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PREFACE:

The need of a text-book of histology arranged upon an embryological
basis has long been felt. At the Harvard Medical School this need has
been urgent. There Professor Schaper, the editor of the five previous
American editions of Stihr's Histelogy, planned such a book, and after his
return to Germany its preparation was begun. It is greatly to be regretted
that at the time of his death the work was only commenced, for there was
promise of a notable production.

When the writer was informed that Professor Stohr had given gener-
ous permission to adapt a new edition of his Histology to American needs
it was decided to rearrange the book upon an embryological plan. This
has been accomplished with the loss of some characteristic features of the
German edition, for which the added material will, it is hoped, make com-
pensation. Thus in order to have space for describing the controlling de-
velopmental features of the organs, and for presenting their adult structure
somewhat more fully, the directions for preparing sections have been
reduced to the minimum. These may be supplemented by directions in
the class room; and for the small proportion of students who intend to
practice elaborate microscopical methods, a special text-book may be rec-
ommended. It is not essential that a physician should be familiar with the
details of many staining processes, but the structure of the adult organs and
the developmental possibilities of their constituent tissues must be known.

The nomenclature adopted is that published by the committee of the
(German Association of Anatomists in 1895 (Arch. j. Anal. u. Phys.; Anat.
Abth.; Supplement-Band), and which is now widely used. It is founded
upon the sound principle that the name of a structure should be the simplest
possible descriptive Latin term or phrase. Since the Latin names may be
translated into the various modern languages the nomenclature is inter-
national. Moreover a large number of the names are commonly used in
their Latin forms. Personal names have been discarded (except Woljfian
and Miillerian), thus greatly assisting the student. It is obviously
easier to learn éndestinal glands, duodenal glands, parolid duci, etc., rather
than Lieberkiihn's glands, Brunner’s glands, Stenson’s duct, and the like.
It has been estimated that five thousand synonyms have been rejected and
are to be removed from the anatomist’s vocabulary as soon as possible.
In the following pages the more common of the rejected names have been
placed in square brackets, [ . However difficult it may be for the older
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vi PREFACE.

anatomists to conform to this nomenclature, it seems clearly a duty to the
overworked medical students to adopt it.

Excellent as the German nomenclature is, as a whole, it is not beyond
improvement, and it may be desirable for a committee of the Association
of American Anatomists to publish in their English forms a corresponding
list of names.* As few changes as possible should be made, but it is certain,
for example, that the ventral surface of the body will not be called anterior,
or the dorsal surface posterior. In the following pages anterior always
means toward the head. Common general terms should be made even
more specific. For instance, it is questionable whether jollicle (Latin, a
small leather bag, a husk or shell) should be applied to anything other than
closed cysts like the follicles of the ovary and thyreoid gland. Its ap-
plication by the Germans to the sheath of the hair and by many Amer-
icans to solid nodules of lymphoid tissue may lead the student to wonder if
“follicle” is not a colloquial rather than a scientific term,

The attention of all students should be called to the American Jowrnal
of Anatomy, the quarterly publication of the Association of American
Anatomists, which contains the results of current American anatomical
and histological investigations. It probably affords the most satisfactory
means by which a physician may keep in touch with these sciences.

The writer has many acknowledgments to make for help received.
Messrs. P. Blakiston’s Son & Co., and Mr. William T. Oliver, the artist
who has drawn the more elaborate of the new figures, have rendered all the
assistance possible. Members of several departments at the Harvard
Medical School have given valuable advice, and Dr. G. H. Wright, As-
sistant in Dental Histology, has arranged a considerable portion of the
section on the teeth. It is a privilege to present for the first time in a text-
book, the discoveries of Dr. James H. Wright regarding the origin of blood
plates. His remarkable conclusion that they are fragments of pseudopodia
of the giant cells seems established beyond doubt by an examination of
his specimens.

Finally it is a pleasure to record that after studying histology and em-
bryology under Professor Charles S. Minot, the writer has for several
years enjoyed the closest association with him in his scientific work. The
results of such unusual privilege should be found reflected in this edition
of Professor Stohr's Histology.

Freperic T. LEwis.
Cambridge, Massachusetts,

Seplember, 1006.

