elimina-
tion of produets that would be detrimental if retained.

But the function of the liver is not confined to the elaboration
of the bile. It also acts as a reservoir for the storage of nourish-
ment, which ean be drawn upon as needed by the organism. This
is the meaning of the glycogen and fat which have infiltrated the
cells.

The food-materials that are absorbed from the digestive tract pass
into the system through two channels : the lymphatic and the portal
circulations, The latter carries them to the liver, where some of
the fat, probably after desaponification, is taken up by the epithelial
cells, which also appropriate a portion of the sugar in the portal
blood, transforming it into glycogen and holding it in that form
until a relative deficiency of glueose in the blood reveals its need
by the system.

The blood comes into such elose relations with the epithelial ecells
of the liver that an interchange of soluble substances between them
appears to be about as easy a matter as the interchange of gases
between the blood and the air in the lungs; and, as in the latter
case, this interchange is mutual: some matter passing from the
blood to the liver-cells and some from the ecells to the blood. In
the lung there is a gaseous regeneration of the blood ; in the liver,
a renovation as to certain of its soluble constituents,

The Gall-bladder.—The bile iz secreted continuously by the liver,
for it is an excrement ; but it is discharged intermittently into the






CHAPTER XIIL

THE URINARY ORGANS.

THE urine is secreted by the kidney, whenee it passes succes-
sively through the renal pelvis, ureter, bladder, and urethra into
the outer world.

1. The kidney iz made up of homologous parts or lobes, which
are readily distinguished in early life by the superficial furrows
marking their lines of junction. In later vears these depressions
on the surface of the kidney disappear. Each of the lobes corre-
sponds to one of the papille of the kidney and the pelvie ealix that
embraces it. In some of the lower animals—e. ., the rabbit—the
kidney has but one papilla, so that the whole renal pelvis in those
animals corresponds to a single ealix in man.

The kidnev is a compound tubular gland of peeuliar construe-
tion, the tubules taking origin from little spherical bodies, called
Malpighian bodies, instead of from simple blind extremities, and,
after running a definite and somewhat complicated course, uniting
successively with several others to form the exeretory ducts, ealled
the “eollecting tubules,” which open into the calices near the tips
of the papille.

If a section of the organ be made through its convexity down to
the pelvis, the papillee will be seen projecting into the ealices of the
pelvig, and it will be noticed that each papilla forms the apex of a
pyramidal portion of tissue having a différent tint and texture from
the rest of the kidney. These pyramids form the “medulla”™ of
the organ (Fig. 130).

The bloodvessels supplying nearly all its substance enter the
kidney near the bases of the pyramids, having approached the
organ through the fat that lies around the calices. Within the
kidney they break up into branches that run along the base of each
pyramid in that portion of the organ which is called the “boundary
zone.” Between that zone and the convex surface of the kidney
the tissue is known as the “cortex.”

The arrangement of the renal tubules, which make up the chief
153
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The collecting tubes, which open into the calix at the apex of the
pyramid, are straight, and lie nearly parallel to each other and to
the axis of the pyramid, and, therefore, nearly perpendicular to the
base of the pyramid. As they are followed from the apex, in a
direction the reverse of that taken by the urine in flowing through
them, they branch dichotomously, and the branches become pro-
gressively smaller. At the base of the pyramid these straight
tubules are collected into bundles that radiate toward the convex
surface of the kidney, and are ealled the “medullary rays” 1In
these, and in the part of the pyramid that is near the boundary-
zone, the eollecting tubes are associated with other straight portions
of the tubules, “ Henle’s tubes,” which will be described pres-
ently. From the medullary rays the tubules pass into the region
between those rays in the cortical portion of the kidney. This
region of the cortex is known as the “labyrinth.” Here the tub-
ules lose their straight character and become much contorted, form-
ing the “second convoluted tubules.” They then re-enter the
medullary rays, which they descend for a variable distance into the
pyramid, constituting the “ascending branches of Henle’s tubes,”
which make a sharp turn, * Henle’s loop,” and then retrace their
eourse up the medullary rays into the cortical portion of the kidney,
“ descending branches of Henle’s tube.” They then pass again
into the labyrinth and form the.“first convoluted tubules,”
finally merge into the structure of the Malpighian bodies, also
sitnated in the labyrinth. In consequence of the passage of tubules
from them into the surrounding labyrinth the medullary rays become
smaller as they are followed from the base of the pyramid, and
eventually disappear before the capsule of the kidney is reached.
They are completely surrounded by the labyrinth,

If we now follow the course of the urine in its way from the
Malpighian body to the outlet of the tubule, we shall find that it
passes through the following divisions of the tubule: 1, the © first
convoluted tubule ;” 2, the “ descending branch of Henle's tube ;™
3, “Henle’s loop;” 4, the “ascending branch of Henle’s tube;”
5, the “second convoluted tubule ;” 6, the “ collecting tube.” Of
these, the two convoluted tubules are situated in the labyrinth ; all
the rest in the medullary rays and pyramid., All of the portions,
with the exception of the convoluted tubules and the loop, are
straight and lie parallel to each other (Fig. 131).

Before entering more particularly into the structure of the renal

which
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parallel to the bases of the latter, and, therefore, to the convex
surface of the organ, and are situated in the boundary-zone. The
arterial branches in this location form the
“arterial arcade.” From this arcade per-
pendicular branches, the “interlobular arte-
ries,” pass toward the eapsule, taking a
straight course through the labyrinth be-
tween the medullary rays. In this course
they give off branches, the “afferent ves-
sels,” which go to the Malpighian bodies.

Fra. 132,

Fiz. 133,

FiG. 182.—Diagram showing the course of the bloodvesscls within the kidney. (Ludwig.} a,
interlobular artery ; b, interlobular veing; ¢, Malpighian body, with the afferent ‘p'i.*li:ill.‘l
entering it from the interlobular artery, and the efferent vessel leaving i to take part in
the formation of the eapillary plexus between the renal tubules; o, vena stellata; ¢,
arterim reets; f, ven® recte; g, capillary plexus around the mouths of the exerelory

Fi6, 138.—Injected glomerulus from the horse. (Kdlliker, after Bowman.) a, interlobular
artery : of, afferent vessel; m, m, eapillary loops forming the glomerulus; ¢, efferent
vessel: b, capillary network in the labyrinth and medullary rays.

The main artery becomes smaller in giving off these branches, and

finally ends in terminal afferent vessels (IMig. 132).
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ries run, for the most part, parallel to the renal tubules, with com-
paratively few transverse anastomosing branches, For this reason
they have been called the “vasa recta.” They also receive blood
from little twigs given off’ from the arterial arcade,

The blood from the intertubular capillaries is collected in veins,
which run a course parallel to that of the arteries and lie in close
proximity to them. They have received names similar to those of
the corresponding arteries: “interlobular veins,” “venm reetm,”
and “ venous arcade.” Relatively large veins also leave the kidney
from beneath the capsule on the convex surface of the organ. They
are called the * stellate veins.”

The Malpighian body is enclosed by a thin fibrous eapsule
(Bowman’s capsule), which is perforated at two opposite points to
permit the passage on the one hand of the afferent and efferent
vessels, and on the other hand to allow of a communication between
its cavity and the beginning of the uriniferous tubule. When dis-
tended with blood the glomerulus nearly fills this eapsule, but when
collapsed it is retracted toward the attachment formed by the ves-
sels that pierce the capsule. It is covered by a single layer of epi-

Frz. 136.

Cross-gections of convoluted tubules lined with cells in different states of activity. (Disse.)

Fig. 135.—From a criminal directly after exeention. Cellz in a state of rest. The cells are
low and granular, and present a striation of their free ends resembling cilia.

Fig. 136.—From a cat. The cells are enlarged, because charged with material to be excreted,
and the striated border is nearly obliterated. Similar appearanees have been observed
in the human kidney, In one of the lower cells in this fzure o mint strintion of the
attached end is just discernible. This inereases in distinetness as the cell Decomes sur-
charged with excretory material, when the more central portion of the cytoplasm
becomes hyaling and containg the noelens.

thelial cells, which is reflected at that attachment and forms a lining
for the inner surface of the capsule to the point where its cavity
opens into the lumen of the renal tubule. Here the epithelial lining
becomes continuous with that of the tubule (Fig. 134).

The different portions of the uriniferons tubule differ in their
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interstitial tissue with its capillaries and lymphatics will complete
the picture (Figs. 137 and 138).

Fia. 137,

Sections from a rabbit's kidney, made perpendicular to the course of the straizht tabules,

Fig. 187 ~Through a portion of the pyramid: a, lower portions of the eollecting tubules

{exeretory ducts); b, Henle's loop in tangentinl section; ¢, capillaty bloodvessels; d,
Iymphatic; ¢, descending limb of Henle's tube,

Fig. 138 =Through part of a medullary ray and the adjoining labyrinth ; a, 4, a, o, convoluted
tabules in the labyrinth ; &, epiral tubule: ¢, descending limb of Henle's tube ; d, ascend-

ing limbk of Henle's tube: ¢, irregular tubule; 5, collecting tubule ; g, capillary bLlood-
vessel.

The nerves of the kidney are small and apparently not abundant.

Their larger branches follow the courses of the arteries.
11
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gsomething to do with the prevention of a loss of albumin (Fig. 139).
In disease of the kidney, alterations in the glomerulus and, per-
haps, in other parts of the kidney permit albumin to pass into the
secretion.

The epithelium lining the uriniferous tubules discharges its
seeretion into the lumen of the tubules, whence it is carried by
the stream flowing from the Malpighian bodies. The epithelial
cells lining the convoluted tubules and the ascending branches of
Henle’s tubes appear to be those most active in carrying on the
eliminative function of the kidney.

2. The pelvis of the kidney and its calices are lined with trans-
itional epithelium. It consists of only three or four layers of
epithelial cells of different shapes. The most superficial layer is
composed of rather large flattened cells, having ridges upon their
lower surfaces, which fill the spaces between the tops of the next
layer, This is made up of pear-shaped or candate cells, the hemi-
spherical tops of which fit into the cavities between the ridges on
the layer above, while their slender processes penetrate between

Fra. 140,

Epithelial cells from the pelvis of a human kidney. (Kieder.)

the oval or round cells that make up the deepest layers of the
epithelial covering (Fig. 149).

Beneath the epithelium is a coat of fibrous tissue, denser near the
epithelium and more areolar in its deeper portions. Here it is
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b. The submucous coat is of arveolar fibrous tissue, supporting the
mucous glands that open into the trachea, and the bloodvessels,
lymphaties, and nerves, and also little masses of adipose tissue, In
the neighborhood of the cartilages this fibrous tissue becomes con-
densed to form the perichondrium,

e. The cartilages are composed of the hyaline variety of that

Fia. 145,
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From a longitudinal sectlom throngh the trachea of a child. (Klein) a, the stratificd
ecolumnar ciliated epithelium of the internal free surface; b, the basement-membrane ;
£ the mucosa (tunica propria) ; , the network of longitudinal elastic fibres (the oval nuele
between them indicate connective-tissue corpuscles); & the submucous tissue, con-
taining mueouns glands; f large bloodvessels ; g, fat-eells; &, hyaline cartilage of the
tracheal rings. (Omly a part of the tracheal wall is given in the fizure)

tissue, and are incomplete rings, interrupted behind, where the two
ends are united by a band of smooth muscular tissue.

d. The fibrous coat i1s of areolar tiszue bevond the bounds of the
perichondrium, and serves to connect the trachea with its sur-
roundings,

3. The Bronchi.—The main bronehi branching from the trachea
have a structure similar to that organ, but the cartilaginous rings
become more delicate as the tubes diminizh in size.
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epithelium lining the bronchi gives place to a pavement-epithelium,
composed of small flattened cells disposed in a single layer. The
elastic tissue of the mucous membrane is continued through all the
divisions of the air-passages, and becomes a constituent part of the
alveolar walls of the lung itzelf.

The alveolar passages open into spaces, called the “infundibula,”
in the sides of which are the openings into the alveoli of the
lung, the ultimate destination of the inspired air. Here and there

Fia. 147.

Eeclion of lung of the dog, showing a transverse section of a bronehiole: a, bronehiole
little mucus covers the epithelinl lining); & muscular laver of the mucous membrane ; ¢,
¢, radicles of the pulmonary vein; o, alveolar nassage, just at its divigion to form infun-
dibula. An infundibulum extends from this passage toward the bronchiole. The wall
of the alveolar pazsage at this point iz similar in strocture to that of the pnlmonary
alveoli. ¢ alveolar passage in oblique section. This passage iz cut at a point further
from its opening into the infundibola, and has 4 somewhat thicker wall than o, The rest
of the section is made up of infundibula (the larger spaces) and pulmonary alveosli.

stray alveoli open directly into the alveolar passages (Figs. 147,
148, and 149).

4. The pulmonary alveoli and the smaller air-passages are so
arranged that there are no vacant spaces ; and neighboring alvecli,
whether they belong to a group of infundibula springing from
the same alveolar passages or to separate groups, are so closely
sitnated that they have but one common wall dividing their cavities






THE RESPIRATORY ORGANS. 153

The lung receives blood from two sources: 1, venous blood,
through the pulmonary artery, which is oxygenated in the walls of
the alveoli ; 2, arterial blood, through the bronchial arteries, This
arterial blood serves for the nourishment of the tissues of the lung,
and is distributed to the bronchi, interlobular connective tissue,
lymph-glands, and walls of the vessels. Part of this blood returns
through the pulmonary veins; the rest through the bronchial veins.

Fig. 149,

=i

=i

Bection of lung of the dog: «, oblique section of a broneliole ; &, its muscular coat ; ¢, longi-
tudinal section of an infundibulum, communicating to the right with an alveolar passage
(the wall of the latter is torn further to the right); o, one of the alveoli opening into ¢

The lvmpkatics arise in the walls of the alveoli and bronchi and
pass to the bronchial lymph-glands,

The nerves supplying the lung may be traced along the bronehi,
where they oceasionally connect with groups of ganglion-cells, and
along the vessels, They are of both the medullated and the non-
medullated varieties.

The surface of the lung is covered with serous membrane, a por-
tion of the pleura.

Little need be said about the functional aectivity of the lung.
The cilia, belonging to the columnar epithelium lining nearly the
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whole of the air-passages, possess a motion that urges particles
lodging in the muecus covering them toward the larynx, whence
they are either coughed out or are swallowed. Such solid particles
as iuu.-s.*s beyond the regions guarded by ciliated epithelium are taken
up by leucocytes, which frequently migrate into the alveoli and the
air-passages, and are conveyed by them into the lymphatic vessels
or glands.  Because of this the lymphaties and bronchial lymphatie
nodes are apt to be blackened by the deposition of carbon, except
in young individuals. The flow of air into the lung is the result of
atmospheric pressure, which tends to fill the thoracic cavity when the

F1a. 150.

Section of the lung of a dog, killed by ether-narcosis. The lung was hyperemic at the time
of death, and the capillarics retain their blood in the section. o, alveolus in cross-scc-
tion, communicating with the infundibulom, b A portion of the wall of the alveolus is
z¢en, in surface-view, at ¢ o, ¢, other alveoll opening into the same infondibulum ; f
erogg-gection of an infandibnlum with alveoli opening into it: g, surfice-aspect of an
alveolar wall, showing eapillary plexus filled with red blood-corpuscles.

chest is expanded through the action of the muscles of respiration.
The air is expelled from the lungs when those muscles relax, partly
hecause of the pressure exerted by the thoracie walls, but chiefly
because of the contraction of the elastie fibres in the alveolar walls.
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Becanse of their presence the lungs retract when the chest is
opened.

When sections of the lung are examined under the microscope
it is difficnlt, at first, to identify the different portions, which are
cut in all directions. The smaller bronchi may be recognized
by the presence of cartilage in their walls.  The bronchioles pos-
sess no cartilage, but are surrounded by a band of smooth mus-
cular tizsue, the musenlaris mucosse, This becomes thinner, then
incomplete, and finally disappears as the infundibula are reached.
The infundibulum, it will be remembered, is the space into which
the alveoli open. When seen in section it will appear as a round,
oval, or elongated space, according to the direction in which it
has been cut, bounded by seallops, each of which is the eavity of
an alveolus. In every section there will be many alveoli which
have been so eut that their openings into the infundibulum will not
be ineluded in the section. These alveoli have a continuous wall
gurrounding their cavities. Still other alveoli will have been cut
in such a way that a portion of their walls will lie in the plane of
the seetion and parallel to it, so that the flat surface of the alveolar
wall will be visible, surrounded by an oblique or eross-seetion, where
the wall meets the surface of the section. Those alveolar walls which
have been eut perpendicular to their surfaces will appear thinner
than those which have been cut obliquely. With these considera-
tions in his mind, the student can have little difficulty in identify-
ing the different portions of the section (see Figs. 147-150).
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spicuous near their centres, so that the lymphoid cells it contains
appear densely erowded ; but toward their peripheries the reticulum
is more pronounced and the cells a trifle more separated. At the
surface of the Malpighian body its reticulom becomes eontinuous
with that of the pulp surrounding it (Fig. 153).

F1G. 153.

Eeetion from human spleen. (Killiker.) A, capsale; b, b, trabocule ; e, e, Malpighian bodies
{(lymph-follicles), traversed by arterial twigs. In the follicle to the left, part of the
arterial twig is seen in longitudinal section; in that to the right, it appears in cross-
section to the right of the centre of the follicle. d, arterlal branches; ¢, splenic pulp.
The section is taken from an injected spleen.

The relations between the spleen and the blood flowing through
it appear to be very similar to those between the lymphatie glands
and the lymph passing throngh them. It seems to act as a species
of filter, in which foreign particles or damaged red blood-corpuscles
are arrested and destroyed.  In many infeetious diseases the splenie
pulp is inereased in amount and highly charged with granules of
pigment that appear to be derived from the coloring-matter of the
blood,  This is notably the case in malaria, in which the red cor-
puscles are destroyed by the plasmodium oceasioning the disease.
When bacteria gain access to the blood they are apt to be especially
abundant in the splenic pulp, and it is said that monkeys, which
are normally immune against relapsing fever, may acquire the dis-
ase if the spleen be removed before inoculation with the spirillum
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parathyroids, the adrenal bodies, the pitnitary body, the thymus,
and the carotid and coceygeal bodies,

1. The Thyroid Gland (Fig. 154).—This consists of a number
of alveoli or closed vesicles, lined with cubieal epithelial cells ar-
ranged in a single layer upon the delicate, vaseularized areolar tissue
which forms their walls and separates the neighboring alveoli from
each other. This fibrous tissue is more abundant in places, where
it serves to divide the gland into a number of imperfectly defined
lobes. At the periphery of the organ its connective tissue becomes
continuous with a thin but moderately dense fibrous capsule.

The individual alveoli differ both in respect to their size and their
contents. Many are more or less completely filled with a nearly
homogeneons, glairy substance, of a slight yellowish tint, called
“golloid,” while others appear to be occupied by a serous fluid.

Fia. 155, F1a. 156.

Eections of thyroid gland. (Schmid.)

. Fig. 165.—From a dog : a, colloid or secreting cells ; b, reserve cells (these differ only in their
gtates of activity) ; ¢, cells containing less colloid than o.
Fig. 156 ~From a cat: a, daughter-cells arising from the divizsion of an epithelinl eell.

The elaboration of this colloid material seems to be the funetion
of the organ, though it may have other less obvious duties.
The cells lining the alveoli may be divided into twe classes,
which differ in appearance (Fig. 155): first, those engaged in the
production of colloid, seereting cells; and, second, those in which
no colloid is present, and which are regarded as reserve cells,
The latter are eapable of multiplieation, thereby replacing such of
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The eolloid material subsequently finds its way into the general
eirculation, either by passing between the intact cells of the alveolus
(Fig. 157), or after a passage has been prepared for it through altera-
tions in certain of those cells (Fig. 158). The colloid is then taken
up by the lymphaties, through which it reaches the general cireula-
tion. This is an example of internal secretion which presents much
of interest. It is probable that a similar, but much less obvious,
process takes place in some of the ordinary secreting glands of the
body, certain elaborated materials being returned to the eirenlation
by the cells of the gland, while others are utilized for their nourish-
ment and for the elaboration of the more obvious secretion.

That the seeretion of the thyroid gland is of importance to the
general organism is shown by the effects of disease or removal of
the gland upon the general nutrition. Total extirpation of the
thyroid, together with the parathyroids, oceasions the death of an
animal within a few days, after symptoms of grave disturbances in
the central nervous system, among which are tetanic convulsions,
A partial removal of the gland, or its removal without that of the
parathyroids, caunses profound disturbances of nutrition, grouped
under the title *“ cachexia strumipriva.” The animal becomes weak,
drowsy, and emaciated ; the skin dry and sealy, with a loosening
of the hairs. In young animals the growth is retarded, especially
the development of the bones, throngh degenerative changes in the
epiphysial cartilages. In these, the intercellular substance becomes
swollen and disintegrated ; the cells atrophied or destroyed. Marked
changes, designated as myxwdema, alzo appear in the subcutaneous
tissue, which is converted into a species of mucoid tissue, probably
as the result of an altered metabolism within the pre-existent cells
of the tissue. The functional aetivity of the kidney is modified ;
after a while,albuminuria results. Exactly similar disturbances have
been observed in people suffering from disease of the thyroid gland.

The foregoing facts arve cited here in order to emphasize by a
striking example the statement previonsly made, that the organs of
the body are mutually dependent nupon each other,

Experimentation and clinical study have further shown that the
symptoms of myxcedema may be moderated or perhaps entirely
arrested by feeding with thyroid extracts, or still more markedly
by injecting extracts from thyroid glands beneath the skin, where
they would speedily pass into the lymphatics and thenee into the
general circulation.
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The bloodvessels of the thyroid are abundant, and form a rich
plexus in the areolar tissue between the alveoli. The lymphatics
are also abundant and large, forming a network of rather large ves-
sels in the same situation. The nerves accompany the vessels, are
destitute of ganglia, and have been traced to the bases of the epi-
thelial cells, whence they may occasionally send minute terminal
twigs with enlarged ends between the epithelial cells.