* The writer has since been informed that Messrs. Blakiston's Son & Co. have in press
such a list prepared by Professor Barker and entitled “Anatomical Terminology.,” The
m-d:r'li arrangement of these descriptive names makes the Latin list—and undoubtedly
their English version also—an excellent means by which students may review anatomy.
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PART 1.

MICROSCOPIC ANATOMY.

FEYTOLO6EY,
THE CELL.

Since 183¢ it has been known that all plants and animals are composed
of small structural elements called cells (Latin, cellula; Greek, xizor).
The lowest forms of animals and of plants are alike in being single cells
throughout life. The more complex organisms are groups of cells which
have been derived, by process of repeated division, from a single cell,
the fertilized ovum. Thus the human body, which begins as one cell,
becomes in the adult an aggregation of cells variously modified and adapted
to special functions. Since the liver is a mass of essentially similar cells,
the problems of its functional activity are the problems of the functions
of a single one of its cells. The diseases of the liver are the result of
changes occurring in these cells, which must be restored to a normal con-
dition to effect a cure. As this is equally true of other organs, it is evident
that cytology, the science of cells, is a basis for both physiology and
pathology.

A cell may be defined as a structural element of limited dimensions
which under certain conditions can perform the functions of assimilation,
growth, and reproduction. Because of these possibilities a cell may be
considered an elementary organism. It is described as a mass of proto-
plasm containing a nucleus. A third element, the centrosome, is found
in the cells of animals, but not in those of the higher plants. The centro-
some becomes prominent when a cell is about to divide. At other times,
in many kinds of cells, it has been found as a minute granule which may
be in the center of a very small clear spot in the protoplasm. Ordinarily
it cannot be seen unless cell division is about to occur. Some authorities
regard the centrosome as a temporary structure which forms shortly
before division begins and disappears after it is completed. Others
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PROTOPLASM. 3
considered both as inert bodies and as the essential living basis of proto-
plasm. The simplest description of protoplasmic structure is that it
consists of a fluid ground substance in which microsomes are embedded.

With high magnification it appears that the protoplasm contains a
network of filaments (called mitome, or the filar mass, from the Greek
piroy and Latin filum, both meaning “a thread,”—spongioplasm is
another synonym). This network is embedded in a more or less homo-
geneous and chemically different ground substance (paramitome, interfilar
mass, or hyaloplasm). Some of the filaments appear as rows of micro-
somes, but small particles may also be found in the ground substance
between the filaments. The conception of protoplasm as fibrillar or
reticular has been considered at variance with the “granular theory,”
yet undoubtedly both fibrils and granules occur in protoplasm.

According to a third interpretation protoplasm has the structure of
foam, or of an emulsion,—that is, it consists of minute droplets of one
substance completely surrounded by walls of a different substance. This
view, which has much in its favor, is not inconsistent with the presence
of granules or of fibrils scattered through the mass.

In addition to these general char-
acteristics the protoplasm of particular
cells may contain other structures of
varipus significance. These may be
grouped as follows:

1. Fibrils. Although an obscure
fibrillar network may be characteristic
of all cells, a high development and
orderly arrangement of fibrils occurs
only in certain specialized cells, as for

' example, in muscle, nerve, and connective tis-
sue cells. These fibrils are of very different
sorts and will be described more fully in the
section on General Histology.

2. Granules. These are not the micro-
somes found in all protoplasm, but are larger
bodies of definite staining reaction, which often
are important secretory products elaborated by
the cell. In many gland cells, and in the
““granular” white blood corpuscles, these
structures are conspicuous. Other granules
F‘“Eﬁﬁﬁfs“ﬁgiu;‘; (CRANULES  may be excretory or waste_prudu-::_m of the c:all,

: and some of these, which, without being
stained, are deeply colored, are called pigment granules.

Fic. 2=FIpRILS 1% A WERVE CELL,

Nissl's bodies.
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3. Vacuoles. Well defined, round spaces,
apparently empty, may occur in the protoplasm
due to the formation of droplets of fat or of watery
fluids. They vary greatly in size, and one or sev-
eral of these vacuoles may be found in a single cell.

4. Canals, of two sorts. (a) Secretory canals,
which occur in protoplasm of gland cells and
empty into the gland cavity or lumen; (b) fine
tubes which communicate with lymphatic spaces
outside of the cell. They are found in all cells of
higher physiological importance, but are lacking
in most of the supporting tissues and in stratified
epithelium. They presumably share in nourish-
ing the cell and have been called the *tropho-
spongium.”  This name, implying a network,
is due to the opinion, not established however,
that the little canals are occupied by cell pro-
cesses extending into the protoplasm from adjoin-
ing “capsule cells.” Other investigators consider
that the trophospongium canals are wholly within
the cell and constitute a form of vacuole.

5. Closed networks, which do not open at
the periphery of the cell. This “reticular appa-
ratus”’ has been found in nerve, cartilage and
many gland cells. Its significance is unknown.

6. Inclusions. These are foreign bodies
which have been ingested by the cell and are
found in the protoplasm. Inert crystalloid sub-
stances formed within the cell are also called
inclusions. The name “paranucleus™” has been
applied to various structures, such as a dead cell
ingested by a living one, a transformation of the
centrosome, or a mass of secretion. Some of the
paranuclei are still obscure.

NUCLEUS.
The nucleus (Latin, nuclens, ““the kernel of
a nut”; Greek, xtpuov, “a nut’) is a well defined,
refractive body of vesicular form situated within

the cell. It consists of a membrane enclosing a mass of ground substance,
or nuclear sap, in which there is a fibrillar network associated with some
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deeply staining bodies. The ground substance and network are closely
related to the corresponding structures in the protoplasm. In fact, at the
time of cell division, when the nuclear membrane disappears, the network
and ground substance of nucleus and protoplasm are respectively con-
tinuous with one another. The ground substance and a delicate, fibrillar
portion of the network do not stain readily; therefore they are called
achromatic substances. The fine achromatic fibrils of the network are
further designated as Jinin fibrils. Since the linin fibrils cannot be isolated
for chemical analysis, their composition is unknown. There are two
deeply staining or chromatic substances found in the nucleus. One
of these, chromatin, is its most essential and characteristic element. Chemi-
cally it is a nucleo-proteid, but undoubtedly it exists in several varieties.
A portion which responds to acid dyves is called oxychromatin, in distinc-
tion from the ordinary form which takes the basic stains. Chromatin is
distributed as irregular granules or coarse strands along the linin fibrils,
thus tending to form a network (Fig. 1, and Fig. 18, p. 16). Often a
nucleus presents from one to several large clumps of chromatin, known
as chromatin “knots.” These are to be distinguished from the round
masses of pyrenin, called nucleoli, which are found between the meshes
of the nuclear network. All nuclei contain chromatin, but many are
without nucleoli. The latter are present with great regularity in certain
kinds of cells. Usually only one is found in a nucleus, although several
may occur (Fig. 18). They differ from chromatin chemically, as is
evident from differences in staining, and also functionally, as is seen during
cell division. Pyrenin, of which the nucleolus is said to be composed, is,
however, a cytological rather than a chemical term.

The nuclear membrane is usually described as formed of amphipy-
renin, a term of questionable value. The membrane may consist of a dis-
tinct chemical substance as the name suggests, or it may be rather a conden-
sation of the nuclear reticulum, in which the linin fibrils terminate. A nuclear
membrane may be simulated by a thin superficial layer of chromatin.

Every cell contains a nucleus consisting, as has been shown, of nuclear
membrane, ground substance, a network of linin fibrils and of chromatin,
with perhaps a nucleolus. Non-nucleated bodies like the mammalian
red blood corpuscles, and the dead outer cells of the skin have lost their
nuclei in the course of development. Occasionally a single cell contains
two nuclei, as is frequent in the liver, or even several nuclei, as in certain

bone cells.
CENTROSOME.