2. The Parathyroids (Iigs. 159, 160, 161).—These are two bodies

Seetion of o portion of the external parathyraid of a kitten two months old. (Kohn,) Show-
ing the columns of epithelial cells separated by a delieate, vascular areolar tissue. The
nuclei between the columns of epithelinm belong chiefly to capillary bloodvessels. m,
nt, nuelel exhibiting karyokinetie figures.

of identical structure, which are developed in conjunction with
the thyroid gland ; but, while the latter progresses in itz devel-
opment until it attains the structure already deseribed, the para-
thyroids retain a strueture similar to that of the embryonic thyroid.
They are composed of solid columns of epithelial eells, which anas-
tomose with each other, but are elsewhere separated by a small
amount of vaseular areolar tissne. They are enclosed in a very
thin capsule of areolar tissue, but are in very close relation to the
neighboring tissues of the thyroid gland (Figs. 159 and 161), and
frequently also with isolated follicles of thymus tissue.

Different observers vary in their opinions respecting the para-
thyroids. Some regard them as reserve thyroid tissue, remaining
dormant while the thyroid is functionally competent, but developing
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and denser internally, where it is reinforced in some animals by
smooth muscular fibres.  From
this capsule =epta of areolar tissue
penetrate into the substance of the
organ and constitute its interstitial
tissue. The parenchyma of the
organ consists of columns of epi-
thelial cells, which are differently
arranged and have a somewhat dif-
ferent appearance in different parts.
As the result of these differences the
organ has been divided into a cor-
tical and a medullary portion.

In the cortical portion the cells
are arranged in solid eolumns hav-
ing their long axes perpendicular to
the surface of the organ. Toward
the capsule these columns lose their
parallel arrangement and appear in
vertical sections as islets of cells
gurrounded by areolar tissue, the
“zona glomerulosa.” In the deep
portion of the cortex the cellular
columns form a meshwork and com-
pletely loge their fascicular arrange- . ..o.1 section of human adrenal body.
ment, This region is called the (Everth) 1, cortex; 2, medulla; g,
i = a lay 5 . capsule : b, zona glomernlosa ; ¢, sona

zona reticularis.”” The epithelial g, ionata: d zona reticularls: e,
cells in the cortical portion are poly-  groups of medullary cells; f, partial

b gection of a large vein.
hedral, and are frequently infiltrated
with numerons globules of oil or fat, which give that part of the
organ a vellow color,

In the medulla the interstitial tizsue of the organ encloses groups
of epithelial cells, which differ from those of the cortex in being
free from fat. They are also larger than those cortical cells which
contain no fat (Fig. 163).

The arteries of the adrenal bodies enter as numerons small twigs
at the surface of the organ and divide into ecapillaries within its
fibrous septa. These open into a venous plexus in the medulla,
which communicates with a single vein leaving the organ.

The nervous supply of the adrenal bodies is very abundant. The
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nations are distributed to the wallzs of the wvessels and penetrate
between the epithelial cells of the parenchyma.

As in the case of the thyroid gland, the relations of the epithelial
cells of the adrenal bodies to the lymphatics appear of special
interest. The lymphatic vessels are abundant and large, and accom-
pany the bloodvessels lying in the areolar tissne of the septa.
Here they come into close relations with the columns of epithelial
cells, and, at least in the cortex, send minute terminal branches
into those columns, where they end among the epithelial cells (Fig.
164). This arrangement of the lymphatics appears to point to the
elaboration of an internal secretion as the funetion of the adrenal
bodies. Small masses of lymphadenoid tissue are occasionally
observed in the cortical portion of the adrenal body.

4, The Pituitary Body.—The pituitary body (hypophysis cerebri)
is divisible into two portions, which differ both in their structure
and in their embryonic origins. The posterior, or nervous, lobe is
derived from a prolongation of the third cerebral ventricle. The
anterior, or glandular, lobe develops from a tubular prolongation,
lined with epithelial cells, from the buccal cavity of the embryo.
Thiz partially or completely invests the nervous portion of the
body, but its chief bulk is situated in front. The connection with
the buecal eavity is obliterated, and, in the further development of
the detached portion, a number of anastomosing columns of epi-
thelial cells are formed, which are separated from each other hy
septa of vascular areolar tissue. These septa become continuous
at the periphery with a thin fibrous capsule furnished by the pia
mater.

The cells of the epithelial strands in the glandular lobe appear
to be of two sorts, which, like those in the thyroid gland, probably
represent different stages of functional activity. The darker sort
of cell yields microchemical reactions resembling those of colloid ;
and little masses of colloid, presumably derived from those cells,
are of not infrequent oceurrence within or at the margins of the
epithelial columns (Figs. 165 and 166).

The glandular lobe is richly supplied with capillary bloodvessels
in intimate relations with the epithelium, from which they often
appear to be separated by only a thin basement-membrane, and the
existence of this is doubtful in some situations (Fig. 167).

The above deseription shows that the strueture of the hypophysis
15 similar to that of the other duectless glands already considered.
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Its function is still very obscure ; but it appears, in cases of ex peri-
mental thyroidectomy and in disease of the thyroid in the human
subject, to enlarge when the function of the thyroid gland is abol-
ished and to assume vieariously the duties of that organ. In how
far this points to a normal similarity in funetion of the two organs
must, at present, be left undetermined. In ecases of enlargement
of the pituitary body profound changes in nutrition, characterized
chiefly by overgrowth, frequently take place in the bones of the
skeleton (acromegaly).

The nervous supply of the anterior lobe consists of non-medul-

FF1a. 167,

Eection from the glandular lobe of the hypophysiz: child six months old. {(Lothringer.)
The close relations between the epithelial eells and the capillary bloodvessels, amd the
differences in the cells, are indieated in this figure. The red blood-corpuscies within the
capillaries have been stained dark.

lated fibres, destitute of ganglion-cells, which ramify about the
vessels and send some of their terminal twigs between the epithelial
cells.

The posterior lobe consists of tissues resembling those of the
central nervous system : ganglion-cells, non-medullated fibrils, and
neurogha-cells, Within its substance there are also peculiar oval
bodies surrounded by nervous terminations, to which sensory fune-
tions have been attributed, and small follicles, lined with eubical
epithelium.
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sinuses, corresponding to those in the lymphatic nodes, are present
in the thymus (Fig. 169).

The function of the thymus is still a matter of doubt. It has
been regarded as one of the sites in which red blood-corpuseles are
formed, and also as a temporary lymphadenoid organ playing the
part of the lymph-nodes until these have become fully developed in
other parts of the body,

The thymus is connected with the thyroid by a strand of thymus-
tissue, and isolated thymus-lobules are found embedded in the
edges of the thyroid, near the parathyroid body (see Fig. 159).

The bloodvessels ramify in the septa of the organ and send
branches into the lymphoid follicles. The lymphatic vessels accom-
pany the bloodvessels and surround the lobules, but do not appear

Fia. 170,

Section of the carotid gland and carotid arieries near iheir origin, (Marchand.) e, internal
earotid; e, external earotid; gle, carotid gland: L !, groups of epithelial cells; {, fibrous
tizggne between the epithelial groups; g, bloodvessel, Numerous vessels are also seen
within the gland.

to penetrate into the lymphadenoid tissne. The nerves are small
~and not numerous. They accompany the bloodvessels, but nervous
terminations have not been traced as distributed to the lymphade-
noid tissue.
The involution of the gland appears to be accomplished through
13
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a variable amount of fat, but more compactly disposed in the super-
ficial portions, where it comes in contact with the epidermis, into
which it projects in the form of papille. Some of these papille
contain loops of capillary bloodvessels, while others are occupied
in their centres by peculiar nerve-endings, called “ tactile corpus-
cles.” In some situations, notably upon the palms and soles, the
papillze of the corium are arranged in rows. In most parts of the
skin they are irregularly scattered over the surface of the corium
(Fig. 173).

The epidermis (Fig. 174) is a layer of stratified epithelium in

Fie. 174.

Vertical section of the epidermis of the finger. (Ranvier.) o, stratum eorneam, or horny
laver: b, stratum Incidum ; ¢, stratum granulosum ; o, rete mucosum ; € ' prickles” on
the cells bordering on the corium, which is not represented.

which the cells multiply, where they are situated near the corium,
and gradually suffer a conversion into horny secales as they are
pushed toward the surface, where they are eventually desquamated.
The changes the cells undergo in their journey from the deeper
layers of the epidermis to its surface cause variations in their
appearances which have oceasioned a division of the epidermis into
a number of more or less well-defined strata. The deepest stratum,
where the cells multiply and grow, is called the “rete mucosum.”
It is composed of cells which gradually enlarge, becoming rich in
eytoplasm, and are connected with each other by minute eytoplas-
mic “ prickles,” between which there is a space affording a channel
for the circulation of nutrient fluids (Fig. 39). Above the rete
mucosum the cells appear more granular, owing to the formation
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The sebaceous glands can best be described in connection with
the hairs and their follicles, .

The bulbous attachment, or “root,” of the hair, and the adjacent
portion of its shaft, are contained in an invagination of the corium
and epidermis, called the * hair-follicle” (Fig. 173, 7). This is sur-
rounded by fibrous tissue, forming its external eoat, which may he
imperfectly distinguished into an outer layer, containing relatively
abundant longitudinal fibres, and an inner layer, in which encircling

oo

Seetion through the eoiled end of a sweat-gland. (Klein.) a, b, duet in longitudinal and
eross-section ; ¢, o, seetions of the secretory portion of the tnbule. Above d is a little adi-
pose tissue. The rest of the section is composed of vascularized areolar tissue,

fibres predominate. At the bottom of the follicle this fibrous tissue
becomes continuous with that of a vascularized papilla, similar to
those existing on the surface of the corium, which projeets into the
root of the hair.

The fibrous sac constituting the outer part of the hair-follicle is
lined with a eontinuation of the epidermis, leaving a eylindrical
cavity occupied by the hair. This layer of epithelium is reflected
upon the surface of the papilla, where it forms the root of the hair,
and then passes into the shaft, which is made up of cells, derived
from those of the root, that have suffered keratoid degeneration.

The epithelium lining the follicle, az well as that which composes
the hair, is not of uniform character thronghout, and has been divided
into a number of layers, to which different observers have given
special names, The group of cells surrounding the papilla are the
seat of the multiplication which results in the growth of the hair.
Upon the surface of the shaft these cells become transformed into
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make up the chief mass of the hair-shaft. In the centre of this
mass there is sometimes a line of more loosely aggregated cells,
forming the “medulla” of the hair. When this is present the sur-
rounding part of the shaft, between it and the cuticle, is known as
the ““ cortex” (Figs. 177 and 178).

The sebaceous glands (Fig. 173, d) are sacculations in the corium
near the hair-follicles, which are filled with epithelial cells. The
cells at the periphery divide, and, as they increase in size, push

Fig. 178.

Haljr-follicle from the human sealp. (Mertsching.) Cross-section from middle third of
the follicle: b, longitudinal and encircling layers of the fibrous coat; ¢, hyaline layer,
formed of an outer faintly fibrillated and an inner more homogeneous lamina, & ; ¢, outer
root-sheath, continuons with rete muecosum of epidermis ; f, Henle’s sheath; g, Huxley's
layer; h, cuticle of root-sheath; k, cuticle of hair; I, cortical cells of the hair; m,
medulla.

each other toward the centres of the sacs. Here they undergo a
fatty degeneration, ending in destruction of the cells and the forma-
tion of an oily secretion, the sebum, which is discharged into the
hair-follicle a short distance below its opening on the surface of the
skin. The sebum is a lubricant for both the hair and the epi-
dermis (Fig. 179).

The color of the epidermis and of the hair is due to a pigmenta-
tion of the cells in the deeper layers of the rete mucosum and those
ecompoging the hair. The whiteness of the hair which comes with
years is due to little spaces which appear in unusual numbers
between the cells of the cortex, and are filled with air, reflecting the
light and masking the pigmentation of the cells.

The nails are especially thick and condensed masses of epithelial
cells which have undergone keratoid degeneration and are closely
compacted. They are produced at the root of the nail, and as they
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The skin contains little muscular bands, the arrectores pili (Fig.
173, mh), composed of smooth muscular fibres, which are attached
to the fibrous coat of the hair-follicles near their deep extremities
and to the superficial layer of the corium on the side of the fol-
licle toward which the hair leans. The action of these mus-
cles is to cause the hair to assume a more vertical position, and
to raise it and the follicle, producing the effect known as “ goose
flesh.,” By their contraction they may also aid in the discharge
of sebum, since their fibres often partially invest the sebaceous
glands,

The functions of the skin have reference to its being the organ
coming in contact with the external world. The epidermis protects
the underlying tissues from mechanical and chemical injury and
from desiccation. The keratin in its horny layer forms an imper-
vious and tough investment of the body, which is highly resistant
toward chemical action and mechanical abrasion, and is constantly
renewed from the layers that lie beneath it. It is kept in a pliable
condition by the sebum discharged upon its surface and by the
moisture proceeding from the sweat-glands, the “insensible perspi-
ration.” The skin also plays a prominent »défe in the regulation of
the bodily temperature. When its vessels are contracted the amount
of heat given off from the surface of the body is reduced ; when
they are dilated, it is increased. A further loss of heat is occa-
sioned by an increased secretion of sweat, which bathes the surface
of the skin and abstracts from the body the heat required to con-
vert it into vapor. Under the influence of sudden and marked
eold the wvessels of the skin become much contracted and the
arrectores pili shorten, oceasioning the production of a roughness
of the skin, goose-flesh, and probably also a discharge of se-
bum, which reduce the evaporation from the skin. At the same
time a reflex rhythmical contraction and relaxation of the volun-
tary museles is brought about—shivering, which increases the
liberation of stored energy within the body, and causes it to appear
as heat. In conjunction with these functions the skin is also an
organ of tactile and thermal sensation, functions which are not
merely beneficial in themselves, but are useful auxiliaries in the
furthering of the other functions exercised by the skin. It is a
common experience that the sensation of cold stimulates the desire
for muscular exercise, of which the liberation of heat is a result.
The senszation of pain often gives timely warning of exposure to an












CHAPTER XVII.

THE REPRODUCTIVE ORGANS,
I. IN THE FEMALE.

TuE female reproductive organs are: (1) the ovary, in which the
egg is produced ; (2) the Fallopian tube, through which it is con-
veyed to (3) the uterus, where it develops into the fietus, and from
which the child at maturity passes through (4) the vagina and (5)
external genitals into the external world.

1. The Ovary (Fig. 185).—The free surface of the ovary is cov-
ered with a single layer of columnar epithelium, called the “germinal
epithelium.”  Beneath this the substance of the organ is composed
of a vascularized fibrous tissue, the “stroma,” which is slightly dif-
ferent in the details of its structure in different parts of the organ,
Immediately beneath the germinal epithelium it is slightly richer
in intercellular substance than in the subjacent parts, so that the
organ appears to have a proper fibrous coat. This coat is not dis-
tinct, however, and gradually passes into a highly cellular form of
fibrous tissue, in which the spindle-shaped eells arve separated by
only a small amount of a delicate fibrous intercellular substance,
Toward the hilum of the ovary this connective tissue passes into a
more distinetly fibrous tissue, containing a larger amount of inter-
cellular substance and cells that are less prominent.  In this portion
of the stroma the larger vessels supplying the organ are situated,
and from it they send smaller branches throughout the stroma of
the organ.  Within the more cellular regions of the stroma are the
struetures known as the Graafian follicles, each of which contains
an ovum. In order to understand the strueture of these Graafian
follicles it will be well to trace the history of their development.

The Graafian follicles and ova are derived during feetal life from
the germinal epithelinm covering the ovary. From this layer of
cells little columns of epithelium make their way into the stroma,
where they become broken up into small isolated groups, in each of
which one of the cells develops into an ovum, while the rest con-
tribute to the formation of the Graafian follicle. This mode of origin

207
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Eection of young corpus lnteum, four days after coitus.  The proliferating connective tissue
has nearly filled the cavity of the follicle, only a small mass of fibrin remaining in its
centre. The young connective tissue is highly vascularized, the blood in some of the
capillaries being represented, g. e, germinal epithelivm. Below is the margin of a
Graafian folliele, with' its membrana grannlosa.

muscular coat are situated. This is followed by an internal mus-
cular coat of encireling bundles of smooth museunlar tissue, inside
of which is the submucous coat of areolar tissue, containing a few
scattered ganglion-cells,
- The mucous membrane consists of a highly cellular connective
e ﬁaﬁue eovered with eiliated columnar epithelinm. Dﬂrmg life these
- cilia propel toward the uterine cavity substances coming into con-
ﬁgﬁmﬂi them. Toward and at the fimbriated extremity of the
~ tube the mucous membrane is thrown into deep longitudinal folds,
~ upon which are numerous semudary and tertiary folds, but further
~ toward the uterus these folds give place to branching villous pro-
- Jjections into the lumen (Fig. 189). Toward the uterine end of the
'-- tu]:e these complicated folds and villi disappear and the lumen of
~the tube becomes round or stellate,

3 The Uterus.—The external surface of the uterus, throughout
most of its extent, is covered by a reflection of the peritoneum.
Bh;l,legth this are three distinet coats of smooth muscular tissue, the
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substance, in which fibres can be distingnished only with difficulty.
The surface of the mucous membrane is covered with a layer of
ciliated columnar epithelium, which is eontinued into long tub-
ular glands penetrating the superficial portions of the muscularis
mucose, where they frequently branch before terminating in blind
extremities. It should be borne in mind that at the extremities of
these glands the whole tubule is often filled with epithelial cells, o
that no lumen is wisible. In their course into the mucous mem-
brane these glands are usually straight at first, but in their deeper
portions become tortuous (Figs. 190 and 191).

i e A e AR A L T T,
R R
Bection through the uterine wall of a mabbit, near one of the cornua,  (Hchiiffer.) m, gland-
ular portion of the mucons membrane; m, m, muscularis mucose ; a, sulanueosa of are-
olar tissne, containing the large bloodvessels which send branches into the stroma of the
mueous membrane; em, circular layer of the muscular coat; Im, longitudinal, thicker
layer of the muscular coat: & serous coat, derived from a reflection of the peritoneum.

During the childbearing period of life the portion of the mucous
membrane resting upon the muscularis mucoss is the seat of active
changes which pass throngh a eyele corresponding to each men-
strual period, but interrupted by a special series of changes during
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cellular tissue between the uterine glands becomes more hyper-
plastie than during the intervals separating the menstrual periods,
and at the same time the cells composing it become hypertrophied,
until they closely resemble large epithelial cells. These cells have
been ealled  decidual eellz” The ovum, when it reaches the
cavity of the uterus, becomes embedded in this tissue, which grows
around and encloses it, after which it iz differentiated into three
portions. The part beneath the ovum iz called the decidua sero-
tina ; that which invests the ovum, the decidua reflexa ; and that
lining the rest of the uterine cavity, the decidua vera,  While the
decidual tissue is developing and its cells enlarging the uterine
glands suffer changes. Their mouths become widened, and their
lower portions down to the muscularis mucosse dilated, after which
the epithelial lining atrophies and seems to disappear, so that the
lumina of the glands appear as spaces in the decidual tissne.  As
the ovum enlarges, the decidua reflexa comes in contact with the
decidua vera, and the two layers exert a mutual pressure upon each
other, which flattens the spaces they contain and may obliterate
many of them. The decidnal tissue now consists of a number of
flattened spaces which are separated from each other by thin walls
of fibrous tissue produced by the further development of the de-
cidual tissue. The decidua reflexa and the decidua vera blend
with each other to form a part of the membranes that are expelled
from the uterus, along with the placenta, after the birth of the child,
the rest of the membranes and most of the placenta being derived
from the fietus, After the birth of the child and the expulsion of
the membranes the mucous membrane is regenerated from the tis-
sues remaining in the superficial layers of the musculariz muecose.
The mueous membrane of the eervieal portion of the uterns does
not participate in these changes incident to menstruation and preg-
naney, and the connective tissue underlying its epithelial lining is
more fibrous in character than that in the corresponding part of the
uterine body. Abount the middle of the cervieal canal the ciliated
epithelium, which is continuous with that of the body, passes into
a stratified epithelium, which extends over the cervix uteri, the
portio vaginalis, and the inner surface of the vagina to join that of
the epidermis upon the labia minora. The fibrous tissue beneath
this stratified epithelium possesses papille similar to those upon the
skin, and contains mucigenons glands, which seerete a tenacious
mucus serving to close the cervical canal during pregnaney. The
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coat is a layer of areolar tissue connecting the vagina with the
neighboring parts, except at its posterior and npper part, where it
is covered with a serous membrane, forming part of the peritonenm.

2. The External Genitals.—The hymen iz a fold of the mucous
membrane, and consists of fibrous tissue with a covering of strati-
fied epithelium. The same general structure obtains also in the labia
minora, prepuce, and labia majora ; but the labia minora and prepuce
are destitute of fat, while the labia majora contain considerable adipose
tissue.  All three organs are supplied with sebaceous glands, which
are numerous beneath the prepuce and are associated with hairs only
on the labia majora. The latter also contain fibres of smooth mus-
cular tissue, corresponding to the analogous dartos of the serotum.
The bulbi vestibuli, erura of the clitoris, and the body and glans of
that organ are composed of erectile tissue. The glands of Bartholin
are compound racemose glands, in which the alveoli are lined with
a columnar epithelinum resembling in structure that of the mucous
glands in other parts of the body. The epithelium lining their
duets is of the cubical variety.

The parovarium is a remnant of the Wolflian body of the fretus,
consisting of a series of blind tubules lined with epithelium (Fig.
185). It is situated between the Fallopian tube and the ovary. The
remains of the Wolfhian duet and of the duct of Miiller, having a sim-
ilar structure to the tubules of the parovarinm, are sometimes per-
sistent, the one connected with the parovarium, the other with the
extremity of the Fallopian tube. These structures are of interest
because tumors oceasionally arise from them.,

The Maturation of the Ovum.—Before the ovarian ovum iz ready
for fertilization it must undergo two divisions, during which the
amount of chromatin left in the mature egg is reduced one-half.
The first division results in the formation of two cells, which differ
enormously in the amount of cytoplasm they possess, but which
have equal shares of the chromatin in the original nueleus. The
smaller of these two cells is known as the “ first polar body.”  After
its separation from the larger cell both cells divide again, withont
an intermediate growth of the chromatin. In this second divizion
of the larger cell the two resulting cells are again very unequal
in gize, the smaller being the ““ second polar body.”  The first polar
body having also divided, there result from these sucecessive divis-
ions one mature egg and three polar bodies, each with only half
as many chromosomes in its nucleus as are commonly found in the
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fied epithelium of the epidermis extends for a short distance into
its lumen. A little below the base of the nipple the duct presents
a fusiform dilatation, called the “ampulla,” which serves as a reser-
voir for the comparatively small amount of milk seereted in the
intervals between nursings.