The centrosome is a minute body consisting of a homogeneous or
sometimes reticular mass, the centroplasm, which contains a much smaller
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body, the centriole. Such centrosomes have been observed in the in-
vertebrate animals. The cells of vertebrates are not regarded as favorable
for investigations of the finer structure of centrosomes. In them generally
both centroplasm and centriole appear as a single small granule, the
centrosome. This granule is usually, but not always, surrounded by a
zone of protoplasm which is so modified as to form a darker or a lighter
area, the archoplasm (Fig. 1). (The archoplasm of certain spermatic cells
is called the idiozome.) The centrosome may be near the nucleus or
distant from it, frequently being found between the nucleus and the free
surface of the cell. Rarely, as in a few invertebrates and in cancer cells,
the centrosome has been found within the nucleus. In many gland cells
it lies where the secretion accumulates, the expulsion of which is accom-
plished by the contraction of the protoplasmic framework between the
masses of secretion. In the intestinal epithelial cells which send out
motile projections of protoplasm (pseudopodia), the centrosome lies just
beneath the place of origin of these projections. If one considers also the
relation of the centrosome in the spermatozoa as well as its role in cell
division, it seems almost certain that the centrosome is the active or passive
center of the motor functions. In connection with cell division, the
centrosome undergoes a cycle of changes of varying duration. That
stage which is continued longest is characterized by a doubling of the
centrosome, following the division of the centriole in two. The double
body thus formed is the diplosome. In many resting cells, or those not
actually in the process of division, a diplosome is found, and this is signifi-
cant as indicating the readiness of the cell for undergoing division without
delay.

CELL WALL.

A cell wall or cell membrane is an independent membranous layer
covering a cell and being clearly distinct from the underlying protoplasm.
It is not an essential constituent of a cell. Often it is lacking, and when
present it is either a modification or a secretion of the peripheral protoplasm.
If the membrane surrounds the cell on all sides it is called a pellicula;
if it is on only one side, covering the free surface, it is a cuticula. (The
former term is seldom used.) Cells may unite with one another by proto-
plasmic processes of varying length and width, thus forming cellular
networks; or they may completely fuse so that their nuclei appear irregu-
larly distributed through a single mass of protoplasm. Such a formation
is a syncytium [plasmodium]. This name is applied also to such structures
as the striated muscle fiber, due not to the fusion of cells but to the multi-
plication of nuclei in an undivided mass of protoplasm.
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Although cell membranes are usually lacking, or if present are often in-
conspicuous in animal cells, they are highly developed in plants. Thus cork
is 2 mass of dead cells from which nuclei and protoplasm have disappeared,
leaving only the cell walls. In describing cork, Robert Hooke introduced the
name ‘“cell,” in 1667. He wrote: “I took a good clear piece of Cork and with a
Pen-knife sharpened as keen as a razor, I cut a piece of it off and thereby left
the surface of it exceedingly smooth, then examining it very diligently with a
microscope, me thought I could perceive it to be a little porous. . . . These
pores or cells were not very deep but consisted of a great many little Boxes ¢
In this way one of the briefest and most important of scientific terms was intro-
duced.

FORM AND SIZE OF CELLS.

Cells are regarded as typically spherical in form. Spherical cells
are comparatively numerous in the embryo, and in the adult the resting
white blood corpuscles which float freely in the body fluids assume this
form. Such cells are circular in cross section. When spherical cells
are subjected to the pressure of similar neighboring cells they become
polyhedral and usually appear six-sided in cross section. Such cells, as
a whole, may be cuboidal, colummar, or flat. Certain cells become fusi-
form (spindle-shaped) or are further elongated so as to form fibers; others
send out radiating processes and are called stellate. Thus the form of
cells is extremely varied. The shape of the nucleus tends to correspond
with that of its cell. It is usually an elliptical body in elongated cells,
and spherical in round or cuboidal cells. In stellate cells it is either
spherical or somewhat elongated. Crescentic nuclei and others more
deeply and irregularly lobed are found in some of the white blood corpuscles
and in giant cells.

The size of cells ranges from that of the yolks of birds’ eggs—
which are single cells at least shortly before being laid—down to micro-
scopic structures four thousandths of a millimeter in diameter. The
thousandth of a millimeter is the unit employed in microscopic measure-
ments. It is called a micron, and its symbol is the Greek letter #. The
small cells referred to are therefore four microns, 4 ¢, in diameter. The
size of any structure in a section of human tissue may be roughly estimated
by comparing its dimensions with the diameter of a red blood corpuscle
found in the same section. These red corpuscles are quite uniformly
7.5 # in diameter.

VITAL PHENOMENA.

The vital properties of cells are more fully treated in text-books of
physiology. They include the phenomena of irritability, metabolism,
contractility, conductivity, and reproduction. TUnder irritability may
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be grouped the response of cells to stimuli of various sorts such as heat,
light, electricity, chemical reagents, the nervous impulse, or mechanical
interference. Metabolism, in a wide sense, includes the ingestion and as-
similation of food, the elaboration and secretion of desirable products,
together with the elimination of waste products. Contractility may
be manifest in the locomotion of the entire cell, in the vibratile action of
slender, hair-like processes, the ¢ilia, or in contraction of the cell body.
Conductivity is the power of conveyving impulses from one part of the cell
to another. Reproduction is seen in the process of cell division. Many
phases of these activities are observed in microscopic sections and as such
they will be referred to in later chapters. A few which are of general
occurrence will be deseribed presently.

AMOEBOID MOTION.

The unicellular animal, Amoeba, exhibits a type of motility known
as amoeboid, which has been observed in many sorts of cells in the verte-
brate body. In marked cases, as

g Yy 1 2 g1, in certain white blood corpuscles
‘f? C‘ﬁ ':ﬁ ‘?‘-& .ﬁ‘ (the leucocytes), the cell protoplasm
& Ji - ; sends out fine or coarse processes

which divide or fuse with one an-
ﬁ 'nr_:ﬁ ﬁ %‘ ‘ﬁ other, causing the cell to assume a
great variety of forms. The pro-
B ok Wi e cesses may be retracted, or they may
cha::,::ﬁ .':'L[‘F.I'}Q..:.’::ﬁ":‘:f?itﬁ["ﬂm r"'n:lu'f,‘:""li“.. become mlacl.]ed somewhere and
half minute laver, etc. - draw the remainder of the cell body
after them, the result of which is
locomotion or the so-called wandering of the cell. Such wandering cells
play an important part in the economy of the animal body. Their proc-
‘esses can flow around granules or cells and thus enclose them in proto-
plasm. Some of these ingested bodies may be assimilated by the cell as
a result of complex chemical and osmotic reactions. Cells which feed on
foreign particles and can alter or digest them are known as phagocyles.
Amoeboid movements take place very slowly. “In preparations from warm-
blooded animals they may be accelerated by gently heating the object.
Another form of motion, which, however, does not occur in living
cells, consists in an oscillation of minute granules within the cell. This
may be due to diffusion currents or to the Brownian phenomena. It
may often be seen in salivary corpuscles.

Minules,
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FORMATION AND REPRODUCTION OF CELLS.

In the past, two sorts of cell formation have been recognized, namely
the spontaneous generation of cells, and the origin of cells through the
division of pre-existing cells. According to the theory of spontaneous
generation it was once thought that animals as highly organized as intes-
tinal worms came into existence from the fermentation of the intestinal
contents. After this had been disproved it was still thought that cells
might be formed directly from a suitable fluid, the cytoblastema. Some-
thing of the sort may have occurred when life began, and it is the expecta-
tion of certain investigators that conditions may yet be produced which
shall lead to the formation of organic bodies capable of growth and repro-
duction. At present, however, only one source of cells is recognized,—
the division of existing cells. “Omnis cellula e cellula.” A nucleus
likewise can arise only by the division of an existing nucleus. There
is no satisfactory evidence that a nucleus mav be formed from non-
nucleated protoplasm. In cell division the nucleus divides first and then the
protoplasm, generally into two nearly equal parts. During the process
a special grouping and transformation of the nuclear substance occurs
in accordance with fixed laws. The ordinary mode of cell division is
called mifosis or indirect division [karyvokinesis] and the characteristic
groups of nuclear material are commonly known as mifotic figures. Mitosis
is arbitrarily but conveniently divided into three successive phases, the
prophase, melaphase, and anaphase, in which respectively the nuclear
material prepares for division, divides, and returns to its usual condition.
(The final stages of reconstruction are often grouped as a fourth phase, the
telophase.) In the details of mitosis there are considerable variations,
not only in different animals but also in different kinds of cells in a single
species. The account of the process which follows will apply only in a
general way to a particular case of cell division which the student may
be examining.

MITOSIS.