The main duet branches in its course from the nipple into the
deeper portions of the gland, and these branches give off twigs,
which terminate in the alveoli of the gland. The columnar epithe-
linm lining the main duct gradually passes into a cubical variety
in the branches, and this becomes continuons with the epithelial
lining of the alveoli. The terminal branches of the ducts are short,
so that the alveoli opening into them lie close together and are col-
lectively known as a “lobule” of the gland. These lobules are, in
turn, grouped into lobes, each of which corresponds to one of the
main duets of the breast.

The individual alveoli and the lobules are surrounded by fibrous
tissne, which may be subdivided into an intralobular and an inter-
lobular portion, the latter more abundant than the former. This
fibrous tissue supports the vessels and nerves supplied to the gland,

The character of the epithelium lining the alveoli varies with the
funetional activity of the gland.

Before puberty the secreting acini are only slightly, if at all,
developed, the mamma consisting of a little fibrous tissue and the
duets of the gland, which possess slightly enlarged extremities,

When the gland has become fully developed, at or about puberty,
the epithelial cells lining the acini are small and granular and nearly
fill the diminutive lumina. The fibrous stroma is, at this period,
abundant and makes up the chief bulk of the breast.

When the gland assumes functional activity the eells enlarge
and multiply (Fig. 194), and the lumina of the acini become dis-
tinet and filled with a =zerons fluid. Into this fluid a few fat-globules
are discharged from the epithelial lining, forming an imperfect milk,
very poor in cream and differing in the proportions of the dissolved
constituents from the milk that is produced after the funetion of
the gland is fully established. This secretion is called “ colostrum.”
Besides the scant supply of fat-globules which it contains, it is fur-
ther charaeterized by the presence of so-called colostrum-corpuseles,
These are leucoeytes which have wandered into the acini of the
gland from the bloodvessels in the interstitial tissue, and have taken
some of the fat-globules of the secretion into their eytoplasm. This
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When lactation is suspended the breast at first secretes a fluid in
every way resembling colostrum, and eventually returns to the dor-
mant state, in which the cells are again small and granular and the
stroma is relatively abundant,

As the glandular portion of the breast enlarges during lactation,
the whole breast becomes inereased in size, but this inerease is not
proportional to the development of the alveoli, for the stroma is
reduced in amount, so that the lobules of the gland are closer to
each other. After the period of lactation is passed the alveoli
return almost to their original size, but the stroma is not repro-

Fic. 196.

Beetion from the mammary gland of a guinea-pig during lactation.  (Michaelis) The figure
represents sections of two acini and the margin of a third, separated by vaseularized
arenlar tizsne. a, fat-globule, geparated from the lumen by a mere film of evtoplasm ; b,
projecting cell with two nmelei: e, two nuelei which appear to have been produced by
constriction of a single pre-existent nuclews.

duced in fibrous form, but its place is taken by adipose tissue, the
amount of which depends upon the individual, being great in
those that are fat, and slight in those that are lean. In the
latter, therefore, the breast becomes soft and pendulons after
lactation has ceased.

It is important to bear the above changes in the normal gland in
mind when examining the mamma for evidences of a tumor. When,
for example, the stroma is abundant and the glandular stroctures
undeveloped, as is the ease before puberty, sections of the gland
may be mistaken for those of a mammary fibroma.
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open into the intertrabecular spaces, discharging blood into those
enormously dilated wvenous radicles,  Here
and there arterial twigs, surrounded by an

Fic. 197.

investment of fibrous tissue, project from the
trabecule into the venous spaces.  These,
because of their twisted forms, have received
the name helicine arteries (Figs. 197 and 198).

The structure of the corpus spongiosum is

Fic. 108

Fig. 197, —=ection of injected corpus cavernozsum. (Henle) a, fibrous capsule; b, trabecnloe
&, gection of the arteria profonda penis.  All the spaces are filled with the material used
for injection. :

Fig. 198 —Helicine arteries. A, B, €, from the corpns cavernosum; I, from the corpus
spongiosum ; * %, fibrous bands forming a part of the trabecular network.,

gimiliar to that of the corpora eavernosa, but the trabeculie are
more delicate and the spaces between them of more uniform size.
Its sheath is studded with papillee where it covers the glans, at the
edge of which they are unusually large. They are covered with a
layer of stratified epithelium, which conceals them over the surface
of the glans, where they are comparatively small, but merely invests
the larger ones at the corona. This layer of epithelium is continu-
ous with that of the =kin covering the rest of the penis, which is
elsewhere loosely connected with the underlying structures by
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supposed, during erection, to serve as a dam, preventing the entrance
of semen into the bladder.

The ejaculatory duets divide behind the prostate, one branch
forming the duet of the seminal vesicle, while the other becomes
continuous with the vas deferens,

3. The Seminal Vesicles.—These are tubular sacs ending in blind
extremities, with oceasional saccular branches given off from their
sides. They are lined with a mucons membrane covered with columnar
epithelinm, resting upon areolar fibrous tissue. Outside of this is
a muscular coat confaining internal eircular and external longi-
tudinal fibres, and surrounded by an ill-defined fibrous coat that
passes into the general areolar tizssue of the region. The sgeminal
vesicles sometimes contain semen, for which they may serve as a
temporary reservoir, but they also secrete a fluid that is mixed with
the semen at the time of ejaculation.

4. The Vasa Deferentia.—The vas deferens of each side resembles
the seminal vesicle in structure. It is lined with eolumnar epi-
thelium, beneath which is a layer of areolar fibrous tissue, resfing
upon the muscular coat. This is surrounded by fibrous tissue,
becoming areolar as it blends with that of the neighboring parts.
The muscular coat is thicker than that of the seminal vesicle, and
iz divisible into an inner layer of cirenlar and an outer layer of
longitudinal fibres. The mucous membrane, like that of the sem-
inal vesicle, is thrown into folds, which are lengitudinal throughout
most of the course of the vas deferens, but are irregular in the
sacenlated distal portions of the tube, giving the surface a retieu-
lated or alveolar appearance.

5. The Epididymis.—The vas deferens of each side beeomes con-
tinuous with the canal of the epididymis, which is an enormously
long tube, twenty feet, so convoluted and packed together as to
oceupy but little space. It is lined throughout with columnar epi-
thelium, continuons with that of the vas deferens ; but, except for a
ghort distance from the junction with the vas, the cells possess cilia
of considerable length, which induce eurrents toward the vas deferens.
The musenlar coat of the latter is continued in the epididymis, but
is very thin. Opening into the canal of the epididymis are the vasa
efferentia of the testis,

. The Testis.—The testis is a compound tubular gland, of which
the seeretion contains the spermatozoa. The latter are derived from

certain of the cells lining the tubules, and contain within their
15
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interstitial tissue just mentioned contains large eytoplasmic cells

of connective-tissue origin, which frequently contain globules of
fat or granules of pigment, and in many instances, in man, have
been observed to contain crystalloids of proteid nature. It has
been surmised that these cells may serve for the storage of nutri-
ment required by the active proliferation of the cells that produce
the spermatozoa within the seminiferous tubes (Fig. 200).

Fia. 204,

Interstitial tissue in the testis of the cat. (Plato.) Three bloodveszels are shown in either
eomplete or partial section.  Portions of two seminiferous tubules are represented at the
upper corners. Between these stroetures is the interstitial tissue, containing large eyto-
plasmie cells. This tissue is rather more abundant in this instance than in the human
subject. .
Each seminiferous tube iz provided with a basement-membrane,

upon the inner surface of which are epithelial eells.  These are di-

visible into three groups : first, a parietal layver of cells, the “gper-

matogonia,” lying next to the basement-membrane; second, a layer
of cells, often two or three deep, called the “spermatoeytes,” lying
upon and derived from the spermatogonia ; third, the “spermatids,”
lying most centrally. The spermatids are derived from the spermato-
eytes, and are the elements from which the spermatozoa develop,
one spermatozoon being formed from each spermatid,

The cells of the parietal layer, that containing the spermatogonia,
are not all alike. At intervals certain cells, called “ sustentacular”






THE REPRODUCTIVE ORGANS., 229

Fia. 204. FiG. 205.
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“hasal plate,” directly upon the basement-membrane, where the
edges of the basal plates are in contact, forming a sort of bed
with depressions in its upper surface, in which the spermatogonia
find lodgement. The cells of Sertoli possess a thick cytoplasmic
process, which extends toward the lumen of the tubule, and to
which those spermatids which are developing into spermatozoa
become attached. For this reazon they are called sustentacular
cells. Their nuelei differ from those of the neighboring spermato-
gonia in being less rich in chromatin and

in possessing a single and prominent nu- Fig. 214,

cleolus.

The appearances of the various cells
enumerated depend upon the stage in
their activity which happens to be under "|| 1 ¢
observation. The general course of de-
velopment, ending in the formation of
the spermatozoa, is as follows: the .
gpermatogonia, between the eells of Ser-
toli, multiply until quite a collection of d
such cells is produced. Iach division is
followed by a period of rest, during which
the chromatin inereases in amount. When
the final stage of rest is at an end and the
cells have attained their maturity, they

constitute what arve called the primary E
spermatocytes. These now divide, each ’ J =3
forming two secondary spermatocytes,

which in turn divide, without an inter- Humanspermatozoa. (Bihm and
Davidoff, after Retziug and

mediate distinet resting-stage, to form  jensen) The left figure repre-
two spermatids. Each primary spermago- Sens the side view and the

; : middle fgure surface-view of
eyte, therefore, eives rize to four sperm-  a spermatozoon. o, head (nu-
yie, y B
s . % : s e , clens); & end-knob (ecentro-
atids. It is during the division of the [ ™ © L o0 piece: d,
secondary spermatocytes that the redue- tail of flagella; ¢ end-picce.
. ¥ % e : . The thickness of « may be
tion in chromatin, which was mentioned

awing to the presence of a
ahaove. takes Plﬂﬂﬁ {Figﬁ QUE_Q[SL Eaclhh sheath surronnding the actual
% 5 - ; ; e . flagella, which projects from
spermatid receives, in addition to its por- e sheath at e
tion of chromatin, a single eentrosome.
The spermatozoon, then, iz derived from a corpusele, the spermatid,
which eontains all the essential organs of a cell, differing from the gen-

eral cells of the body, the somatic cells, only in possessing half the
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with each other and open into a number of straight duets of
smaller diameter, called the * vasa recta.” These are lined with
a cubical epithelium resting upon an extension of the basement-
membrane of the seminiferous tubes, and, in turn, open into a
reticulum of tubules of larger diameter, situated in the mass of
areolar tissue at the posterior aspect of the testis, This reticulum
is called the “rete vasculosum,” and the tubules composing it are
lined with a low epithelium, apparently resting upon the surround-
ing fibrous tissue, without an intermediate basement-membrane,
These tubes permit an accumulation of semen before it enters the
vasa efferentia.

The vasa efferentia have a peculiar epithelial lining, which may
be regarded as transitional between the cubical epithelium of the
vasa recta and rete and the ciliated columnar variety lining the
epididymis. It consists of alternating groups of cubical and
ciliated columnar epithelial cells (Fig. 216).

Fia. 216.

Section of vasa efferentia from human testis, (Bdhm and Davidodll) a, cubical or seeretory
epithelinm ; &, colomnar eiliated epithelivm, with deeper pyramidal eclls beneath those
that bear the eilin. This form of ciliated epithelivm eorresponds to that found in the
epididymis where the cubical epitheliom is absent,

The vasa efferentia, as already stated, open into the canal of the
epididymis, through which their contents reach the vas deferens,
The walls of the efferent tubes possess a layer of encireling smooth
muscular fibres, which are reinforced in the epididymis by an addi-
tional external layer of longitudinal fibres,

The nerves supplied to the testis are destitute of ganglia, and are
distributed to the vessels and surfaces of the seminiferous tubules.
No terminations have been traced to the epithelial lining of those
tubules,
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FANTERIDR

{‘-% ROOT-BUNDLES

Transverse section of human spinal cord, feom the middle lnmbar region, (Schiifer,) a b, e,
groups of ganglion-cells in the anterior horn ; o, eells of the Iateral horn: o, middle
group of eells; f, cells of Clarke's eolumn; g, cells of posterior horn; o e, central canal;
a, ¢, anterior commissure of white matter,

In cross-section this column of gray matter presents a transverse
central portion, the gray commissure, near the middle of which is
the central canal. At each side this gray commissure blends with
masses of gray matter, oceupying nearly the centre of each lateral
half of the cord and having a general crescentic form. The ends
of these crescentic masses form the anterior and posterior cornua
of the gray matter, from which the anterior and pu.‘il{?riﬂl‘ roots of
the spinal nerves proceed, The anterior cornua are larger than the
posterior and eontain larger ganglion-cells,

Surrounding the column of gray matter evervwhere, except at
the bottom of the posterior median fissure of the cord, and the
interruptions formed by the nerve-roots in their exit from the gray
matter, is a layer of white matter, formed of medullated nerve-
fibres running parallel with the axis of the cord and held together
by neuroglia and delicate vaseunlarized fibrous bands proceeding
from the deep surface of the pia mater.

The white matter of the cord has been divided into a number of
columns, for the most part indistingunishable through structural dif-
ferences, but each containing fibres that play similar funetional réles,
These columns, with their names, are indicated in Figs, 218, 219,
and 220. The eolumns of Goll and Burdach, forming the posterior
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fibres. It is also a nerve-centre of complex constitution, in which
neurpns terminate in teleneurites or arize in teledendrites,

Some of the neurons within the cord are confined to its substance,
and constitute nervous connections between the different parts at
various levels. These may be termed longitudinal commissural
neurons, or association-fibres, Portions of such neurons are repre-
sented in the diagram of a ecross-section of the cord (Fig. 221),
which also contains representations of some of the neurites in the
posterior spinal nerve-roots, with their collaterals ending in tele-
neurites within the gray matter (d).  On the right side of the figure,
the nerve-cells, with their dendrites and the beginning of the neu-
rites, are shown. On the left side the neurites connected with cells
at another level are shown, re-entering the gray matter, where they
terminate in teleneurites. In studying this ficure it must be borne
in mind that the teledendrites of the neurons on the right are in
close relations with the teleneurites of other neurons, and that the
teleneurites represented on the left are in close relations with the
teledendrites of other neurons. These assoeiation-neurons are,
therefore, merely links in chains of communicating neurons.  They
are again represented in Fig. 224, D and F.

Aszide from these association-neurites, the gray matter of the
cord receives innumerable collaterals from the neurites forming the
axis-eylinders of the nerves in the various columns of the white
matter. These eollaterals terminate in teleneurites, which are in
close relations with the teledendrites of the neurons arising in the
cord. The distribution of these collaterals is represented in Fig.
222, The collaterals from the anterior column enter the anterior
horn of the gray matter, where they are chiefly distributed about
the large ganglion-cells in the antero-lateral portion of its substance
(Fig. 218, b; Fig. 221, j), but may also extend to other parts of
the gray matter. The collaterals from the fibres in the lateral
columns of the white matter are most numerous near the pos-
terior horn, which they enter, many of them passing through the
gray matter behind the central canal and forming a part of the
posterior or gray commissure of the cord (Fig. 222, I). The col-
laterals from the posterior column are divisible into four groups:
first, those which are given off’ in the lateral portion of that column
(Fig. 222, G), and are distributed in the outer portion of the pos-
terior horn and in the substance of Rolando (Fig. 222, T); second,
those which end in Clarke’s column (Fig. 222, J); third, those
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THE CENTRAL NERVOUS SYSTEM. 241

into two branches (Fig. 221, »). One of these ascends in the white
substance and the other descends. Both branches give off numer-
ous collaterals, which penetrate the gray matter, ending in teleneu-
rites associated with the teledendrites of the cells in hoth the ante-
rior and the posterior horns, and the column of Clarke. The main
branches of the sensory neurite also enter the gray matter, after

Fia. 223. Fia., 224,
| i

I
inr";ﬂ |

| 1 W

Fig. 228 —Diagram of the senso-motory reflex collaterals in the eord. (R, y Cajnl.) a, gan-
glion-cell of the pesterior nerve-toot ; &, division of its neurite into ascending and de-
geemding branches; ¢, collaterals to anterior horn ; o, terminal telencurites in the pos.
terior horn ; &, motor cell of the anterior horn, with its processes,

Fig. 24 —Longitndinal gection of a part of the spinal cord, including a posterior nerve-root.
Semidiagrammatic. (K. ¥ Cajal.) A, posterior nerve-root; S, white substance of the
copd ; O, gray matter; B, collateral teleneurites in the gray matter; ¢ eell with a single
ascending neuarite : I, eell with bifurcating neurite, terminating at Fand I'; E, cell with
a gingle descending neurite; F, @, terminal telencarites; o', collateral from a branch
of the posterior root-neurite ; ¥, eollateral from the main neurite before its bifurcation.

following the posterior column for a short distance, and end in tele-

neurites among the cells of the posterior horn and the substance of

Rolando. The eollaterals which pass to the anterior horns (Fig.

222, H, and Fig. 223, ¢) have to do with the origin of reflex cen-
16
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dendrites of the cells in the anterior horn, especially those which
give off neurites to the anterior roots of the spinal nerves (Iig.
221, 4).

The foregoing details may be summarized by means of the accom-
panying diagram (Fig. 225), in which the course of a nervous stim-
ulus is traced from the organ of sense in, e. g., the skin, to the
cortex of the cerebrum, where it is translated into a nervous im-
pulse, the eonrse of which is traced to the motor plates of the vol-
untary museles. The reflex mechanism which might at the same time
be set into operation is not represented in the diagram, but will be
sufficiently obvious from an inspection of Fig. 223. It will be
noticed in Fig. 225 that both the sensory stimulus and the motor
impulse are obliged to pass through at least two neurons hefore they
reach the ends of their journeys. But the nervous currents are by
no means entirely confined to the course marked by the arrows,
Impulses may be transmitted in an incaleulable number of delicate
tracts throngh the collaterals given off’ from the neurites within the
central nervous system, some of which are indicated in the diagram,
and all of which end in teleneurites associated with the teledendrites
of, perhaps, several neurons. One of these collateral tracts has
already been considered, namely the senso-motory reflexes illus-
trated in Fig. 223.

II. THE CEREBELLUM.

The cerebellum is subdivided into a number of lamine by deep
primary and shallow secondary fissures. The gray matter of the
organ occupies the surfaces of these laminge, while their central por-
tions are composed of white matter. The gray matter may be
divided into two layers: an external or superficial “molecular
laver” and an inner “granular layer” (Figs. 226 and 227).

The molecular layer contains two forms of nerve-cells: first, the
large cells of Purkinje ; second, small stellate cells.

The cells of Purkinje have large, oval, or pear-shaped bodies lying
at the deep margin of the molecular layer. Their dendrites form
an intricate arborescent system of branches extending peripherally
to the surface of the gray matter, and give off’ innumerable small
teledendrites throughout their course.  All these branches lie in one
place, perpendicular to the long axis of the lamina in which they
are situated, and the teledendrites come into relations with certain
longitudinal neurites springing from the cells of the granular layer,
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sess neurites, which lie in the same plane with the arborescent
dendrites of the eells of Purkinje, and send collaterals to end in a
basket-work of teleneurites applied to the bodies of the ecells of
Purkinje. The terminal teleneurites of these stellate cells also end
in the same situation. Other smaller collaterals extend toward the
surface of the cerebellar lamina.

The granular layer of the gray matter also contains two varieties
of nerve-cells: the “small stellate cells,” which are most numerous,
and the *“ large stellate cells.”

Fie. 227.
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Section of a cerchellar Inmina parailel to its axiz. (K. ¥ Cajal.) A, molecular layer of the
gray matter; B, granular laver; , white substance; a, small stellate cell of the granular
layer, from which a nenrite enters the molecular layer, where it bifurcates, sending
branches throughout the length of the lamina; b, biforeation of one of these nenrites ;
€, slightly bulbous termination of one of the nearitic branches; o, body of a eell of Por-
kinje seen in profile ; f, neurite of a eell of Purkinge.

The small stellate cells (Fig. 226, g, and Fig, 227, a) are scat-
tered throughout the granular layer, and it is owing to the abun-
dance of their nuclei that this layer has received that name. Their
dendrites are few in number and short, but their neurites ave very
long. They extend perpendicularly into the molecular layer, where
they bifurcate, the branches lying parallel with the axis of the

J ) Ying. |
cerebellar lamina and its surface. These fibres appear to run the
whole length of the lamina, and to come in contact with the tele-
dendrites of the cells of Purkinje, to the planes of which they run
perpendicularly. They are thought to cobrdinate the action of a

long series of the cells of Purkinje.
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lying layers, which form arborescent expansions in the molecular
layer, similar to those of the eells of Purkinje in the cerebellum,
extending to the surface of the gray matter,

The large stellate cells of the molecular layer (Fig. 229, D) send
their dendrites in various directions into
the molecular layer and the layer of
small pyramidal cells lying beneath it.
The neurite is distributed in the molec-
ular and upper portions of the under-
lying layers, but is never extended into
the white matter. The dendrites of these
cells come into relations with the neurites
of the other cells of this layer and with
those that proceed upward from some of
the cells in the deeper lavers,

The small spindle- and stellate cells
(4, B, C, Fig. 229) are considered to be
the autochthonous cells of the cerebral
cortex—i. e., the cells of the brain in
which the highest order of nervous im-
pulses find their origin. The small
spindle-shaped cells, with their peculiar
neurites, are extremely abundant and
fill the molecular layer with a mass
of interwoven filaments,

The second and third layers of the "'f:f':”‘b’;“l*‘:‘1';1'::“ift;"';“;’:’:"“:l:“';
cerebral gray matter are characterized  cajal) 1, molecular layer; £,
by the presence of pyramidal nerve- :\i‘i;: f';“:t‘f[;T:::';H::‘_r::;”r’[:ﬁl
cells of various sizes, the smaller being  idal cells; 4, layer of polymor.

- . phie cells; §, white matter.

relatively more abundant in the second

layer and the larger in the third layer. From the apex of the pyram-
idal cell a stout,  primordial ” dendrite passes vertically into the
molecular layer, where, as well as during its conrse to the molecular
layer, it gives off numerous branches, and finally ends in a brush of
teledendrites extending to the surface of the gray matter (Fig. 230,
A, B). Other and shorter dendrites are given off from the body of the
cell, which ramify and end in the second, third, or fourth layer of the
gray matter. The neurites from the bases of the pyramidal cells pass
vertically downward into the white substance, where they may
bifurcate, giving axis-cylinders to two nerve-fibres. While within

Fra. 228,
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the gray matter, and after their entrance into the white matter,
these neurites give off collaterals, which branch and end in terminal
bulbous expansions without breaking up into a =et of teleneunrites,

The irregular cells of the fourth layer (Fig. 230, €, D) do not
send their dendrites into the molecular layer, but distribute them
within the deeper layers of the gray matter. Their neurities, like
those of the pyramidal cells, enter the white matter, where they
may or may not bifureate.

Besides the cells in the deeper layers of the gray matter hitherto
deseribed, those layers contain cells with short neurites, which are
divisible into two classes: first, spindle-shaped or stellate cells,
sending their nenrites into the molecular layer (Fig. 231, ¢) or into
the second layer of the gray matter (Fig. 231, b); second, poly-
morphic eells with radiating dendrites and copiously branching
nenrites, both of which are distributed within a short distance of the
eell. These cells are believed to distribute nervous impulses to the
neurons in their vicinity.

The gray matter of the cortex also receives centripetal neurites
from the white matter, which give off numerous collaterals and ter-
minate in the molecular layer,

The white matter of the cerebrum contains fibres that may be
divided into four groups : first, centrifugal or “ projection  fibres ;
second, “ commissure-fibres,” which bring the two sides of the brain
into coibrdination (these lie in the corpus callosum and in the ante-
rior commissure) ; third, “association-fibres,” which coiérdinate the
different regions of the cerebral cortex on the same side; fourth,
centripetal fibres, reaching the cortex from the peripheral nervous
system or cord,

The centrifugal or projection-fibres arise from all parts of the
eortex, springing from the pyramidal and, perhaps, also from the
irregular cells. Many of these fibres give off a collateral, which
passes into the corpus callosum, to be distributed in the cortex of
the opposite side, commissural collaterals, and then pass on to the
eorpus striatum, to the gray matter of which further collaterals
may be given off, after which the main neurite probably passes into
the pyramidal tracts of the cord through the cerebral erus (Fig.
232, a).

The eommissure-fibres (Fig. 232, b, ¢) also arise from the pyram-
idal cells of the cortex, mostly from the smaller variety, and pass
into the corpus callosum or the anterior commissure, to be dis-
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form the great bulk of the white substance, where they are inex-
tricably interwoven with the other fibres there present,

Besides the centripetal neurites of the association and commissural
neurons, their collaterals and those of the projection-fibres, the gray
matter of the cortex receives terminal neurites from larger fibres
that are probably derived from the cerebellum and cord (Fig. 230,
E). These give off numerous collaterals and teleneurites, which are
distributed to the small pyramidal cells of the second layer, and
probably also penetrate into the molecular layer, where they end in
numerous teleneurites among the cells of that layer.

In the diagrammatic figure 230 the probable course of nervous
stimuli to and from the cerebral cortex is indicated. The possi-
bilities of transmission within a structure of such marvellous com-
plexity are inealeulable.

The above structural details of the central nervons system are
chiefly taken from the publications of Ramon y Cajal. They are
the result of researches carried on by the application of the methods
devised by Golgi to the nervous structures of the lower vertebrates
and embryos. Such details cannot be observed when specimens
have been hardened and stained by methods used for the study of
other struetures.  In such specimens the nuclei of the nerve-cells
and those of the neuroglia are stained and become prominent. But
the multitude of nervous filaments lying between the cells and the
processes of the neuroglia-cells are not differentiated, but appear
as an indefinite, finely granular material, in which the cell-bodies
apparently lie. Where the cells are sparse or small, as in the first
layer of the cerebral gray matter, the tissue appears finely molecu-
lar. Where the eells are numerous but small, their stained nuelei
give the tissue a granular appearance, as, for example, in the second
layer of the cerebellar cortex.

The brain and spinal cord are invested by a membrane of areolar
tissue, called the “pia mater.” Extensions of this areolar tissue
penetrate the substance of the cord and brain, giving support to
bloodvessels and their accompanying lymphatics, This areolar
tissue also extends into the ventricles of the brain, where it receives
an external covering of epithelium continuous with that lining the
ventricles, which is ciliated. Externally, the areolar tissue is con-
densed to form a thin superficial layer.
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These are situated in the corium, the former lying in some of the
papille projecting into the rete mucosum,

The tactile corpuscles are of two forms, differing slightly from
each other in structure : first, those of Meissner, and, second, those
of Krause.

The tactile corpuscles of Meissner (Fig. 234) consist of a group
of epithelial cells closely associated with the teledendrites of a
nerve-fibre. The cells are closely compacted together to form an
ellipsoid body. The nervous dendrite, with its medullary sheath,
enters this body at one of its ends, and, after making one or two
spiral turns around the mass of epithelial cells, loses its medullary
gheath and breaks up into a number of teledendrons, which are dis-
tributed among the epithelial cells. The neurilemma and the
endoneurium of the fibre are continued over the corpusele, consti-
tuting a species of capsule.

The tactile corpuscles of Krause (Fig. 235) possess a capsule
composed of delicate fibrous tissue, covered and lined with endo-
thelial cells. The dendrite of the nerve-fibre loses its medullary
sheath upon penetrating this capsule, and then breaks up into tele-
dendrites, that form a complex tangle within the eavity of the cor-
puscle. There appear to be no cells among the teledendrites, the
interstices being occupied by lymph. These corpuscles are espe-
cially abundant in the conjunctivee and the edges of the eyelids,
but occur also in the lip, large intestine, posterior surface of the
epiglottis, and the glans penis and clitoris. They may receive
dendrites from more than one nerve. Those of Meissner are found
throughout the skin, being most abundant where the tactile sense is
most acute.

The Pacinian corpuscles (Fig. 236) are large oval bodies, com-
posed of a number of concentrie cellular lamelle, surrounding a
central, almost cylindrical cavity, and covered externally with a
layer of endothelioid cells, which appear to be continuous with the
delicate endoneurium of the fibre. The latter enters the corpuscle
at one of its ends, soon loses its medullary sheath, and is finally
subdivided into a number of teledendrites within the central cavity.

‘The “genital corpuseles” which are found in the glans of the
penis and that of the clitoris are similar in structure to the Pacinian
corpuscles, but the lamellar envelope of the latter is here reduced to
one or two ill-developed lamellz,

The nervous impulses inaugurated in the tactile and Pacinian
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with the teledendrites of nerve-fibres supplied to the taste-bud
(Fig. 237). The stratified epithelium surrounding the taste-buds,
as elsewhere, contains teledendrites from sensory nerves,

3. Bmell.—The olfactory organ occupies a small area at the top
of the nasal vault, and extends for a short distance upon the sep-
tum and external wall. Its exposed surface is about equal to that

Fia. 237,

Diagram of a taste-bud and its nervous supply. (Dogiel.) o, radicle of the gustatory nerve;
tr, radiele of a sensory nerve: ¢, epithelial cell; o, nerve-cell. The shaded part of the
figure represents the stratified epithelivm lining the suleus of the clreamyvallate papilla,
Only one of the epithelinl or supporting eells of the upper bad i3 represented in the
figure ; the others are omitted. The structure of the lower bud is not shown.

of a five-cent piece. It iz a modified portion of the mucous mem-
brane of the nose, which may be divided into this, the olfactory
portion, and the general or respiratory portion.

The respiratory portion of the nasal mucous membrane is covered
with a stratified, columnar, ciliated epithelinm, with occasional
mucigenons goblet-cells, resting upon a basement-membrane.  Be-
neath this is the membrana propria, resembling that of the small
intestine in being rich in lymphadenoid tissue, which may, here and
there, be condensed into solitary follicles. Beneath the membrana
propria is a richly vascularized submucous areolar tissue, containing
compound tubular glands, the glands of Bowman, which open upon
the surface of the mucous membrane. These glands secrete both
mucus and a serous fluid,

In the olfactory region the columnar epithelial cells are devoid of
eilia, but possess a thin ecuticle, and the epithelinm rests directly
upon the lymphadenoid tissue, without the intermediation of a base-
ment-membrane (Fig. 238).  Between these epithelial cells are the
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mitral cells and their processes, by which they are conveyed to the
cerebral cortex. In its passage through this tract numerous collat-

Fra., 241

Diagram of the nervous mechanism of the olfactory apparatus. (R. ¥ Cajal.) o, olfactory
portion of the nazal mucous membrane ; &, second or glomerular layer of the olfactory
bull §, at the right edge of the moleenlar layer, which is dotted. The cells of this layer
are omitted. o, fourth layer of the bulb, the layer of the mitral cellz, two of which are
represented ; ¢, m, cells of the fifth or granular layer; o, olfactory tract ; g, cerebral eor-
tex: B, neoarite from a mitral eell, giving off a collateral to the dendrites of a pyramidal
cell in the gray matter of the brain; £, pyramidal eells of the olfactory tract; j, collateral
from a mitral neurite pazsing, reeurrently, into the molecular laver; !, centrifugal neurite
froom the eerebrom.

eral and association-tracts may be influenced in a manner too com-
plicated to be readily followed.

Fia. 242,

Dingram of the distribution of the auditory nerve within the mueons membrane of the erista
acustiea. (Niemack.) The bodies of the hairecells are dotted. Between them are the
eells of Defters, the nueled of which are shown below the hair-cells, The nervous fila-
ments are distribated between these cells,

4. Hearing.—The acoustic nervous apparatus resembles somewhat
that which subserves the sense of touch. The receptive portion consists
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varies with the funetional activities of the organ.  When the eye
has been exposed to light the pigment is found lying deeply between
the rods.  When the eye has been at rest for some time the pigment
is retracted in greater or less degree within the body of the cell,

2. The rods and cones are the terminal structures of cells which
extend from the fifth layer to the first. The nuclei of these cells

Fia., 243.

Diagram of the retina. (Kallius.) L., pigmented epithelial laver; I1, laver of the rods and
econes; 111, external limiting membrane ; IV, outer granular laver: V., outer molecular
layer: VI, inner granular layer; VIL, inner molecular layer: VIIL, ganglionic layer;
IX., layer of nerve-fibres, =, pigmented epithelial cells; e, at the bottom of the external
lHmiting membrane, rods ; &, cone ¢ells; e-b, sanglion-cells of the sixth layer connecting
the fourth layer with the eighth; {, horizontal eoll sending o process into the seventh
layer; &-g, “spongioblasis,” or neurons of the thivd type (Fig. 217); rew, ganglion-cells
of the cighth layer; z, sustentacular cell of Mialler, with striated upper ond forming
a part of the external Hmiting membrane ; ¥, v, neuroglig-eells, It should be borne in
mind that in sections of the reting numerous clements of the various sorts here rep-
resented are erowded together to form o compact tissne. The centrifogal fibres which
reach the retina from the ecrebrom are omitted from this dingram.  They are disteibuted
in the inner granular or sixth layer. The light entering the eye pagses through the layers
represented in the lower part of this fignre before it ean affeet the rods and cones.

lie within the fourth layer, to which they give a granular appear-
ance (Fig, 243),

3. The external limiting membrane is formed by the euticularized
outer ends of certain sustentacular epithelial cells, the “cells of
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processes into the fifth layer; and, second, those which send their
processes into the seventh layer; but, aside from the neurons in-
cluded in these two groups, there arve certain cells (Fig., 243, i)
which send processes into both the fifth and the seventh layers,

7. The seventh, inner molecular or *“ inner plexiform ” layver owes
its delicate structure to the fact that it is here that the teleneurites of
the cells in the sixth layer come into relations with the teledendrites
of the ganglion-cells of’ the eighth layer.

8. The eighth layer contains those ganglion-cells whose teleden-
drites receive impressions from the teleneurites derived from the
sixth layer, and send their neurites into the optic nerve. These
neurites form the chief’ eonstituent of the ninth layer of the retina.

It will be observed in Fig. 243 that the basal expansions of the
cells bearing the cones are mostly in relation with the teledendrites
of a single neuron of the sixth layer, and that this neuron is, again,
in close relations with the teledendrites of but one ganglion-cell of
the eighth layer. This arrangement would not favor a diffusion of

Fic. 244.
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Diagram of the nervous mechanism of vision. (K. ¥ Cajal.) 4, retina; B, optic nerve; G
corpuz genlenlatnm. @, eone: b, rod: o.d, bipolar nerve-cells of t he outer granulae tn:.'ey:
e, ganglion-cell: f, coentrifugal telenenrites | . “ gnongioblast " ; &, teleneurites from optie
nerve: §, nenron receiving and further transmitting the nervous i“"l‘l'"]*"-‘i r, cell trans-
mitting the centrifugal impression. The courses of nervous impressions are indicated
by the arrows.

the impressions inangurated in the cones. The arrangement is quite
different in the ease of the cells bearing the rods.

The probable course of nervous impressions to and from the
retinal elements is represented in Fig, 244,
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HISTOLOGICAL TECHNIQUE.

CHAFPTER XXVI.

PRACTICAL SUGGESTIONS FOR THE CARE AND USE OF
THE MICROSCOPE.—MICROSCOPICAL TECHNIQUE.

IN selecting a microscope the following considerations are of
importance :

The stand ghould be supported on three points and rest firmly on
the table; have a rack-and-pinion coarse adjustment, and a fine
adjustment free from all logs of motion. It iz rarely used in an
inelined position, and a jointed stand is nnnecessary. A triple
nose-piece, or revolver, is a great convenience, and an Abbe con-
densger with iris-diaphragm is almost indispensable.

Three objectives are needed : a Leitz No. 3 or No. 4, No. 7, and
{gth or f5th oil immersion, or their equivalents of other manu-
facture, are suitable powers for general use. Two oculars, No. 2
and No. 4, will answer.

The microscope should be protected from direet sunlight and acid
fumes, and be kept in a dry, moderately cool place.  When not in
use it should be covered or placed in its ease, to protect it from
dust. If the lenses become dirty, they may be wiped with a soft,
clean eloth or Japanese paper, either dry or moistened with water,
and followed by a dry cloth or paper. Balsam or eedar oil may be
removed with a eloth or soft paper moistened with xylol, after which
the parts should be earefully wiped dry.

In making microchemical tests special care should be taken not
to let the reagents come in contact with the objectives,

Objects should always be examined in a liquid, unless there is
some =pecial reason for examining them in a dry state ; and =hould
be covered with a cover-glass, unless a cursory inspection with a
very low power is all that is required.

265






MICROSCOPICAL TECHNIQUE. 267

ferent wvalues for each combination of lenses used and for every
variation in the length of the microscope-tube. The unit for micro-
geopical measurements iz one-thousandth of a millimeter, or one-
millionth of a meter; it is called a * micrometer,” and is desig-
nated by the Greek letter g One division of the micrometer-slide
mentioned above would, therefore, equal 10 . From these data it
is possible to ealeulate the value of each division of the eve-piece
micrometer-seale in terms of g for each combination of lenses, the
length of the microscope-tube being fixed. (Most Continental
stands and many American stands have graduoated tubes, and the
objeetives are constructed for a standard tube-length of 160 milli-
meters.)

It is well for the student to get into the habit of estimating the
sizes of the objects he examines. A good standard for mental com-
parison is the diameter of the unaltered red blood-corpuscle, which
is about 7.5 .

MICROSCOPICAL TECHNIQUE.

Useful preparations for study under the microscope may be pre-
pared from tizssues in one of three ways: 1, simple serapings of the
tissues may be mounted on a slide in the fluids derived from the
tissues themselves, or in a neutral solution—e. ., 0.75 per cent. salt
solution ; 2, the tissue-elements, cells, and intercellular fibres, ete.,
may be separated from each other by treatment with =ome macerat-
ing-fluid—e. g., very weak chromic aecid (1:10,000), 36 per cent.
caustic potash, 1 alcohol ; 3,,sections of the tissue may be prepared
either while they are fresh, with a razor or a freezing-microtome, or
after hardening,

The first method has a limited application. It is servieeable
only when the tissue-elements are so loosely held together that they
readily separate from each other and can be examined in an isolated
condition. This is the case with a considerable number of tumors,
the superficial tissues of mucons membranes, the spleen, ete. If
the inside of the cheek be seraped with the finger-nail, and the
material thus removed be diluted with =aliva, placed upon a slide,
and covered with a cover-glass, the squamous epithelial eells lining
the cavity of the mouth will be readily seen in an iselated state.
An appropriate dye may now be introduced under the cover, and by
its means the nuoelei of the cellz stained, thus bringing them into
elearer view.
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permanently, since it is usually easily recognized in the specimen
and does not interfere with its study under the microscope,

The study of tissues by means of sections has the disadvantage
that the elements of the tissues are eut, and the sections contain the
resulting portions as well as complete elements.  The incomplete
portions lie near and at the surfaces of the sections, where they are
in clearest view, while the unent elements are sitnated in the body
of the section, more or less obscured by the overiying portions that
have been cut by the knife. Moreover, the tissue-clements may lie
obliquely to the plane of the section, so that only a portion of them
can be seen at a time, the rest being brought into elear view only
when the focal plane is raised or lowered. These cirenmstances and
the fact that the tissne-elements are frequently eclosely crowded
together make the interpretation of sections a matter of some dif-
ficulty in many cases. These difficulties are in a measure overcome
by examining sections of different thicknesses, but a more =atis-
factory way of studying the structure of a tissue is to examine por-
tions after maceration as well as in section.

The processes of coagulation and dehydration, which have already
been mentioned as usual preliminaries to the cutting of =ections,
deserve a few words in explanation of their purpozes,

The coagulation of the albuminons substances in the tissues has
for its chief aim the preservation of the minnte strueture of the
tissue-elements, so that a lapse of time or the subsequent manipula-
tions of the tissues shall not cause an alteration in the details which
it is desired to study. If this precantion be omitted, the tissues
undergo post-mortem changes which seriously alter the appear-
ance of the elements of which they are composed. Coagulation
brought about for this purpose is called * fixation ™ of the tizsues.
It may be induced in a variety of ways: the tissues may be sub-
jeeted to heat for a few moments, thus rendering the albumins they
contain both solid and insoluble ; but the more usnal procedure is
to immerse the tissnes in a solution of some substance that causes
rapid death with coagulation. These =olutionz are ealled fixing-
solutions, and not infrequently the substances they contain not only
cause death and ecoagulation, but also form a union with some of
the structural materials of the tissues which may facilitate their
subsequent recognition,

The number of formule that have been devised for the prepara-
tion of fixing-solutions is very great, and some of the solutions are
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hue or an entirely different color. The eoloring-matters, when =o
employed, not only bring out the structure of the tissue by creating
a color-picture, but they also serve as valuable reagents in revealing
the nature of the substances to which they impart a color,  Again,
it is often necessary that a certain method of fixation or other pre-
liminary treatment should be used before the particular dye selected
can display its greatest selective power for a particular substance.
These facts explain the great number of formule for stains and the
preparation of specimens that are found in the technical text-books
and journals. The subject has become =0 expanded within recent
years that it has almost ereated a distinet branch of learning ; but
it will only be necessary for the student of medicine to acquire a
knowledge of a few methods that will serve to reveal the general
structure of cells and the characters of the intercellular substances.
The general outline of the procedures in common use for this pur-
pose are as follows: 1, fixation; 2, hardening; 3, impregnation ;
4, embedding ; 5, eatting ; 6, staining ; 7, dehydration ; 8, elearing ;
9, mounting.

Some methods of preparation combine one or more of these steps
in a single manipulation, thus considerably reducing the time requi-
site for the completion of the process. Other methods necessitate
the intercalation of still other manipulations, or the subdivision
of those already enumerated.

Methods of Fixation.

1. Miiller's Fluid.—Thiz classie fixing- and hardening-zolution con-
sists of potassinm bichromate, 2.5 per cent., and sodium sulphate,
1 per cent., dissolved in water (preferably distilled water). It is
glow in action, requiring from six to eigcht weeks for the preservation
of an average specimen, but with proper care can be made to yield
excellent results when the finer details of strocture are not to be
studied. Tt is important to use large quantities of the fuid, at
least ten times the volume of the tissues immersed in it, and to
renew the fluid so frequently that its strength shall be constantly
maintained. When fresh tissues are placed in Miiller’s fluid they
speedily render it eloudy. This is a sign that the fluid should be
renewed, even if only an hour has elapsed sinece the fissues were
placed in it. When cloudiness no longer appears the fluid should
be renewed once a day for the first two weeks : after that, two or
three times a week till the process is completed.
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maldehyde (40 per cent.) is to be added to every 100 ec. of the
Miiller’s fluid.

Orth’s fluid fixes in three or four days. The pieces of tissue
should not be more than 1 em. thick. The time for fixation can
be shortened if smaller pieces are used and the process is carried
on at a slightly elevated temperature ; e. g., in an incubator kept at
37° C. (98.6° I.). After fixation the specimens should be washed
in running water, as in the previons methods.