Prophase. The centrosome and nucleus approach one another until
the centrosome is close to the nuclear membrane where it lies surrounded
by the clear zone of archoplasm. The archoplasm contributes to the
formation of radiating fibrils which extend from the centrosome in all
directions, and are known collectively as the centrosphere [astrosphere].
The two parts of the centrosome which had formed in the “resting stage”
by the division of one, are in the midst of the centrosphere. They move
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apart, the diplosome thus separating into two centrosomes, and the centro-
sphere becoming divided into two spheres, each of which contains a centro-
some, Fig. o.

The nucleus meanwhile enlarges and its chromatin stains much more
deeply. The branching portions of the chromatin network are withdrawn,
so that instead of a net, the entire chromatic material forms one convoluted
thread, a monospireme, as this mitotic figure is called. The thread is at
first more closely coiled than it is later. It divides transversely into a
definite number of segments, called chromosomes. These bodies may be
spherical or rod-like, but generally they are U- or V-shaped. The apices
of all the V’s may at first point toward the centrosome with their free ends
directed away from it as shown in the diagram, Fig. g. Instead of being
arranged in the orderly manner of the diagram, however, the chromosomes

Central apindle,

Chromosomes, Centrosome.
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are so massed that they can scarcely be counted. This is shown in Fig. 15,
representing mitoses in the salamander. In man they are even harder to
count and have been estimated both as sixteen and twenty-four. This
is of importance, since in any one species the number of chromosomes
is believed to be constant for all the cells except the sexual cells. Certain
worms in which the chromosomes are only two or four in number and hence
can be followed with certainty, have furnished the strongest evidence
for this. Except in the sexual cells, the number of chromosomes is always
even. Since it has been found that the same number of chromosomes
which entered into the formation of the chromatin network of the resting
nucleus, will emerge from that net preceding mitosis, the suggestion is
made that the chromosomes retain their individuality in the quiescent
nucleus. They are regarded as disguised by numerous branches. In
the prophase of mitosis the chromatin in many cases does not form a
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continuous thread but passes from the network condition directly into that
of a group of chromosomes. Such a group is, however, properly called
a monospireme.

The centrosomes, in moving apart from one another, travel along
the nuclear membrane to points go® from their original position. Thus
if before division the centrosome was on one side of the nucleus, now the
two centrosomes into which it has divided will be found one at either end
of the nucleus. Fine fibrils extend between them as they separate, con-
stituting the ceniral spindle. Outside of these, there are other fibrils
passing from the chromosomes to the centrosomes (Fig. 10). These
fibrils, which are sometimes derived from those of the centrosphere and
sometimes from the linin framework of the nucleus, are known as mantle
fibrils. Toward the end of the prophase the nuclear membrane disappears,
together with the nucleoli.

Metaphase. The V-shaped chromosomes become arranged about

Polar radiation, Nuclear spindle.
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the equator of the spindle in such a way that their apices point toward the
axis of the spindle and their free ends radiate from it in all directions, Fig.
11. At either apex of the spindle is the centrosome surrounded by the
centrosphere, the radiating fibrils of which are now called polar radiations.
If the cell at this stage is viewed from one of its ends or poles, the chromo-
somes together constitute a single star and this mitotic figure is accordingly
called the monaster. Fig. 15 shows the monaster both in side and polar
views.

In the prophase, before the chromosomes have formed, the convoluted
thread of chromatin is sometimes seen to be split longitudinally into
halves. During the prophase, therefore, each V-shaped chromosome
may consist of parallel portions which remain together until the monaster
is complete. Then, beginning at the apex of the V, the halves of each
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chromosome are drawn apart as if by means of the outer spindle, or mantle
fibrils. In an unusual but important form of mitosis, known as hefero-
typical mitosis, the partially divided chromosomes remain for some time
united by their ends, in the form of rings. How such ring-shaped chromo-
somes may occur is shown in Fig. 12. Ordinarily the V’s are completely
divided, and the separate halves travel, apex forward, toward their re-
spective poles. Two stellate groups are now observed and this stage is
called the dyaster (Fig. 13). Stretching between these groups are the
central fibrils of the spindle, not shown in the drawing. A development
of granules in these fibrils along the equatorial plane may take part in
forming a new transverse cell wall.

The metaphase is the stage of division of the chromosomes, and by
some writers it is considered very brief, the monaster being counted the last
of the prophase, and the dyaster being included in the anaphase.