4. Mercuric Chloride Solution.—A saturated solution of corrosive
sublimate in 0.5 per cent. salt solution is prepared by heating an
excess of sublimate ervstals in the =alt solution and allowing the
mixture to cool. The clear fluid is decanted from the erystals when
desired for use. The penetration and action of the solition are
favored by the addition of 5 per cent. of glacial acetic acid at the
time of using. The thickness of the pieces of tissue should not
exceed 5 mm., and much thinner pieces are better,  Fixation takes
place within six hours, after which the tissnes may be washed in
running water, or placed at once in 70 per cent, alcohol, It acetic
acid has been used, it is best to wash in water before immersing in
alechol.  Tineture of iodine should be added to the aleohol for the
reasons given in the deseription of Zenker's fluid.

5. Formaldehyde.—This gas is capable of being absorbed by
water to form a 40 per cent. solution, but its volatility renders such
a solution liable to deterioration. The strength emploved for fixa-
tion is usually 4 per cent.,, and may be prepared by adding 10 ce.
of 40 per cent. formaldehyde to 90 ce. of distilled water. A 0.75
per eent. solution of common salt may be substituted for the distilled
water with possible advantage,

Formaldehyde penetrates deeply and quickly into the tissues,
which may be 1 em. in thickness, and accomplishes fixation within
twenty-four hours, but the preservation of structural detail iz not
very perfect. The solution is useful where the general characters
of the tissues are to be determined and the details of the eelis are
of comparatively little consequence.  After fixation the tissues may
be washed in water, or placed directly in 70 per cent. aleohol 5 or
frozen sections may be at once prepared.  Satisfactory sections may
be obtained from small pieces of tissue if they are put in the for-
maldehyde solution for an hour or two and then eut with the
{reezing-microtome.  After they have been washed for a short time

in water they may be stained by any of the more nsual methods,
15
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would like to obtain speedy results from a microscopical examina-
tion without running the risk of loss of’ material or of poor results,
When this is the case he may use absolute aleohol as a fixing-agent,
thus taking advantage also of its ability to harden tissues and fit
them for rapid embedding in collodion.

7. Absolute Alcohol.—If fresh tissues are placed in strong aleohol,
say 95 per cent., they are hardened; but during the process there
is an opportunity for the albuminous fluids in the tissues to escape
to a certain extent, and for shrinkage to take place in consequence,
If absolute aleohol be employed, it canses such rapid coagulation
that this leaching of the tissues does not take place. It is neces-
sary, however, that the aleohol should remain of nearly its original
strength, otherwise the water in the tissues will dilute it sufficiently
to destroy this coagulating action.

An excellent means for maintaining the strength of the aleohol
is to immerse in it a few lomps of quick-lime. Take a small
jar that ean be hermetically closed by a tightly fitting cover
(a museum jar, holding six or eight ounces, will answer). Place
the lime in the bottom and then nearly fill with absolute aleohol.
A few pieces of erumpled filter-paper are placed upon the lime and
covered with a smooth piece placed =o as to slant a little. The
latter should lie near the surface of the aleohol, but be entirely sub-
merged.  Small pieces of the tissue to be fixed are placed upon the
filter-paper where they will be covered by the aleohol. The aleo-
hol immediately coagulates the albuminous substances on the sur-
face of the pieces and then gradually replaces the water in the
gpecimen, coagulating the deeper-seated albuming as it penetrates
the mass. The expelled water sinks to the bottom of the jar, owing
to its greater specific gravity, and is at once taken up by the lime.
It is essential for the success of this method that the lime should
be exceedingly quick. It must show immediate signs of slaking
if even a drop of water be placed upon it.!

It will be seen that this method not only fixes the tizsues, but
quickly dehydrates them. The real dehydrating-agent is, however,
the lime, the aleohol serving merely as a vehicle for conveying the
water from the specimen to the lime. If the picces of tissue are

! A jar of absolute aleohol, prepared as above, may be used for purposes of fix-
ing or hardening until the lime has become slaked or the aleohol so impregnated
with dissolved fat that the latter interferes with embedding in collodion. When the
Iatter 18 the case the hardened eollodion is opague or opalescent.
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tact with quick-lime (see directions for fixing tissues in absolute

aleohol).
Methods of Impregnation.

When tissues are so porous or friable that sections are likely to
tear or disintegrate it is desirable to impregnate them with some
embedding-material.  The most useful substanees for this purpose
are collodion, or celloidin, and paraffin.  Whichever of these is
used, it is necessary to remove the water from the specimen before
the impregnation can be accomplished, for both collodion and
paraffin are insoluble in water. Tissues that have been hardened
in aleohol are to a certain extent already dehydrated. The residual
water may be removed or reduced to a trace by treatment with
absolute aleohol, in which collodion is soluble.

The “celloidin” manufactured by Schering is an excellent prep-
aration of gun-cotton, but almost equally good results may be
obtained by using the more economical soluble eottons employed by
photographers. Two solutions in a mixture of equal volumes of
ether and absolute aleohol (both, if possible, of Squibl’s prepara-
tion) should be kept in stock : one, a weaker solution, having about
the consistency of thin mucilage; the other, a stronger solution,
resembling a syrup.

Collodion is soluble in absolute alcohol, so that tissues containing
only that fluid ave ready for impregnation without further prelim-
inary treatment. When thorough impregnation is desired the tissues
should be immersed in equal parts of ether and absolute aleohol for
a few days, and then in the weaker =olution of celloidin or collodion
for a number of davs or weeks—the longer the better;' hut =uch
complete impregnation is often unnecessary, and soaking for a day
or two will often suffice if' the sections to be made need not be very
thin. It is not possible, in any event, to make very thin sections
from tissues embedded in collodion ; but sections of large area may
be obtained, which is often of greater importance. For very thin
sections it is better to use paraffin for the embedding-material,
although the resulting sections will have to be smaller.

Paraffin is insoluble in alecohol of all strengths, It is thervefore
necessary to remove the absolute aleohol from the tissues before
they can be impregnated with paraffin,  This may be done by
immersing the tissues in some liquid that is a solvent for paraffin

! Impregnation may he greatly hastened if done at the body-temperature in a
hermetically closed vessel.
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brass or copper, resting on a tripod and heated at one end by a
burner. When the latter method is employed the paraflin is melted
in a little glass dish, which is moved along the plate until a point
is found at which the paraffin remains melted at the bottom, but is
covered at the edges of the surface with a thin layer of congealed
paraftin,

The length of time that the specimens should remain in the
melted paraffin will vary with the character of the tissues and the
method of getting rid of the aleohol which has been employed. It
should not be protracted longer than necessary for complete impreg-
nation, as heat is injurions to the tissues. When xylol has been
used two hours will usually suffice if the pieces of tissue are small,
and especially if they are transferred to a fresh paraflin-bath after
about an hour. This renewal of the paraffin is still more important
if oil of cedar-wood has been used. Chloroform requires a little
more time than xylol, and should be transferred to fresh paraffin
once or twice.

When impregnation has taken place and the final bath of paraffin
no longer has the slightest odor of the clearing-agent the pieces of
tissue are removed from the bath with warmed forceps and placed
on bits of writing-paper, to which they adhere. A designation
of the specimen may be written on these papers, and the tissues
kept in this eondition until required for cutting. They must then
be embedded.

Methods of Embedding.

The ohjeet of embedding is to surround the piece of tissue from
which sections are to be cut with a mass of the embedding-sub-
stance, which then not only supports the tissue when it comes in
contact with the knife, but also affixes it to a block or other support
which ean be fitted into the clamp of the microtome.

Microtomes designed for cutting paraffin usually have special
supports for the embedded specimen, but blocks of hard wood may
he used in their place.

For the support of tissues embedded in collodion blocks of plate-
glass are probably both better and cheaper than those made of other
materials. They may be easily prepared from waste pieces of plate-
glass, about a quarter of an inch thiek, and * obseured ” or ground on
one surface. The glass may be eut into blocks of any desired size by
scoring the smooth side with a diamond and then splitting the pieces
apart with a sharp blow from a wedge-shaped hammer. The em-
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evaporation and also favor the formation of bubbles in the eollo-
dion. After an interval of one or more days the collodion will have
a gelatinous consisteney. It should be allowed to become so hard
that it has considerable firmness, but is still soft enongh to receive
an impression of the ridges in the skin when pressed with the
finger. The outer vessel is then partly filled with 80 per cent.
alecohol so that the whole of the inner dish is submerged.

By the next day the collodion will be hard enough for removal
from the dish. With a small sealpel, held vertically, divide the
hardened mass of collodion into portions, each of which contains
one of the pieces of tissue (for several pieces may be embedded in
the same dish, provided care be taken to preserve their identity).
Remove the piecez and trim down the collodion around the speci-
mens, leaving a margin of about an eighth of an inch. Trim the
top surfaces of the collodion parallel with the bottom surfaces, then
dip the trimmed surface into a little absolute aleohol contained in
a watch-glass, in order to dehydrate it.  This will take abont two
minutes.  Label glass blocks with lead-pencil, place a drop of
thick collodion on the writing, and transfer the embedded specimens
immediately from the absolute aleohol to the drop of eollodion,
pressing it into contact with the glass.  When a good pelliele has
formed on the collodion drop the whole block into 80 per cent.
aleohol. If the block of hardened collodion containing the speci-
men be sufficiently dehydrated on the surfaces coming in contaet
with the drop of collodion, and the latter have not time for the
formation of a pellicle before it receives the block, there will be no
difficulty in cementing the embedded specimen to the roughened
surface of the glass. It is best not to cut sections until the day
after the specimen has been affixed to the glass block. These
blocks, with attached specimens, may be preserved indefinitely in
80 per cent. aleohol.

The thin coating of glveerin on the inside of the embedding-dish
serves the purpose of preventing the collodion from sticking to the
alass,

2. Embedding in Paraffin.—The specimen should first be trimmed
g0 as to have one surface parallel to the plane of the futnre sections,
If it is surrounded by too much paraffin to permit of ready inspee-
tion, it may be placed on a piece of filter-paper and warmed until
the superfluons paraffin is abzorbed by the paper. The trimmed
surface is then laid upon a small glass plate that has been smeared






METHODS OF CUTTING, 283

Methods of Cutting.

It is possible to obtain useful sections from fresh or hardened
tissues by free-hand cutting with a sharp razor ; for this purpose the
razor should either be very hollow ground, so as to have a thin
blade, or the lower surface should be ground flat. In stropping
the razor, or microtome-knife, the stroke shounld be from point to
heel during both the forward and return motions. In entting,
the edge should be used from heel to point, and this same motion
should be used in honing. A wire arrangement is nsually furnished
with microtome-knives, which is intended for use while honing or
stropping. It serves to raise the back of the knife when the flat
side iz sharpened, and should always be employed. Care must be
taken not to press the knife against the strop, as this is liable to
turn or blunt the edge. A few light strokes on the strop immedi-
ately after each day’s use will keep the knife sharp and coat it with
a little grease, protecting it from rust. A microtome-knife should
never be allowed to rest with its edge on any hard surface ; the mere
weight of the knife is sufficient to spoil its edge,

In eutting free-hand sections of fresh tissues the upper surface
of the razor should be kept flooded with normal (0.75 per cent.)
salt solution, The sections float in this fluid and are kept from
tearing. Each section should be removed by a single stroke of the
razor. When hardened specimens are cut, 80 per cent. alechol
shonld be used instead of salt solution.

Free-hand sections eannot be made either so thin or uniform as
sections prepared with a microtome, and these instruments are now
so cheap that they are universally used. There are three prineipal
forms : 1, freezing-microtomes ; 2, paraflin-mierotomes; 3, miero-
tomes for cutting sections of tissues embedded in collodion.  The
last are often fitted with attachments intended for use in cutting
frozen sections, and can also be used for paraffin, But the best
results are obtained by unsing instruments especially designed for
each purpose,

1. Frozen Sections.— Freezing is usually emploved when seetions of
fresh tissues are to be made, but hardened tissues may be ent with
a freezing-microtome if the aleohol be first removed by soaking for
a considerable time in water. The tissue may be placed upon the
plate of the microtome in a little water or nentral salt solntion ; but
a better method is first to =oak the tizzue in a syrupy solution of
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paraffin being too‘hard. In that case the cutting should be done in
a warmer room. This rolling will, however, cause little trouble in
the use of the sections unless it be desired to have them adhere to
each other at the edges to form ribbons, in which the succession of
the sections is preserved.

Before paraffin-sections can be stained it is necessary to remove
the paraffin. If the tissues are sufficiently coherent, this can be
done by dropping the sections into xylol or ehloroform ; but if this
would eause a disintegration of the sections, they must be affixed to
slides or cover-glasses by means of a cement which shall hold the dif-
ferent parts of the tissues in their proper relative positions afier the
paraffin has been removed. The simplest cement for this purpose
is Mayer’s albumin mixture, prepared as follows : beat up the white
of an egg and allow the froth to liguefy. Then add an equal bulk
of glycerin and a few pieces of camphor (for the preservation of
the mixture). This cement is applied to the clean surface of a
slide, or, better, a cover-glass, in a very thin layer with the side of
a camel’s-hair brush, care being taken to leave no air-bubbles,
The paraffin-sections are removed from the knife with a fine
eamel’s-hair brush or a small, but rather stiff, feather inserted into
a handle, and placed upon the coating of cement.  They are then flat-
tened out with the brush or feather and pressed against the glass to
remove superfluous cement. If the seetions have rolled, unrolling will
be facilitated by warming the sections with the breath. The cover-
glasses are set aside to dry a little, and are then heated to render
the albumin insoluble.  This I‘I.'qlli'n".-.i SOme |mwti::rn The ju;uli!m—
lation is intended to accomplish the following results : the paraftin
melts at a lower temperature than that at which the albumin is
coagulated, and this fact is utilized to remove all excess of the
cement, which is washed away from the tissues by the flow of melted
paraffin. The residual albumin is sufficient to make the seetion
adhere to the glass when subjected to a high enough temperature to
eanse its coagulation. The albumin should be dried to a consider-
able extent before it is converted by the heat into its insoluble form,
otherwise it will coagulate in opaque masses. To bring about the
desired results the cover-glass, held in a pair of forceps, is waved
over a flame until the paraffin is =een to melt. That tempera-
ture iz maintained for a few moments, and then the cover-glass
is heated until vapors are distinetly seen to rise from its surface,
Great care must be taken not to scorch the sections. When the
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toxylin, but that devised by Bohmer will answer all purposes, and
is very simple :

1. Hematoxylin erystals, 1 gram.
Abzolute aleohol, 10 ee.

2. Alum, 20 grams.
Distilled water, 200 cc.

Cover the solutions and allow them to stand over night. The
next day mix them and allow the mixture to stand for one week
in a wide-mouthed bottle lightly plugged with cotton.  Then filter
into a bottle provided with a good cork. The solution is then
ready for nze. Nearly all solutions of alum-hematoxylin require
an interval of time for “ripening,” and their staining-powers
improve with age.

Alum-hematoxylin is intended for staining sections from tissues
that have been fixed and hardened. It is especially useful when
the fixing-solution employed contained chromates, but may be used
after almost any method of fixation, if the time of staining iz of
the right length and the sections arve previously freed from acidity
by thorough washing.

If the following directions are closely adhered to, the student
can hardly fail to obtain good results in the use of Bihmer's
heematoxylin :

Transfer the sections from the 80 per cent. alcohol in which they
have been kept to a dish of distilled water. At first they will float
on the surface of the water ; this is a favorable moment for removing
all folds and wrinkles. The sections should be manipulated with
platinum needles, prepared by fusing a bit of platinum wire into
the end of a glass rod. Such needles can be cleaned by heating
the wire red in a flame.

When the sections sink to the bottom of the dish of water, and
remain there, it may be assumed that they are free from aleohol.

Filter about 5 ce. of the hematoxylin into a watch-glass or butter-
dish and transfer the seetions from the water to the dye.

Let the sections stain for three minutes by the wateh, and then
transfer them to a dish of distilled water. At first the sections will
have a reddish tint, but as the washing proceeds the eolor will turn
to a pure blue. During the washing the water should be renewed,
until finally it acquires no color from the sections and the latter
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bottom of the dish, and the sections to be stained ave transferred
from distilled water to the dye and distributed upon the paper in
such a way that they do not lie over each other. The dye acts
very slowly, twenty-four hours being none too long for good results,
If the staining be hastened by using a stronger solution, it suffers
in sharpness. After staining, the seetions are thoroughly washed
in distilled water, and may then be subjected to a nuclear dye, such
as hematoxylin.  The proper acidulation of the diluted dye is of
importance for the suecess of this method. If the solution is not
sufficiently neutralized, the seetions will not be stained ; if it is too
acid, precipitation of the carmine will take place.
3. Alum-carmine.—

Alum, H grams,
Distilled water, 100 ce.
Carmine, *“ No. 40,” 2 grams,

The alum is dissolved in the water with the aid of heat, the
carmine then added, and the mixture kept at the boiling-point for
about half an hour. It iz then allowed to cool and filtered into the
stock-bottle. Two or three drops of deliquesced carbolie acid may
be added to prevent the development of fungi.

Sections are stained in the undiluted, but filtered, dve for at least
five minutes. There is no danger of over-staining. It is a pure
nuelear stain, coloring the chromatin red.  After staining, the see-
tions are either washed, and are then ready for dehvdration, or
they may receive a counterstain with pierie acid, coloring the tissnes
a diffuse yellow. This may be most readily accomplished by adding
a few small erystals of pierie acid to the first dish of dehydrating
aleohol (see p. 428).

4. Borax-carmine.—

Borax, 4 orams.
Distilled water, 100 ee.
Carmine, “ No, 40,” 3 orams,
Aleohol, 70 per cent., 100 ec.

The borax is diszolved in the water by warming, and the solution
allowed to cool ; the earmine is then stirred in and the aleohol added.
After standing twenty-four hours the solution is filtered into the

stock-bottle, a process that is exceedingly slow.
19
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When required for nse, this solution should be diluted with dis-
tilled water to one-tenth or one-twentieth of its strength. It gives
excellent results when used to stain paraflin sections of tissues
hardened in Zenker’s fluid, especially when preceded by cosin,
Stain half an hour in a 5 per cent. aqueous solution of ecosin
(Griibler’s blunish); wash in running water; stain in the dilute
methylene-blue until the red color is no longer visible ; wash ;
differentiate in absolute aleohol till the sections appear pink (or
violet, if there be many nuclei in the tissue); elear in xylol and
mount in damar or Canada balsam dissolved in xylol,

Upon long standing, this solution of methylene-blue undergoes
chemical changes which reduce its staining value when used as
above, but it will keep for a number of months.

7. Aqueous Methylene-blue.—This iz nsually prepared at the time
when needed by mixing one part of a saturated solution of the ani-
lin-color in 95 per cent. aleohol with nine parts of distilled water,
It is frequently employed as a general stain for bacteria.

Other anilin-colors, such as fuchsin, gentian-violet, methyl-violet,
and Bismarck-brown, may be kept in concentrated aleoholie solu-
tion, to be diluted in a similar manner just before nuse. When these
solutions are used for staining sections or cover-glass preparations
the adherent dye is washed off with water, after which the intensity
of the stain is reduced by the use of aleohol, 95 per cent. or abso-
lute, which bleaches the portions of the specimen which retain the
color with the least tenacity. If the action of the aleohol be main-
tained for too long a time, the color may be discharged from all
parts of the specimen. The method of overstaining a specimen,
and then discharging the color from those parts where it is not de-
sived, is a common one. The process of discharging the color is
called the *differentiation” of the stain, because it serves to dis-
tinguish those elements which hold the color strongly from those
which part with it easily.

8. Carbol-fuchsin.—

Saturated aleoholic solution of fuchsin, 10 ce.
Aqueous solution of carbolie acid crystals, 5 per cent., 90 ce.

This solution should always be cavefully filtered before use,
9. Anilin-gentian-violet.—A. Ehrlich’s formula :

Saturated aleoholic solution of gentian-violet,

] af l':-L':-\.-w
Freshly prepared anilin-water, 8.

e,

i) }
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teria differ greatly, and the method is commonly employed in bae-
teriological work to distinguish those species which retain the stain,
or are * positive to Gram,” from those which are decolorized or
“ negative to Gram.”

11. Van Giesson's Picric Acid and Acid Fuchsin Stain.—

Aqueous solntion of acid fuchsin, 1 per cent., H ce.
Saturated aqueons solution of picrie acid, 100

This solution serves to stain fibrous intercellular substances, It
is used in the following manner :

1. Slightly overstain with alum heematoxylin; e g., Bohmer’s
hematoxylin,

2. Wash thoroughly in distilled water.

3. Stain in Van Giesson’s dye for five minutes.

4. Wash in water.

5. Dehydrate in 95 per eent. aleohol.

6. Clear in oil of origanum.

7. Mount in xylol-balsam or xylol-dammar.

The tissues should have been fixed in a corrosive-sublimate solu-
tion or one containing chromates; e. g., Miiller’s fluid, Zenker's
fluid, or sublimate solution. The connective-tissue fibres are stained
red by the acid fuchsin. The reason for overstaining with haema-
toxylin is that subzequent treatment with pierie acid discharges
gsome of that color,

12. Benda's Iron-h@matoxylin Stain.
well adapted to the staining of paraffin-sections that have heen
affixed to cover-glasses. It stains nuclei and intercellular sub-
stances, as well as the protoplasm of cells, various shades of gray,
and the color is very permanent. The outline of the method is as
follows :

1. Mordant the sections (after affixing to cover-glasses, if that
method is nsed) in a mixture of equal parts of liquor ferri sul-
furici oxydati of the German Pharmacopwia and distilled water for
twentv-four honrs.

2. Rinse in distilled water, and then wash in three changes of
tap-water.

3. Stain in aqueous solution of hematoxylin, prepared by mix-
ing 10 drops of a concentrated alcoholic solution of the crystals
with 10 ce. of distilled water. Stain for from one-half to twenty-
four hours,

This is a powerful stain
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fibres a dark blue, nearly black, color. If it has been preceded by
a stain with neutral earmine, the axis-eylinders of the nerve-fibres
will be stained red, and the nuelei of the nerve-cells will also
appear red.

14. Golgi's Methods.—These methods have yielded most excel-
lent resultz in the study of the central nervous system, the dis-
tribution of the peripheral nerves, and the delicate terminations
of the ducts of glands; e g., the bile-capillaries. The methods
must be regarded as special procedures in such studies, and can
but be referred to here. They all depend upon hardening in some
chromium salt, with or without the addition of osmie acid, and the
subsequent impregnation with silver nitrate. A precipitate is thus
produced on or within certain of the elements in the specimen, giving
them a dark-brown or black color. The methods are capricions,
and not all of the tissue-elements of like character in the specimen
are rendered prominent. This is an advantage, but necessitates
a degree of care in the interpretation of the results.  Furthermore,
irrelevant precipitates may form in the tissues which have no
definite relations to any structure. Considerable practice is, there-
fore, required for the suecessful employment of all these methods,
not only for a satisfactory exeention of the manipulations, but also
in the study of the results. The methods have no value for the
study of cell-strueture, since the whole eell iz either covered or
filled with the precipitates formed during the impregnation with
silver.

Golgi has divided his methods into three gronps: the slow, the
rapid, and the mixed. For the details of these methods and of
the various modifications introduced by different investigators the
student iz referred to the jonrnalz on mieroscopy. It must =uffice
to state here that the slow method begins with a hardening of the
tizsues in a 2 per cent. solution of potassinm bichromate, which is
gradually raised to 5 per cent. This hardening takes from fifteen
days to three months, In the rapid method the tissunes are first
hardened in a mixture of 4 parts of a 2 per cent. =olution of potas-
sium bichromate and 1 part of a 1 per cent. solution of osmie acid.
The tissues remain in this mixture for from two to six days, when
they are ready for impregnation. For either method the pieces
of tissue should not be thicker than 1.5 em.
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2, Carbol-xylol.—

Carbolic acid erystals (melted), 1 vol.
Xylol, 3 vols,

Thiz mixture is much more tolerant of water than pure xylol.
Sections dehydrated in 95 per cent. aleohol may be eleared with
this reagent, which does not dissolve collodion.  The carbolie aecid
used should be pure, but need not be the more expensive synthetie
produet.

3. 0il of Bergamot.—Thi=s light-green essential oil elears well and
does not dissolve collodion. It may be used when 95 per cent.
alcohol has been emploved for dehydrating.

4. 0il of Origanum.—The oleum origani cretici should be used.
It is of light-brown color and clears sections dehydrated in 95 per
cent. aleohol or stronger. It slowly discharges anilin-colors.

5. 0il of Cloves.—This clearing-agent dissolves collodion and
discharges anilin-colors. It may be used when it is desired to get
rid of the collodion used for embedding after the sections have been
stained. This removal is favored by dehydration in absolute aleohol
before elearing.

6. 0il of Cedar-wood.—This, when pure, has a very licht-vellow
color and smells like cedar-wood. It should be free from the more
pungent odor of the oil derived from the leaves. This essential
oil does not discharge anilin-colors, and is, therefore, nseful when
those dyes have been emploved. It clears slowly, but well, and
may be used after dehydration with 95 per cent. aleohol,

Methods of Mounting.

Sections that have been treated by the foregoing methods of
preparation are fitted for mounting in a solution of some resin.
The most commonly emploved are Canada balsam and dammar.
The best =olvent for these resins 1= xvlol, though chloroform and
benzol are sometimes used for this purpose.  All traces of turpen-
tine shonld be removed from the balsam before its solution, to avoid
the discharge of stains with hematoxylin or anilin-dyes which tur-
pentine oceasions,

When sections arve transferred from aleohol to a clearing-agent
they float upon the surface of the latter, and can then be flattened
and all folds removed. As the aleohol is extracted the sections
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that are inevitable cause the glycerin to make its way between the
glass and cement, loosening the latter.

A better medinm than glyeerin for sections that cannot be sub-
jeeted to the action of aleohol for the purpose of dehydration is
glyeerin-jelly. This is prepared by soaking the best French gelatin
in cold water until it has imbibed all it will readily take np, then
melting the gelatin, after pouring off' the excess of water, and
adding an equal bulk of glycerin. A little carbolic acid may be
added to the mixture to preserve it. The manipulations for mount-
ing are similar to those given above, the seetions being transferred
from water to the slide. The glveerin-jelly may be melted and a
drop placed upon the section, or a little lump of’ the solid jelly may
be placed upon a cover-glass, melted by gentle heat, and the cover-
glass then inverted over the section on the slide.  After the jelly
has dried at the edges of the cover-glass they may be painted with
xylol balsam, dammar, or some cement,

The Rapid Preparation of Sections for Diagnosis.

The most expeditions means of obtaining sections of fresh tis-
sues is to cut them without preliminary treatment with reagents,
either free hand with a razor, or with the aid of a freezing mi-
erotome (page 415). Such sections may be stained with methylene-
blue (aqueous solution, page 423), or they mav be examined in
neutral salt solution. If they are to be stained, spread them out
on a slide, pour a few drops of the methylene-blue =olution over
them, and, after a few moments, wash off the dye with water and
cover the section. If such rapid work is not necessary, the sections
can be fixed in formalin (page 416), and, after washing out that
reagent, stained. Such sections may be hardened and dehydrated,
by placing them in dishes of increasingly strong aleohols, and
finally mounted in dammar; but the results are by no means =o
good as when fixation and hardening are done before seetions are ent.

When time is not pressing the following method will give good
results :

1. Fix and harden pieces not over } inch thick in absolute aleohol
on quick-lime over night (page 407).

2. Dip the specimen in thick collodion and embed it on a glass
block by the rapid method (page 412). When the block has been in
80 per cent. aleohol for three or four hours it may be cut; but it is
better to let the collodion harden for twenty-four hours,
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the bottom of the tube with a elean pipette.  Place the finger over
one end of the pipette before introducing it into the fluid, to retain
the air ; then bring the other end in contact with the sediment and
allow the air to eseape slowly. Close the upper end of the pipette
and withdraw it. Carefully wipe the outside of the pipette, and
transfer the sediment to a slide and cover it with a cover-glass,
Many sediments may be stained with alum-carmine, methylene-blue,
or Gram’s solution, drained, and mounted in glycerin jelly.

2. Microchemical Reactions.—These reactions are resorted to to
determine the chemical nature of objects under the microscope,
Every stain is the result of a microchemical reaction, but as yet
the knowledge obtained by staining tissues cannot always be ex-
pressed in chemical language.

The manipulations are usually so condueted that the reaction can
be directly observed under the microscope. The object to be studied
iz placed in the middle of the field. The reagent used is then
placed at one edge of the cover-glass, whenee some of it will How
beneath the latter. To facilitate the entrance of the reagent a nar-
row strip of filter-paper may be brought in contact with the oppo-
site edge of the cover, withdrawing some of the fluid from beneath
it. It is best to sharpen the end of the strip which comes in con-
tact with the cover-glass, =0 that the abzorption of fluid shall be
slow ; otherwise the currents induced will be likely to wash the
objeet from the field of vision. The following tests, applied in this
way, may be of use:

@. Urates. Insoluble in 1 per eent. acetic acid ; soluble, on the
application of heat, in water (or urine). The slide must be removed
from the microscope when heat is applied to it.

h. Earthy phosphates. Dissolve on the addition of 1 per cent,
acetic acid.  Are not dissolved by heat.

e, Caleium oxalate. Insoluble in 1 per cent. acetic acid ; =oluble
in 1 per cent. hydrochloric acid.

d. Carbonates. Soluble in 1 per cent. acetie acid or hydrochlorie
acid, with evolution of gas-bubbles,

e. Albuminoid granules, Become indistinet, and finally invisible,
on the addition of 1 per cent. acetic acid or 1 per cent. potassium
hydrate ; not blackened by osmie acid,

f. Fatty granules. Not affected by 1 per eent. acetic acid or 1
per cent. potassium hydrate. Stained black or dark brown by osmie
acid.
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The sections may now be examined in a glycerin-mount with a
wide diaphragm, or they may be counterstained, for which purpose
treat as follows

() Wash with water.

(e) Stain with Orth’s lithio-carmine.

() Dehydrate and mount in xvlol-dammar.

The iron in the section is converted into Prussian blue ; the nuelei
of the cells, when the counterstain has been employed, are red,

[, Examination of sputa for elastic fibres. In pulmonary disease
involving a destruction of pulmonary tissue and the appearance of
fragments in the expectoration, elastic fibres from the alveolar walls
may frequently be found in the sputa :

FFill a test-tube one-third full of sputa, add five or six drops of
36 per cent. potassium hydrate solution, and boil the mixture for
three or four minutes. Add an equal bulk of distilled water,
Divide the contents of the tube between the two tubes of the cen-
trifuge and precipitate their contents. If elastic fibres were pres-
ent, they will be found either in the sediment or in the scum on the
top of the fluid.

3. Methods of Maceration.—

. One-third aleohol.

95 per eent. aleohol, 35 ce.
Distilled water, BE

This dilute aleohol is excellent for the separation of epithelium
from the surfaces of mucous membranes. The fresh tissues are
placed in the aleohol for a day or two, after which the cells ean
easily be detached and separated by shaking. The cells are well
preserved, and may be stained with methylene-blue or alum-car-
mine,

b. Potassium hydrate.

otassinm hvdrate, pure by aleoho 36 grams.
Pot: hydrate, j by aleohol, 36 o
Distilled water, 64 cc.

The solation should be cold before use. It eannot be filtered
through paper ; but if not clear, should be decanted from any sedi-
ment, or a fresh solution prepared. Maceration takes place very
quickly in this solution. The tissues can usually be teased apart
within fifteen to thirly minutes. They must be examined in the
potash solution without dilution, as the addition of water quickly
destroys the tissue-elements.  For this reason the specimens to he
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BBE condenser, 266
Absorption, 128
Achromatic s inlile, 35 (fig. 8), 87
Achromatin, E.;
Acidophilie cells, 119
lencocytes, 119
Acini, glandular, 59, 60
Acromegaly, 191
Adipose tissue, 78
funetions of, 79
Adrenal bodies, 180, 186
zona granulosa of, 187
reticularis of, 187
Adventitia, 112
Afferent vessels of kidney, 157
of lymph-glands, 116
Air passages, 168
Albumin, egg, 285
Mayer’s, 285
Albuminoid granules, tests for, 301
Albuminuria, 163, 183
Aleohol, absolute, 407
methods of maceration, 303
Alum-carmine, 289
methods of staining, 289
Alveolar ]iaaaagr.ﬁi, 170
Alveoli, glandular, 60
lining of, 151
pulmonary, 171
Amacrinas, cellulas, 235 (fig. 217)
Amamba, 28
comparison with other cells, 30
Amaeboid movement, 29
Ampulla of breast, 219
Amylacia, corpora, 224
Anilin-water, 424
Animals, multicellular, 28
unicellular, 27, 28
Aponeuroses, 78
Arcades, vascular, of kidney, 157
Areolar tissue, 76
development of, 76
* ground-substance” of, 76
Arrectores pili, 203
Arterial arcade of kidney, 157
Arteries, 110
helicine, 22

| Artery, hepatic, 146, 148
| Articular cartilages, 66
Arytenoid cartilage, 168
i Aszimilation, nuu%eu:‘a in, 32
Association cells, see Spongioblasts, 235,
262
-fibres of cerebrum, 249
| of spinal cord, 239
| Attraction-spheres, 35, 35
| Axis-cylinder, 96-98, 234

: BA}TD, constricting, of Ranvier, 98
| Basement-membrane, 58, 132

' 139, 232

| Basophilic lencocytes, 120, 126

Bergamot, oil of, 274
methods of clearing, 207
Bile capillaries, 149, 150
duct, 1406, 152
| Bioplasm, see Cigdoplasin, 29, 32
Bipolar nerve cells, 95
Bladder, 164
lining of, 156
Blaod, 122
functions of, 108, 123
-plates, 122, 126
Bodies, adrenal, 186
carotid, 181, 194
Malpighian, 154
of spleen, 177
Pacinian, 252
polar, 35, 217
Body, cocevgeal, 181, 195
pituitary, 139
Bone, 68
canaliculi of, 68
cement in, T
elassification of, 70
corpuscles, 68
development of, 71
effects of deecaleification on, 69
general character of, 68
“ pround substance ” of, 70
Haversian canals of, 63
intercellular substances in, 70
lacune of, 68

|  -~-marrow, 71,119

207
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Cell, or cells, primitive, 27, 31
of Purkinje, 243
pyriform, 56
reproduction of, 34, 40
of Sertoli, 225
simplest, 28
specialization of, 27
splenie, 176
stellate, 245
large, 245
small, 245
structure of, 27, 31
sustentacular, of retina, 261
of testis, 227
unspecialized, 27
wandering, 124
Celloidin, see Collodion, 268, 284
Cellulas amacrinas, 235 (fig. 217)
Cellulose, tests for, 302
Cement of teeth, 205, 206
snbstance, 45
in bone, 70
in fibrous tissue, 72
in muscular tissue, 84
Central nervous system, 103
veins, 148
Centrosome, 51, 34
division of, 34, 39
function of, 32
Cerebellum, 243
Cerebrum, 246
association-fibres of, 250
commissure-fibres of, 249
projection-fibres of, 249
Cheek, lining of, 54
Chromatin, 34
reduction of, 226, 231
Chromie acid, 267, 304
methods of maceration, 304
Chromolysis, 220
Glmﬁ:ﬂphiliu granules of nerve-cells,

Chromoplasm, 34, 40
and heredity, 39
during karyokinesis, 35
Chromosomes, 37, (fig. 8), 39
Chyle, 126
Cilia, 27, 53
movement of, 27
Ciliated epithelium, 42, 53
Cirenlation, intracellular, 30
Circnlatory system, 108
Clarke, columns of, 241
Classification of bone, 70
of bone-marrow, 71, 119
of eartilage, 65
of connective tissues, 63
of epithelinum, 49 ef zeq.
of fibrous tissue, 72, 74

309

Classification of glands, 58, ef seq.
of muscular tissues, 82, 83
of nerve cells, 96, 234
fibres, 96
Cleaning objectives, 285
Clearing, methods of, 296
bergamaot, oil of, 207
carbol-xylol, 297
cedar-wood, vil of, 297
cloves, oil of, 297
origanum, oil of, 247
xylol, 296
Clefts of Lantermann, 99
Cloves, oil of, 297
f methods of clearing, 297
Coagulation, explanation of, 127
Coceygeal body, 181,105
gland, 195
Collateral fibres of spinal cord, 239
Collecting tubules of kidney, 155,
i 160
| Collodion, 268, 284
embedding, 280
methods of impregnation, 277
Colloid degeneration in thyroid, 182
in hypophysis, 189
in thyroid body, 131
| Colon, 142
 Colostrum, 219
-corpuscles, 219
Columnar epithelinm, 52
Columns of Clarke, 241
Commissare-fibres of cerebrum, 249
Condenser, Abbé, 266
Connective tissue, 63
classification of, 63, 72
development of, 63, 75
fibres, staining of, 203
funetions of, 63, 77, 79
intercellular substance in, 63
Contractile substance, 83
| vacuoles, 30
| Convoluted tubules of kidney, 155
Cord, spinal, 236
umbilical, 76
vocal, 168
Corium, 196
Cornicula of larvnx, 67
Corpora amylacea, 224
cavernosa, 222
Corpus album, 210
cavernosum, 222
heemorrhagicum, 210
luteum, 210
spongiosum,
Corpuscles, colostrum-, 219
renital, 253
of Hassall, 192
of Krause, 253
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Infusion, 27
Interalveolar cell-islets, 142
Interarticular cartilages, 66
Intercellular bridges, 56, 84
substances, 44
in bone, 70
in cartiiage, 65
in connective-tissue, 63
in endothelium, 45, 47
in epithelium, 49
in musele, 82, 84, 90
Interlobular vessels of kidney, 157
of liver, 147
Internal secretion, 42, 62, 183, 189
Interpretation of microseopical
pearances, 84, 175, 266, 269
Interstitial tissue, 78
Interstitium, 106
Intervertebral disks, 66
Intestine, large, 142
lining cells of, 54
muscularis mucose of, 139
small, 137, 141
villi of, 138, 139
Intima, 110
Intracellular cireulation, 30
digestion, 30
Involuntary muscles, 88, 91
Todothyrin, see Fhyroidin, 184
Iris, diaphragm, 266
Iron-hematoxylin stain, 293
Trom, tests for, 302

ARYOKINESIS, 34
chromoplasin during, 34
diaster-phase, 38

dispirem-phase, 38
monaster-phase, 37
significance of, 39
spirem-phase, 35
Karvolysis, 220
Keratin, 54, 198
Keratoid degeneration, 201
Kidney, afferent vessels of, 157
boundary zone of, 153
cap=ule of, 162
collecting tubules of, 155, 160
cortex of, 153
efferent vessels of, 158
interlobular vessels of, 157
labyrinth of, 155
lobes of, 153
Malpighian bodies of, 154
medulla of, 153
papille of, 153, 154, 160
pelvis of, 163
stellate veins of, 139
vascular arcades of, 157
Kidneys, 153

INDEX. 313

ap-

Kinetic energy, 18
Krause, corpuscles of, 253

ABYRINTH of kidney, 155
Lacteals, 114, 139
Lacunse of bone, 68
Lantermann, cleftz of, 99
Larynx, 168
Layers, embryonie, 22
Lenses, eleaning, 265
Leucocytes, 124
acidophilie, 119
basophilie, 126
eosinophilic, 126
large mononuelear, 125
polynuclear neutrophilie, 125
Lieberkiihn, crypts of, 139
Ligaments, 78, 80
Ligamentum nuchze, 81
Liquor folliculi, 209
Lithio-carmine, 210
methods of staining, 289
Littré's glands, 166
Liver, 146
functions of, 151
interlobular vessels of, 147
intralobular vessels of, 148
lobules of, 147
Lobes of kidney, 153
Lobules of kidney, 154
of liver, 147
of lung, 172
Lung, circulation of, 173
feetal, 51
functions of, 173
infundibula of, 171
lobules of, 172
structure of, 169, 175
Lymph, 113, 122
circulation of, 79
-follicles, 76, 115, 131, 140, 143,
177
functions of, 108
-glands, 114
afferent vessels of, 116
ecortex of, 115
efferent vessels of, 116
medulla of, 115
-nodes, 114
earbon in, 119
function of, 119
-sinus, 116
trabecul: of, 115
spaces, 46, 76, 108, 114, 148
Lymphadenoid tizsue, 76
Lymphatic glands, 76, 114
valves, 109, 114
vessels, 114
Lymphocytes, 125
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INDEX,

Etuinin?zﬁamﬂhnda of, carmine, neutral,

epsin, 288
fuschin, carbol-, 241
ntian-violet, 291
olgi's methods, 205
Gram's solution, 292
hematoxylin, 236
iron-hsematoxylin, 203
methylene-blue, 290, 291
Pal’s method, 294
Van Giesen’s stain, 293
Starch, tests for, 301
Stellate cells, 245
large, 245
small, 245
veins of kidney, 159
Stomach, 154
cardiac glands of, 156
crypts of, 134
muscularis mucose of, 134, 137
ruge of, 157
Stomata, 46
pseudo-, 47
Stratum granulosum, 198
lncidum, 198
Stratified epithelium, 54, 129, 134, 216
Striated muscles, 91
Stroma of ovary, 207
of red corpuscles, 123
Stropping, method of, 283
Strumipriva, cachexia, 183, 186
Subcutaneous tissues, 77, 196
Sublingual glands, 131
Submaxillary glands, 131
Substance, contractile, 83, 90, 92
Suduir‘:;gumus glands, see Sweat-glands,

Suprarenal capsules, 186
Sustentacular cells of retina, 261
of testis, 227
Sweat-glands, 198
Synchondroses, 66
System, Haversian, 71
nervous, 103, 106, 234
vascular, 106, 108

ACTILE corpuseles, 197, 252
Taste-buds, 254
Teasing, 268
Technique, microscopical, 267
Teeth, 205
cement of, 205, 206
ulp of, 205, 206
Teledendrites, 234
Teleneurites, 234
Temporary cartilages, 66
Tendon, 78, 80
Terminations, nerve-, 103

17

Testis, 225
sustentacular cells of, 227
trabecule of, 226
Tests, caleinm oxalate, 301
carbonates, 301
cellulose, 801
granules, albuminoid, 301
fatty, 201
haemoglobin, 301
iron, 302
phosphates, earthy, 301
starch, 301
urates, 301
Thoracie duct, 114
Thrombus, 127
Thymus, 180, 192
Thyroid body, functions of, 181, 183
cartilage, 66
gland, 180, 181
Thyroiodine, 134
Tissue, adipose, 78
areolar, 76
development of, 76
“ ground-substance ” of, 76
connective, 63
development of, 63, 75
elementary, 41
recognition of, 43
embedding, 268
erectile, 222
fibrous, 72
cells of, 72
cement in, 72
development of, 75
*ground-substance " of, 72
fixation of, 268, 269, 271
interstitial, 758
lymphadenoid, 76
mueoid, 183
mueous, 74
“ oround-substance ¥ of, T4
muscular, 83
cement in, 84
nervons, 94
nutrition of, 79, 80, 108, 109
Tissues, cardiac muscular, 89
connective, 63
elementary, 41
epithelial, 45
fixation of, 269, 271
preparation of, 267
by cutting, 268
by maceration, 268
reticular, 76
* erround-substance ™ of, 76
gections of, 268
interpretation of, 84, 175, 266, 269
smooth musecualar, 83
staining of, 270, 286
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ABBOTT (A.C.). PRINCIPLES OF BACTERIOLOGY : a Practical Manual for
Students and Physicians. New (5th) edition enlarged and thumugg:‘li revised. In one
handsome 12mo. volume of 585 pages, with 109 engravings, of which 26 are colored.
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A TREATISE ON SURGERY BY AMERICAN AUTHORS. FOR STUDENTS
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DALTON (JOHN C.). A TREATISE ON HUMAN PHYSIOLOGY. Seventh
edition, thoroughly revised. Octavo of 722 pages,with 252 engravings. Cloth, $5; leather,$6.
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DRAPER (JOHN C.). MEDICAL PHYSICS. A Text-book for Students and Prae-
titioners of Medicine. Octavo of 734 pages, with 376 engravings. Cloth, $4.