FiG. 13.—LATE METAPHASE ; Fi1G. 14.—ANaPHASE : Di-
IWASTER. SPIREME.

Anaphase. The chromosomes of either portion of the dyaster are the
same in number as those of the nucleus from which they came. Each
group represents half of the chromatic material. These new chromosomes
unite with one another, each group forming a spireme. The mitotic
figure thus produced is the dispireme (Fig. 14). The centrosphere loses
its radiations, becoming reduced to a zone of archoplasm, and the centro-
some often divides to form a diplosome. A nuclear membrane forms,
beginning at a point opposite the centrosomes. The nucleoli reappear
as the chromatin thread returns to a network by sending out branches.
Thus two resting nuclei have formed. Meanwhile the protoplasm along
the equator constricts, and here, sometimes aided by the granules of the
central spindle, the new cell wall developsto complete the process of mitosis.

Summary. The stages described have been successively the reticular
quiescent stage, the monospireme, monaster, dyaster, dispireme, and the
return to the reticular condition. These terms refer to the arrangement
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of the chromatic material. The achromatic structures were successively
the centrosome surrounded by archoplasm; the diplosome in a centro-
sphere; two centrosomes connected by a spindle and each surrounded by
polar radiations; the division of this am phiaster, as it is called, into two cen-
trospheres each with its centrosome; and, finally, the reduction of the cen-
trosphere to archoplasm. FEach new cell ordinarily receives half of the
protoplasm, spindle, centrosome and chromatic material of its parent,
and becomes a cell of the same sort.

The process of mitosis requires probably about half an hour, but
the time is variable and it may last several hours. In the blood cells of
amphibia it is said to take two hours and a half. Mitoses will be found
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Fic. 15.—Mitotic FIGURES FrOM THE EPITHELIUM OF THE OrAL CaviTy oF TRITON
ALPESTRIS, » 5H0.

in all well preserved, rapidly developing tissues. They are abundant
in embryos; and if numerous in tumors they furnish evidence of rapid
growth and malignancy. After death, if the tissues are not hardened by
cold or reagents, it is thought that mitoses may go on to completion, as
they are absent from specimens which are not properly preserved.

Varieties of milosis. In connection with the formation of sexual
cells (the ova and spermatozoa) there occur two successive mitotic divisions
of a unique sort. A cell which had itself been formed by ordinary mitosis,
in preparing for division converts its chromatic material into one half of
the usual number of chromosomes. It divides into two cells, each with the
reduced number, and these divide once more in the same way. Thus
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four cells, each having one half the usual number of chromosomes, arise
from the one which first presented this peculiarity. With some modifi-
cations but without further division they may become the mature sexual
cells. The process of their formation is called maturation, and the two
peculiar and final mitoses through which every mature sex cell has passed
are called reduction divisions. In the process of ferlilization two mature
sexual cells, a spermatozoon and ovum respectively, fuse, and the normal
number of chromosomes is restored. Thus each parent contributes an
equal number of chromosomes to the fertilized ovum and these have been
considered bearers of hereditary qualities. The reduction divisions will
be further considered under Testis and Ovary.

An unusual form of mitosis is that in which the centrosome divides
into more than two parts and the cell correspondingly divides at once into
several. These pluri- or multi-polar mitoses are said to occur normally
in parts of certain higher plants; they have been induced by injecting

Fic, 16.—MitosEs 1% Huamax Caxcer CrLrs, (From Wilson, aiter Galeotti.)
a, Asymmetrical mitosis with unequal distribution of chromating b, tripolar mitosis; ¢, quadripolar mitosis.

drugs into the skin of salamanders; and are sometimes found in human
cancer cells and in the rapidly growing connective tissue of scars. They
may lead to an unequal distribution of the chromatic material in the cells
which they produce.

For further information regarding mitosis, and for definition of the
many terms frequently employed but not mentioned in this account, the
student is referred to Prof. E. B. Wilson's book entitled *The Cell.”

AMITOSIS.