DRUITT (ROBERT). THE PRINCIPLES AND PRACTICE OF MODERN
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volume of 652 pages with 8 colored plates. Just Ready. Cloth, $3.00, net; limp
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DUNGLISON (ROBLEY). A DICTIONARY OF MEDICAL SCIENCE. Con-
taining a full Explanation of the Various Subjects and Terms of Anatomy, ology,
Medical Chemistry, Pharmaey, Pharmacology, Therapeutics, Medicine, Hygene,
Pathology, Surgery, (}q:-hthaimalﬂgy, Otology, Laryngology, Dermatology, A
Obstetrics, Pediatries, Medical Jurisprudence, Dentistry, ete., ete. By RoerLeEy Duxeri-
gon, M.D., LI.IN, late Professor of Institutes of Medicine in the Jefferson Medieal Col-
lege of Philadelphia. Edited by Ricrarp J. Duxcrisox, A.M., M.D. Twenty-second
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Accentuation and Derivation of the Terms. With Appendix. Imperial octavo of about
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DUNHAM (EDWARD K.). MORBID AND NORMAL HISTOLOGY. Octavo,
450 pages, with 360 illustrations. Cloth, $3.25, net.

NORMAL HISTOLOGY. New (2d) edition. Octavo, 319 pages, with 244
illustrations. Just Ready. Cloth, $2.50, net.

EDES (ROBERT T.). TEXT-BOOK OF THERAPEUTICS AND MATERIA
MEDICA. In one 8vo. volume of 544 pages. Cloth, $3.50; leather, $4.50.

EDIS (ARTHUR W.). DISEASES OF WOMEN. A Manual for Students and
Practitioners. In one handsome 8vo. volume of 576 pages, with 148 engravings.
Cloth, $3; leather, $4.

EGBERT (SENECA). HYGIENE AND SANITATION. In one 12Zmo. volume of
359 pages, with 63 illustrations. Cloth, $2.25, net.

ELLIS (GEORGE VINER). DEMONSTRATIONS IN ANATOMY. Being a
Guide to the Knowledge of the Human Body by Dissection. From the eighth and revised
English edition. Octavo, 716 pages, with 249 engravings. Cloth, $4.25; leather, $5.25.

EMMET (THOMAS ADDIS)., THE PRINCIPLES AND PRACTICE OF
GYNAECOLOGY. Forthe usze of Students and Practitioners. Third edition, enl
and revised. Svo. of 880 pages, with 150 original engravings. Cloth, $5; leather, $6.

ERICHSEN (JOHN E.). THE SCIENCE AND ART OF SURGERY. A new
American from the eighth enlarged and revised London edition. In two large octavo
volumes containing 2316 pages, with 984 engravings, Cloth, $9; leather, $11.

ESSIG (CHARLES J.). PROSTHETIC DENTISTRY. See American Text-books
of Dentistry, page 2.

EVANS (DAVID J.\. 4 POCKET TEXT-BOOK OF OBSTETRICS. 12mo.
of about 300 pages, amply illustrated. Shortly,

FARQUHARSON (ROBERT). 4 GUIDE TO THERAPEUTICS. Fourth
American from fourth English edition, revised by Fraxx Woonsury, M.D. In one
12Zmo. volume of 581 pages. Cloth, $2.50.¢

FIELD (GEORGE P.). A MANUAL OF DISEASES OF THE EAR. Fourth
edition. Oectavo, 391 pages, with 73 engravings and 21 colored plates. Cloth, $3.75.

FLINT (AUSTIN). 4 TREATISE ON THE PRINCIPLES AND PRACTICE
OF MEDICINE, New (Tth) edition, thoroughly revised by FrEperick P. HExRY,
M.D. In one large 8vo. volume of 1143 pages, with engravings. Cloth, $5; leather, $6.

A MANUAL OF AUSCULTATION AND PERCUSSION ; of the Physi-

cal Diagnosis of Diseases of the Lungs and Heart, and of Thoracic

edition, revised by James C. Wirsox, M.I). In one handsome 12mo. volume of 274

pages, with 12 engravings.

A PRACTICAL TREATISE ON THE DIAGNOSIS AND TREAT-

MENT OF DISEASES OF THE HEART. Second edition, enlarged. In one

octavo volume of 550 pages. Cloth, $4.

A PRACTICAL TREATISE ON THE PHYSICAL EXPLORATION
OF THE CHEST, AND THE DIAGNOSIS OF DISEASES AFFECTING
THE RESPIRATORY ORGANS. Second and revised edition. In one octavo vol-
ame of 581 pages. Cloth, $4.50.

MEDICAL ESSAYS. In one 12mo. volume of 210 pages. Cloth, $1.38.

ON PHTHISIS: ITS MORBID ANATOMY, ETIOLOGY, ET(. A Beries
of Clinical Lectures. In one 8vo. volume of 442 pages. Cloth, $3.50.
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FOLSOM (C. F.). AN ABSTRACT OF STATUTES OF U. 8. ON CUSTODY
OF THE INSANE. In one 8vo. volume of 108 pages. Cloth, $1.50. With (Youston
on Mental Diszeases (see page 4), at $5.00, nef, for the two works.

FORMULARY, THE NATIONAL. See Stllé, Maisch & Caspari's National Dizspensa-
tory, page 14.

FORMULARY, POCKET. See page 1.

FOSTER (MICHAEL). A TEXT-BOOK OF PHYSIOLOGY. New (6th) and
revised American from the sixth English edition. In one large octavo volume of 923

pages, with 257 illustrations. Cloth, $4.50; leather, $5.50.

FOTHERGILL (J. MILNER). THE PRACTITIONER'S HAND-BOOK OF
TREATMENT. Third edition. In one handsome octavo volume of 664 pages.
Cloth, $3.75; leather, $4.75.

FOWNES (GEORGE). A MANUAL OF ELEMENTARY CHEMISTRY (IN-
ORGANIC AND ORGANIC). Twelfth edition. Embodying Warts' Physical and
Imrfanid Chemistry. In one royal 12mo. volume of 1061 pages, with 168 engravings, and
1 colored plate. Cloth, $2.75; leather, $3.25. :

FRANEKLAND (E.) AND JAPP (F.R.). INORGANIC CHEMISTRY. In one
handzome octavo volume of 677 pages, with 51 engravings and 2 plates. Cloth, $3.75;
leather, $4.75.

FULLER (EUGENE). DISORDERS OF THE SEXUAL ORGANS IN THE
MALE., In one very handsome octavo volume of 238 pages, with 25 engravings and
8 full-page plates. Cloth, $2.

HENRY). ON DISEASES OF THE LUNGS AND AIR-PASSAGES,
Their Pathology, Physical Diagnosis, Symptoms and Treatment. From second English
edition. In one 8vo. volume of 475 pages. Cloth, $3.50.
GALLAUDET (BEREN B.). 4 POCKET TEXT-BOOK ON SURGERY.
12mo. of about 400 pages, with many illustrations. Shortly.

GANT (FREDERICK JAMES). THE STUDENT'S SURGERY, A Multum in
Parvo. In one square octavo volume of 845 pages, with 159 engravings. Cloth, §3.75.

GERRISH (FREDERIC H.)) 4 TEXT-BOOK OF ANATOMY. By American

Authors. ited by FrEperic H. Gerrisg, M.I)  In one imp. octavo volume of 915

ages, with 950 illustrations in black and colors. Cloth, $6.50; flexible water-proof,
g'i'; sheep, $7.50, nei,

GIBBES (HENEAGE). PRACTICAL PATHOLOGY AND MORBID HIS-
TOLOGY. Octavo of 314 pages, with 60illustrations, mostly photographic. Cloth, $2.75.

GOULD (A. PEARCE)., SURGICAL DIAGNOSIS, In one 12mo. volume of 589
pages. Cloth, $2. Bee Students’ Series of Manuals, page 14.

GRAY (HENRY). ANATONY, DESCRIPTIVE AND SURGICAL. New
American edition thoroughly revised. In one imperial octavo volume of 1239 pages,
with 772 large and elaborate engravings. Price with illustrations in colors, cloth, $7 ;
leather, $8. Price, with illustrations in black, cloth, $6; leather, $7.

GREEN (T. HENRY). AN INTEODUCTION TO PATHOLOGY AND MOR-
BID ANATOMY. New (8th) American from eighth and revised English edition.
Oet. 595 pages, with 215 engravings and a colored plate. Cloth, $2.50, net.

GREENE (WILLIAM H.). 4 MANUAL OF MEDICAL CHEMISTRY. For
the Use of Students. Based upon Bowmax's Medical Chemistry., In one 12mo. volume
of 310 pages, with 74 illustrations. Cloth, $1.75.

GRINDON (JOSEPH). 4 POCKET TEXT-BOOK OF SKIN DISEASES.
12mo. of 350 pages, with many illustrations. Shortly.

GROSS (SAMUEL D.). 4 PRACTICAL TREATISE ON THE DISEASES,
INJURIES AND MALFORMATIONS OF THE URINARY BLADDER,
THE PROSTATE GLAND AND THE URETHRA. Third edition, revised by
Bamvern W. Gross, M.D.  Octavo of 574 pages, with 170 illustrations.  Cloth, $4.50.

HARBERSHON (8. 0.). ON THE DISEASES OF THE ABDOMEN, comprising
those of the Stomach, (Esophagus, Cecum, Intestines and Peritoneum. Second Amer-
ican from the third English edition. In one octavo volume of 554 pages, with 11 engrav-
ings. Cloth, $3.50.
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HALL (WINFIELD 8.). TEXT-BOOK OF PHYSIOLOGY. Octavo, 672
g’;’)th 343 engravings and 6 colored plates. Just Ready. Cloth, $4.00, net; m
.00, net, e

HAMILTON (ALLAN McLANE). NERVOUS DISEASES, THEIR DESCRIP-
TION AND TREATMENT, Second and revised edition. In one octavo volume of

508 pages, with 72 engravings. Cloth, $4.

HARDAWAY (W. A.). MANUAL OF SKIN DISEASES. New (2d) edition.
én one 12mo. volume, 560 pages with 40 illustrations and 2 colored plates. Cloth,
2. 25, net.

HARE (HOBART AMORY). 4 TEXT-BEOOK OF PRACTICAL THERA-
PEUTICS, with Special Reference to the Application of Remedial Measures to Disease
and their Employment upon a Rational Basis. With articles on various subjects by well-
known specialists, New (Sth) and revised edition. In one octavo volume of 796 :
with 37 engravings and 3 colored plates. Just Ready. Cloth, $4.00, net; leather, $5.00, net,

PRACTICAL DIAGNOSIS. The Use of Symptoms in the Diagnosis of Dis-
ease. New (4th) edition, revised and enlarged. In one octavo volume of 623 pages,
with 205 engravings, and 14 full-page plates. Cloth, $5, net.

Editor. 4 SYSTEM OF PRACTICAL THERAPEUTICS. By American
and Foreign Authors. In a series of contributions by eminent practitioners. In four
large octavo volumes comprising 4600 with 476 vings. Vol. IV., now ready.
Regular price, Vol. IV., cloth, $6; leather, $7; half Russia, $3. Price Vol. IV. to
former or new subscribers to complete work, cloth, $5; leather, $6; half Russia, $7.

subscription only.

Complete work, cloth, $20; leather, $24 ; half Russia, $28. For sale
Full prospectus free on application to the publishers.

ON THE MEDICAL COMPLICATIONS AND SEQUEL.E OF TYPHOID
FEVER. Octavo, 276 pages, 21 engravings, and2 full-page plates. Cloth, $2.40, net.
HARTSHORNE (HENRY). ESSENTIALS OF THE FPRINCIPLES AND

PRACTICE OF MEDICINE. Fifth edition. In one 12mo. volume, 669 pages,
with 144 engravings., Cloth, $2.75; half bound, $3.

A HANDBOOK OF ANATOMY AND PHYSIOLOGY. In one 12mo.
volume of 310 pages, with 220 engravings. Cloth, $1.75.

4 CONSPECTUS OF THE MEDICAL SCIENCES. Comprising Manuals
of Anatomy, Physiology, Chemistry, Materia Medica, Practice of Medicine, Surgery and
Obstetrics. Second edition. In one royal 12mo. volume of 1028 pages, with 477 illus-
trations. Cloth, $4.25; leather, $5.

HAYDEN (JAMES R.). A MANUAL OF VENEREAL DISEASES. New (2d)
edition. In one 12mo. volume of 304 pages, with 54 engravings, Cloth, $1.50, net.

HAYEM (GEORGES) AND HARE (H. A.). PHYSICAL AND NATURAL
THERAPEUTICS. The Remedial Use of Hmﬁleﬂﬁdt , Modifications of Atmos-
Elhﬂric Pressure, Climates and Mineral Waters. ited b f. H. A. Harg, M.D.
n one octavo volume of 414 pages, with 113 engravings. Cloth, $3.

HEEMAN (G. ERNEST). FIRST LINES IN MIDWIFERY. 12mo., 198 pages’
with 80 engravings. Cloth, $1.25. See Students’ Series of Manuals, page 14,

HEBEMANN (L.). EXPERIMENTAL PHARMACOLOGY. A Handbook of the
Methods for Determining the Physiologieal Actions of Drugs. Translated by RoBErT
Meape Smrra, M.D.  In one 12mo. vol. of 199 pages, with 32 engravings. Cloth, $1.50,

HERRICE (JAMES B.). 4 HANDBOOK OF DIAGNOSIS. In one handsome
12mo. volume of 420 pages, with 80 engravings and 2 colored plates. Cloth, $2.50.

HILL (BEREELEY). SYPHILIS AND LOCAL CONTAGIOUS DISORDERS.
In one 8vo. volume of 479 pages. Cloth, $3.25. 4

HILLIER (THOMAS). A4 HANDBOOK OF SKIN DISEASES. Becond edition.
In one royal 12mo. volume of 353 pages, with two plates. Cloth, $2.25.

HIRST (BARTON C.) AND PIERSOL (GEORGE A.). HUMAN MONSTROS-
ITTES. Magnificent folio, containing 220 pages of text and illustrated with 123 engrav-
ings and 39 large photographic plates E‘ﬂm nature, In four parts, price each, $5.  Limited
edition, For sale by subseription only.
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HOBLYN (RICHARD D.). 4 DICTIONARY OF THE TERMS USED IN
MEDICINE AND THE COLLATERAL SCIENCES. New (13th) edition. In
one 12mo. volume of 845 pages, Just Ready. Cloth, $3.00, net.

HODGE (HUGH L.). ON DISEASES PECULIAR TO WOMEN, INCLUDING
DISPLACEMENTS OF THE UTERUS. BSecond and revised edition. In one
8vo. volume of 519 pages, with illustrations. Cloth, $4.50,

HOFFMANN (FREDERICK) AND POWER (FREDERICK B.). 4 MANUAL
OF CHEMICAL ANALYSIS, as Applied to the Examination of Medicinal Chemicals
and their Preparations. Third edition, entirely rewritten and much enlarged. In one
handsome octave volume of 621 pages, with 179 engravings, Cloth, $4.25.

HOLMES (TIMOTHY). 4 TREATISE ON SURGERY. Its Principles and
Practice. A new American from the fifth English edition. Edited by T. PickERING
Pick, F.R.C.8. In one handsome octavo volume of 1008 pages, with 428 engravings.
Cloth, $6; leather, §7.

A SYSTEM OF SURGERY. With notes and additions by varions American
anthors. Edited by Jorx H. Packarp, M.D. In three very handsome Svo. volumes
containing 3137 double-columned pages, with 979 engravings and 13 lithographic plates.
Per volume, cloth, $6; leather, $7 ; half Russia, $7.50. For sale by subscription only.

HORNER (WILLIAM E.). SPECIAL ANATOMY AND HISTOLOGY. Eighth
edition, revised and modified. In two large Svo. volumes of 1007 pages, containing 320
engravings. Cloth, $6.

HUDSON (A.). LECTURES ON THE STUDY OF FEVER. In one octavo
volume of 308 pages. Cloth, $2.50.

HUTCHISON (ROBERT) AND RAINY (HARRY). CLINICAL METHODS.
An Introduction to the Practical Study of Medicine. In one 12Zmo. volume of 562 pages,
with 187 engravings and 8 colored plates, Cloth, $3.00.

HYDE (JAMES NEVINS). A PRACTICAL TREATISE ON DISEASES OF
THE SKIN. New (5th) edition, thoronghly revised. Oectavo, 866 pages, with 111
engravings and 24 full-page plates, 8 of which are colored. Just Ready. Cloth, $4.50,
net; leather, $5.50, net; half morocco, 56,00, net.

JACKSON (GEORGE THOMAS). THE READY-REFERENCE HANDEROOK
OF DISEASES OF THE SKIN., New (3d) edition, 12mo. volume of 637 pages,
with 75 engravings, and one colored plate. Cloth, $2.50, net.

JAMIESON (W. ALLAN). DISEASES OF THE SKIN. Third edition. Octavo,
656 pages, with 1 engraving and 9 double-page chromo-lithographic plates. Cloth, $6.

JEWETT (CHARLES). ESSENTIALS OF OBSTETRICS. In one 12mo. volume
of 356 pages, with 80 engravings and 3 colored plates. Cloth, $2.25.

THE PRACTICE OF OBSTETRICS. By American Authors. One large octavo
volume of 763 pages, with 441 engravings in black and colors, and 22 full-page colored
plates. Cloth, $5.00, net ; leather, $6.00, net; half morocco, $6.50, net.

JONES (C. HANDFIELD). CLINICAL OBSERVATIONS ON FUNCTIONAL
NERVOUS DISORDERS. Second American edition. In one octavo volume of 340
pages. Cloth, $3.25.

(HENBY). A HANDEOOK OF OPHTHALMIC SCIENCE AND
PRACTICE. Second edition. In one octave volume of 549 pages, with 201 engrav-
ings, 17 chromo-lithographic plates, test-types of Jaeger and Bnellen, and Holmgren's
Color-Blindness Test. Cloth, $5.50; leatlier, $6.50.

KIRK (EDWARD C.). OFPERA TIVE DENTISTRY, Bee American Text-books of
Dentistry, page 2.

EING (A.F.A.), A MANUAL OF OBSTETRICS. New (8th) edition. In one
12mo. volume of 612 pages, with 264 illustrations. Just Beady. Cloth, $2.50, net.

ELEIN (E.)\. ELEMENTS OF HISTOLOGY. New (5th) edition. In one pocket-
size 12mo. volume of 506 pages, with 206 engravings. Cloth, $2.00, nef.
See Students’ Series of Manuals, page 14.
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LANDIS ‘HENRY G.). THE MANAGEMENT OF LABOR. In one handsome
IZmo. volume of 329 pages, with 28 illustrations. Cloth, $1.75.

L%l Rhﬂsqﬂ'ﬂ (R.)., YELLOW FEVER. In two 8vo. volumes of 1468 pages.
loth, $7. .

LAURENCE (J. Z.) AND MOON (ROBERT C.). 4 HANDY-BOOK OF
OFPHTHALMIC SURGERY. Second edition. In one octavo volume of 227 pages,
with 66 engravings. Cloth, $2.75.

LEA (HENRY (.. CHAPTERS FROM THE RELIGIOUS HISTORY OF
SPAIN; CENSORSHIP OF THE PRESS; MYSTICS AND ILLUHINA%?
THE ENDEME)NIA,DAS EL SANTO NINO DE LA GUARDIA; B
ANDA DE BARDAXI. In one 12mo. volume of 522 pages. Cloth, $2.50.

A HISTORY OF AURICULAR CONFESSION AND INDULGENCES
IN THE LATIN CHURCH. In three octavo volumes of about 500 pages each.
Per volume, cloth, $3. Complete work just ready.

FORMULARY OF THE PAPAL PEHITENTIARI" In one octavo
volume of 221 pages, with frontispiece. Cloth, $2.50.

STUDIES IN CHURCH HISTORY. The Rise of the Temporal Power—
Benelit of Clergy—Excommunication. New edition. In one handsome 12mo. volume
of 605 pages. Cloth, $2.50.

SUPERSTITION AND FORCE; ESSAYS ON THE WAGER OF LAW,
THE WAGER OF BATTLE, THE ORDEAL AND TORTURE. Fourth
edition, thoroughly revised. In one royal 12mo. volume of 629 pages. Cloth, $2.75.

AN HISTORICAL SEKETCH OF SACERDOTAL CELIBACY IN THE
CHRISTIAN CHURCH, Becond edition. In one handsome octavo volume of 685
pages. Cloth, $4.50,

LOOMIS (ALFRED L.) AND THOMPSON (W. GILMAN), Editors. A4 SYS-
TEM OF PRACTICAL MEDICINE. InContributions by Various American Authors.
In four very handsome octavo volumes of about 900 pages each, fully illustrated in black
and colors, {}nnpfei‘a work now ready. Per wvolume, cloth, $5: leather, $6; half
%};Jﬁ'f!ﬂlm, $7.  For sale by subscription only. Full prospectus free on application to the

ishers.

LUFF (ARTHUR P.). MANUAL OF CHEMISTRY, for the use of Students of
Medicine. In one 12mo, volume of 522 pages, with 36 engravings. Cloth, $2. See
Students’ Series of Manualz, page 14.

LYMAN (HENRY M.). THE PRACTICE OF MEDICINE. In one very hand-
some octavo volume of 925 pages with 170 engravings. Cloth, $4.75; leather, $5.75.

LYONS (ROBERT D.). 4 TREATISE ON FEVER. In one octavo volume of 362
pages, Cloth, $2.25.

MACEKENZIE (JOHN NOLAND). THE DISEASES OF THE NOSE AND
THROAT. Octavo, of about 600 pages, richly illustrated. Preparing.

MATSCH (JOHN M.). 4 MANUAL OF ORGANIC MATERIA MEDICA.
New (Tth) edition, thoroughly revised by H. C. C. Maisch, Ph.G., Ph.D). In one very
handsome 12mo. of 512 pages, with 285 engravings. Cloth, $2.50, net,

MALSBARY (GEO. BE.). A POCKET TEXT-BOOK OF THEORY AND
PRACTICE OF MEDICINE. 12mo. 405 pages, with 45 illustrations. Just Ready.
Cloth, $1.75, nef; flexible red leather, $2.25, net.

MANUALS. See Students Qum Senex, page 14, Students’ Series of Manuals, page 14, and
Series of Clindeal Manuals, page 1

MARSH (HOWARD). DISEASES OF THE JOINTS. In one 12mo. volume of
468 pages, with 64 engravings and a colored plate. Cloth, $2. See Series of Clinical
Manuals, pa.ge 13.
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MARTIN (EDWARD.) SURGICAL DIAGNOSIS. One 12mo. volume of 400
pages, richly illustrated. Preparing.

MARTIN (WALTON) AND ROCEWELL (W.H.,, JR.). 4 POCKET TEXT-
BOOK OF CHEMISTRY AND PHYSICS. 12mo. 366 pages, with 137 illus-
trations. Just ready. Cloth, $1.50, nef ; flexible red leather, $2.00, net.

MAY (0. H.). MANUAL OF THE DISEASES OF WOMEN. For the use of
Students and Practitioners. Second edition, revised by L. 8 Rav, M.D. In one 12mo.
volume of 360 pages, with 31 engravings. Cloth, $1.75.

MEDICAL NEWS POCEET FORMULARY. See page 1.

MITCHELL (JOHN K.). REMOTE CONSEQUENCES OF INJURIES OF
NERVES AND THEIRE TREATMENT. In one handsome 12mo. volume of 239
pages, with 12 illustrations. Cloth $1.75.

MITCHELL (8. WEIR). CLINICAIL LESSONS ON NERVOUS DISEASES.
gil ﬂgﬂgﬁﬂ%ﬁ&nﬂﬂﬂma 12mo. volume of 209 pages, with 17 engravings and 2 colored plates,
'Dt ® = .

MORRIS ( OLM). DISEASES OF THE SKIN. New (2d) edition. In one
12mo. volume of 601 pages, with 10 chromo-lithographic plates and 26 engravings.
Cloth, $3.25, net.

MULLER (J.). PRINCIPLES OF PHYSICS AND METEOROLOGY. In one
large 8vo. volume of 623 pages, with 538 engravings. Cloth, £4.50.

MUSESER (JOHN H.). 4 PRACTICAL TREATISE ON MEDICAL DIAG-
NOSIS, for Btudents and Physicians. New (3d) edition. In one octave volume of
1082 pages, with 253 engravings and 48 full-page colored plates. Just Ready. Cloth,
$6.00, net ; leather, $7.00, net.

NATIONAL DISPENSATORY. See Siillé, Maisch & Caspari, page 14,

NATIONAL FORMULARY. See Nafional Dispensatory, page 14.
NATIONAL MEDICAL DICTIONARY. See Billings, page 3,

NETTLESHIP (E.). DISEASES OF THE EYE. New (6th) American from sixth
English edition. Thoroughly revised. In one 12mo. volume of 562 pages, with 192
engravings, 5 colored plates, test-types, formule and color-blindness test. Just Ready,
Cloth, $2.25, net.

NICHOLS (JOHN E.) AND VALE (F. P.). A4 POCKET TEXT-BOOK OF
HISTOLOGY AND PATHOLOGY. 12Zmo. of 459 pages, with 213 illustrations.
Just ready. Cloth, $1.75, nef ; flexible red leather, $2.25, net.

H‘DRRIE&WH. F.) AND OLIVER (CHAS. A.). TEXT-BOOK OF OPHTHAL-
MOLOGY. In one octavoe volume of 641 pages, with 357 engravings and 5 colored
plates. Cloth, $5; leather, $6.

OWEN (EDMUND). SURGICAL DISEASES OF CHILDREN. In one 12mo.
volume of 525 pages, with 85 engravings and 4 colored plates. Cloth, $2. See Series of
Clinical Mﬂnuaﬂ, page 13.

PARK (WILLIAM H.). BACTERIOLOGY IN MEDICINE AND SURGERY.
12mo. 688 pages, with 87 engravings in black and colors and 2 colored plates. Just
Ready. Cloth, $3.00, net.

PARK (ROSWELL), Editor. A TREATISE ON SURGERY, by American Authors.
For Students and Practitioners of Surgery and Medicine. New condensed edition.
In one large octavo volume of 1261 pages, with 625 engravings and 38 plates. Just
Ready. Cloth, net, $6.00; leather, net, $7.00. #&@5This work is published also in a
large edition, comprising two octavo volumes. Vol. L., General Surgery, T99 pages, with
366 engravings and 21 full-page plates in colors and monochrome. Vol. II., Special
Surgery, 796 with 451 engravings and 17 full-page plates in colors and mono-
chrome. Price per volume, cloth, $4.50; leather, $-E'-.-'f-ll.), net.

PARVIN (THEOPHILUS). THE SCIENCE AND ART OF OBSTETRICS.
Third edition. In one handsome octavo volume of 677 pages, with 267 engravings and
2 colored plates. Cloth, $4.25; leather, $5.25.
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PEPPER'S SYSTEM OF MEDICINE. See page 2.

PEPPER (A.J,). SURGICAL PATHOLOGY. Inone12mo volume of 511 pages,
with 81 engravings. Cloth, $2. See Students' Series of Manuals, page 14.

PICK (T. PICKERING). FRACTURES AND DISLOCATIONS. Inone 12mo.
volume of 530 pages, with 93 engravings. Cloth, $2. See Series of Clinical Manuals, p. 18.
PLAYFAIR }W 8.). A TREATISE ON THE SCIENCE AND PRACTICE

OF MIDWIFERY., XNew (7th) American from the Ninth English edition. In one

octavo volume of 700 pages, with 207 engravings and 7 full page plates. Cloth, $3.75,
net ; leather, $4.75, net.

HYSTERJIA. Inone 12mo. volume of 97 pages. Cloth, $1.

OLITZER (ADAM). 4 TEXT-BOOK OF THE DISEASES OF THE EAR
AND ADJACENT ORGANS., Becond American from the third German edition.
In one octavo volume of 748 pages, with 530 original engravings.

POCKET FORMULARY. Seepage 1.

POCKET TEXT-BOOKS Cover the entire domain of medicine in sixteen volumes of
350 to 450 pages each, written by teachers in leading American medical colleges,
Issued under the ed::torlal aﬂ‘pen ision of BEr¥ B. GaLLAUDET, M.D., of the Gullegauf
Physicians and Su ew York. Thoronghly modern and amhﬂnta.uw. mnmu
and clear, amply illus l;mted with engravings and plateu handmmeiy rinted and
bound. The series is constituted as follows : Anatom ]prepm-mg‘! Ph &rmdy],
Chemistry and Physics (ready), Histology and Patholo
Therapeutics, Medical Pharmacy, Prescription Writin nm:l Med I{:I.] Laun {m&y],
Practice (ready), Diagnosis (shortly), Nervous and Lenta.l Dmeam (ready ), SBurgery

prajmnuy ), Genito-Urinary and Venereal Diseases Bkin Disecases
reparin Eye, Ear, Nose and Throat (shortly), Dhﬂtﬂtum Zit.‘rr » Uynecology
l_rmd' ﬁiaeaum of Children (ready ), Bacteriolo and Hrvgiene {aharﬂy " For farther
detai b see under respective authors in this catalogue. Special eircular free on appli-
cation.

POTTS (CHAS. S.). A POCKET TEXT-BOOK OF NERVOUS AND
MENTAL DISEASES. 12mo. of 455 pages, with 88 illlustrations. Just ready.
Cloth, £1.75, net ; flexible red leather, $2.25, net.

PROGRESSIVE MEDICINE. See page 1.

PURDY (CHARLES W.). BRIGHT’S DISEASE AND ALLIED AFFEC-
TION 'i"] ﬂf $TJ'IF KIDNEY. In one octavo volome of 288 pages, with 18 engrav-
ings. Cloth, $2

PYE-SMITH (PHILIP H.). DISEASES OF THE SKIN. In one 12mo. volume
of 407 pages, with 28 illustrations, 18 of which are colored. Cloth, $2.

QUIZ SERIES. See Students’ Quiz Series, page 14,

RALFE (CHARLES H.). CLINICAL CHEMISTRY. In one 12mo. volume of
314 pages, with 16 engravings. Cloth,$1.50. See Students’ Series of Manuals, page 14.

RAMSBOTHAM (FRANCIS H.). THE PRINCIPLES AND PRACTICE OF
OBSTETRIC MEDICINE AND SURGERY. Imperial octavo, of 640 pages,
with 64 plates and numerous engravings in the text. Leather, $7.

REMSEN (IRA). THE PRINCIPLES OF THEORETICAL CHEMISTRY.
New (5th) edition, thoroughly revised. In one 12mo. volume of 326 pages. Cloth, $2.

RICHARDSON (BENJAMIN WARD). PREVENTIVE MEDICINE. In one
octavo volume of 729 pages. Cloth, $4; leather, §5.

ROBERTS (JOHN B.). THE PRINCIPLES AND PRACTICE OF MODERN
SURGERY. New (2d) edition. In one octavo volume of 838 pages, with 474
engravings and 8 plates. Just Ready. Cloth, $4.25, net,; leather, §5.25, nef.

THE COMPEND OF ANATOMY. For usein the Dissecting Room and in
preparing for Examinations. In one 16mo. volume of 196 pages. Limp cloth, 75 cents,
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ROSS (JAMES). 4 HANDBOOK OF THE DISEASES OF THE NERVOUS
SYSTEM. In one handsome octavo volume of 726 pages, with 184 engravings. Cloth,
$4.50; leather, $5.50.

MI}E:DW.&ED Aj. THE ESSENTIALS OF HISTOLOGY, DESCRIP-
TIVE AND PRACTICAL. For the use of Students. New (5th) edition. In one
handsome octavo volume of 350 pages, with 325 illustrations. Cloth, §3, nef.

—— 4 COURSE OF PRACTICAL HISTOLOGY. BSecond edition. In one
12mo. volume of 307 pages, with 59 engravings. Cloth, $2.25,

(WM.}, 4 POCKET TEXT-BOOK OF MATERIA MEDICA,
THERAPEUTICS, PRESCRIPTION WRITING. MEDICAL LATIN AND
MEDICAL PHARMACY. 12mo. 352 pages. Just Ready. Cloth, 31.50, net;
flexible red leather, $2.00, net.

SCHMITZ AND ZUMPT'S CLASSICAL SERIES.
ADVANCED LATIN EXERCISES Cloth, 60 cents; half bound, 70 cents,
SCHMITZ'S ELEMENTARY LATIN EXERCISES. Cloth, 50 cents.
SALLUST. Cloth, 60 cents; half bound, 70 cents.
NEFPOS. Cloth, 60 cents; half bound, 70 cents,
VIRGIL. Cloth, 85 cents; half bound, $1.
CURTIUS. Cloth, 80 cents; half bound, 90 cents.

SCHOFIELD (ALFRED T.). ELEMENTARY PHYSIOLOGY FOR STU-
gﬁfﬁ.ﬁ' In one 12mo. volume of 380 pages, with 227 engravings and 2 colored plates,
y P

SCHREIBER (JOSEPH). A MANUAL OF TREATMENT BY MASSAGE
AND METHODICAL MUSCLE EXERCISE. Translated by Warrer MexpEL-
sox, M.I), of New York. In one handsome octavo volume of 274 pages, with 117 fine
engravings.

BENN (NICHOLAS). SURGICAL BACTERIOLOGY. Seeond edition. In one

octavo volume of 268 pages, with 13 plates, 10 of which are colored, and 9 engravings.
Cloth, $2. '

SERIES OF CLINICAL MANUALS. A Series of Authoritative Monographs on
Important Clinical Subjects, in 12mo. volumes of about 550 pages, well illustrated. The
following volumes are now ready: YEo on Food in Health and Disease, new (2d)
edition, $2.50; CARTER and Frost's Ophthalmic Surgery, $2.25; MagrsH on Diseases
of the Joints, $2;: OWEX on Surgical Diseases of Children, $2; Pick on Fractures and
Dislocations, $2.

For separate notices, see under varions authors’ names.

SERIES OF POCKET TEXT-BOOKS. See page 12
SERIES OF STUDENTS' MANUALS. See next page.

SIMON (CHARLES E.\. CLINICAL DIAGNOSIS, BY MICROSCOPICAL
AND OHEMICAL METHODS., New (3d) and revised edition. In one handsome
octavo volume of 563 pages, with 138 engravings and 18 full-page plates in colors.
Just Ready. Cloth, $3.50, net.

S8IMON (W.). MANUAL OF CHEMISTRY. A Guide to Lectures and Laboratory
Work for Befiuners in Chemistry. A Text-hook specially adapted for Students of Phar-
macy and Medicine. New [ﬁtﬂ‘] edition. In one 8vo. volume of 536 pages, with 46
engravings and 8 plates showing colors of 64 tests. Cloth, 33.00, net.

SLADE (D.D.). DIPHTHERIA; ITS NATURE AND TREATMENT. Second
edition. In one roval 12mo. volume, 158 pages. Cloth, $1.25.

SMITH (EDWARD). CONSUMPTION; ITS EARLY AND REMEDIABLE
STAGES. In one Svo. volume of 253 pages. Cloth, $2.25,

(J. LEWIS)., 4 TREEATISE ON THE DISEASES OF INFANCY
AND CHILDHOOD. Eighth edition, thoroughly revised and rewritten and greatly
enlarged. In one large 8vo. volume of 983 pages, with 273 illustrations and 4 full-
page plates. Cloth, §4.50; leather, $5.50.
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SMITH (STEPHEN). OPERATIVE SURGERY. Second and thoroughly revised
edition. In one cetavo vol. of 892 pages, with 1005 engravings. Cloth, $4; leather, $5

SOLLY (8. EDWIN). A HANDBOOK OF MEDICAL CLIMATOLOGY.

In one handsome octavo volume of 462 pages, with engravings and 11 full-page
5 of which are in colors. Cloth, §4.00.

STILLE (ALFRED). CHOLFERA; ITS ORIGIN, HISTORY, CAUSATION,
SYMPTOMS, LESIONS, PREVENTION AND TREATMENT. In one 12mo,
volume of 163 pages, with a chart showing routes of previous epidemics. Cloth, $1.25.

THERAPEUTICS AND MATERIA MEDICA. Fourth and revised edition.
In two octavo volumes, containing 1936 pages. Cloth, $10; leather, $12.

STILLE (ALFRED), MAISCH (JOHN M.) AND CASPARI (CHAS. JR.).
THE NATIONAL DISPENSATORY : Containing the Natural History, istry,
Pharmacy, Actions and Uses of Medicines, including those recognized in the latest Phar-
macopeeias of the United States, Great Britian and Germany, with numerous references
to the French Codex. Fifth eéit.i-:m, revised and enlarged in accordance with and em-
bracing the new U, 8. Plarmacopeia, Seventh Decennial Revision. With ment
containing the new edition of the National F . In one m
octavo volume of 2025 pages, with 320 engravings Cloth, $7.25; leather, $8. ith
ready reference Thumb-letter Index. Cloth, $7.75; leather, $58.50.

STIMSON (LEWIS A.). A4 MANUAL OF OPERATIVE SURGERY. New
(4th) ‘?rditi:néh dI“ one royal 12mo. volume of 581 pages, with 293 engravings. Cloth, $3.00,
fel. el Feeday.

A TREATISE ON FRACTURES AND DISLOCATIONS. In one hand-
:%%mel l:rcfi.a.vu g?lumn of 831 pages, with 326 engravings and 20 full-page plates. Cloth,
. leather, $6, nef.

STUDENTS' QUIZ SERIES. A New Series of Manuals in question and answer for
Students and Practitioners, covering the essentials of medical science. Thirteen volumes,
pocket size, convenient, authoritative, well illustrated, handsomely bound in limp cloth,
and issued at a low price. 1. Anatomy (double number); 2. Ph}rﬂin-lﬁgy ; 3. Chemistry
and Physics; 4. H.iatuloi{, Pathology and Bacteriology ; 5. Materia Medica and Thera-

utics; 6. Practice of Medicine; 7. Surgery (double number); 8. Genito-Urinary and
QfE!'IETEIll Diseases; 0. Diseases of the Skin; 10. Diseases of the Eye, Ear, Throat and
Nose; 11, Obstetrics; 12, Gynecology; 13. Diseases of Children. Price, $1 each,
Nos. 1 and 7, Anatomy and Surgery, which being double numbers are priced at $1.75 :
Full specimen circular on application to publishers,

STUDENTS' SERIES OF MANUALS. A Series of Fifteen Manuals by Eminent
Teachers or Examiners. The volumes are pocket-size 12mos. of from 800-540 pages, pro-
fusely illustrated, and bound in red limp cloth. The following volames may now be
announced : HErMA®'s First Lines in Midwifery, $1.25; LurF's Manual of Chemistry,
$2; Bruce's Materia Medica and Therapeutics (sixth edition), $1.50, net ; GovLD's Sur-

ical Diagnosis, $2; KLeix's Elements of Histology (5th edition), 52, net; PEPPER'S
urgical Pathology, $2; TrEvES' Surgical Applied Anatomy, $2; RArLrFe's Clinical
Chemistry, $1.50; and Crarge and Locewoon's Dissector’'s Manual, §1.50.
For separate notices, see under various authors’ names.

STURGES (OCTAVIUS). AN INTRODUCTION TO THE STUDY OF CLIN-
ICAL MEDICINE. In one 12mo. volume. Cloth, $1.25.

SUTTON (JOHN BLAND). SURGICAL DISEASES OF THE OVARIES
AND FALLOFPIAN TUBES. Including Abdominal ancy. In one 12Zmo. vol-
ume of 513 pages, with 119 engravings and 5 colored plates, oth, §3.

TAIT (LAWSON'. DISEASES OF WOMEN AND ABDOMINAL SURGER
Vol. 1. contains 554 pages, 62 engravings, and 3 plates. Cloth, $5. .

TANNER (THOMAS HAWEKES). ON THE SIGNS AND DISEASES OF
PREEGNANCY. From the second English edition. In one octavo volume of 490 pages,
with 4 colored plates and 16 engravings. Cloth, $4.25.
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TAYLOR (ALFRED 8.). MEDICAL JURISPRUDENCE. New American
from the twelfth English edition, alpmia.lly revised by CLARE BeLLn, Esq., of the N. Y.

. In ome octavo volume of 831 pages, with 54 engravings and 8 full-page plates.
Cloth, §4.50; leather, $5.50.

ON POISONS IN RELATION T0O MEDICINE AND MEDICAL
JURISPRUDENCE. Third American from the third London edition. In one 8vo,
volume of 788 pages, with 104 illustrations. Cloth, £5.50; leather, 36.50.

TAYLOR (ROBERT W.. THE PATHOLOGY AND TREATMENT OF
VENEREAL DISEASES. New (2d) edition. In one very handsome octavo volume
of about 800 pages, with about 230 engravings and many colored plates. Shortly.

A PRACTICAL TREATISE ON SEXUAL DISORDERS IN THE MALE
AND FEMALE., New (2d) edition. In one octavo volume of 434 pages, with 01
engravings and 13 plates. Just Ready. Cloth, $3.00, net.

A CLINICAL ATLAS OF VENEREAL AND SKIN DISEASES.
Including Diagnosis, Prognosis and Treatment. In eight large folio parts, measuring
14 x 18 inches, and comprising 213 beautiful figures on 58 full-page chromo-lithographic
plates, 85 fine engravi and 425 pages of text. Complete work now ready. Price per
Ea.rt, sewed in heavy em paper, $2.50. Bound in one volume, half Russia, $27 ;

alf Turkey Morocco, $28. For sale by subseription only. Address the publishers. Spec-
imen plates by mail on receipt of 10 cents.

TAYLOR (SEYMOUR). INDEX OF MEDICINE. A Manual for the use of Senior
Students and others. In one large 12mo. volume of 802 pages, Cloth, $3.75.

THOMAS (T. GAILLARD) AND MUNDE (FPAUL P.f. A PRACTICAL
TREATISE ON THE DISEASES OF WOMEN. Sixth edition, thoroughl
revised by Pavr F. Muxpg, M.D. In one handsome octavo volume of 824 pages, with
347 engravings. Cloth, $5; leather, $6.

THOMPSON (W. GILMAN). 4 TEXT-ROOK OF PRACTICAL MEDICINE.
For Students and Practitioners. In one handsome octave volume of 1012 pages, with
79 illostrations. Just Ready. Cloth, $5.00, net ; leather, $6.00, net.

THOMPSON (8IR HENRY). CLINICAL LECTURES ON DISEASES OF
THE URINARY ORGANS. BSeeond and revised edition. In one octavo volume of
203 pages, with 25 engravings. Cloth, $2.25.

THE PATHOLOGY AND TREATMENT OF STRICTURE OF THE
URETHRA AND URINARY FISTULE. From the third English edition. In
one octavo volume of 359 pages, with 47 engravings and 3 lithographic plates. Cloth,
$3.50.

THOMSON (JOHN). A GUIDE T0 THE CLINICAL EXAMINATION AND
TREATMENT OF SICK CHILDREN. In one crown octavo volume of 350 pages
with 52 illustrations. Cloth, $1.75, net.

TIRARD %I;.EETDE]. MEDICAL TREATMENT OF DISEASES AND SYMP-
TOMS. ndsome oectavo volume of 627 pages. Just Ready. Cloth, $4.00, net.

TODD (ROBERT BENTLEY). CLINICAL LECTURES ON (ERTAIN
ACUTE DISEASES. In one 8vo. volume of 320 pages. Cloth, $2.50.

TREVES (FREDERICK). OPERATIVE SURGERY. Intwo 8vo. volumes con-
taining 1550 pages, with 422 illustrations. Cloth, §9; leather, $11.

— A SYSTEM OF SURGERY. In Contributions by Twenty-five English Sur-
ns. In two large octavo volumes, containing 2298 pages, with 950 engravings and
full-page plates. Per volume, cloth, §5.

—— SURGICAL APPLIED ANATOMY. In one 12mo. volume of 583 pages,
with 61 engravings. Cloth, 2. BSee Students’ Series of Manuals, page 14.

TUTTLE (GEO. M.). A POCKET TEXT-BOOK OF DISEASES OF
CHILDEREN. 12mo. 374 pages, with 5 plates. Just Ready. Cloth, $1.50, nef;
flexible red leather, $2.00, net.
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