Amitosis or direct cell division takes place without spindle formation
or the rearrangement of nuclear material. The nucleolus, nucleus, and
cell body successively divide by fission, or by elongation and constriction,
into two parts. The role of the centrosome has not been determined.
This form of divison is rare and its significance unknown. The suggestion
that it is more primitive than mitosis lacks support. Generally it is
regarded as a sign of cell degeneration, since it occurs in old cells—leuco-
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cytes and the superficial cells of the bladder—the cell bodies of which often
fail to divide following the division of their nuclei. Thus cells with two
or more nuclei may be produced by amitosis. It occurs in wounded
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FIG. 17.—AMITOS1S 1IN EPITHELIAL CELLS FROM THE BLADDER oF A Mousg. X s6o.

tissues where it has been interpreted both as a result of injury and as
evidence of activity toward repair. In the egg tubes of certain insects
amitosis is a common and normal process.

CYTOMORPHOSIS.

Cytomorphosis is a comprehensive term for the structural modifications
which cells or successive generations of cells may undergo from their
origin to their final destruction. It implies that the life of a cell is limited,
and that during its life it may change in structure by becoming differentiated,
or adapted to the performance of special functions, and that finally it will
pass through regressive changes to its death. Successive generations of
cells may represent stages along a certain line of differentiation. The
cells resulting from mitotic division begin their specialization where the
parent cell left off, and the phenomena of regression are then reserved
for the final generations in the series. Four successive stages of cytomor-
phosis have been recognized: First, the undifferentiated stage; second,
that of progressive difierentiation; third, the stage of regression; fourth,
the removal of dead material. These may be considered in turn.

Undifferentiated cells, as can be seen in sections of young embryos,
are characterized by large nuclei and relatively little protoplasm. They
have great power for undergoing division. The subsequent increase
of cytoplasm which makes functional differentiation possible, retards the
rate of mitosis. In the adult, relatively undifferentiated cells are found
in many situations, as, for example, in the deep layer of the epidermis.
These cells are a source of supply to replace the outer cells as they differ-
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entiate, die, and are cast off. Since they can produce only epidermal cells,
they are themselves partly differentiated. The fertilized ovum which can
produce all kinds of cells must be regarded, in spite of its size and great
mass of yolk-laden cytoplasm, as the least differentiated.

The progressive specialization of cells concerns chiefly their proto-
plasm, yet in the case of the muscle fibers of the salamander it is accom-
panied also by marked nuclear changes. Typical muscle nuclei from
Necturus embryos 5 mm. and 26 mm. long, respectively, are shown in Fig,
18. The significance of the differences between them is not known, as
they have been but recently de-
tected. The cytoplasm of muscle
cells differentiates its contractile
function beyond all others, and
becomes filled with contractile
fibrils. Many kinds of cells are
specially modified for producing
secretions which may either be
discharged, as from gland cells,
or in a somewhat solid state
may remain in contact with the
cell, thus forming certain of the
infercellular  substances.  Small
amounts of structureless intercel-
lular substance, such as is some-
times found between epithelial
cells, are called cement substance,
even though it may be fluid.
Between connective tissue cells
i et e e infercellular substangggRg

mer. ) formed in such quantity that they

At Tt o o B e o once: 1o far exceed the bulk of the cells
fibril ; m., nucleolus ; n, m., nuclear membrane, 3

which produced them. These

ground substances may be homogeneous, or permeated with fibrils and

granules, formed either by the exoplasm or by the transformation of

the intercellular substance. The remnant of ground substance between
the fibrils is another so-called cement substance. In cartilage and bone,

the cells appear scattered through the ground substance which by their

differentiation they have produced.
Regression or degeneration is the manifestation of approaching death.
Normally it is not seen in nerve cells and probably not in the voluntary

muscle cells. Subtle and unrecognized changes may occur in them in
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old age, but they remain active throughout life; if destroyed, they can
never be replaced. In many glands, in the blood and in the skin, however,
the cells are constantly dying and new ones are being differentiated. In
a few organs the cells perish, but no new ones form, so that the organ to
which they belong atrophies. Thus the mesonephros (Wolffian body)
largely disappears during fetal life; the thymus becomes vestigial in the
adult; and the ovary in later years loses its chief function through the
degeneration of its cells.

The optical effects of regression cannot at present be properly classi-
fied. In a characteristic form, known as *“cloudy swelling,” the cell en-
larges, becoming pale and opaque. In another form the cell shrinks and
stains deeply, becoming either irregularly granular or homogeneous and
hyaline. The nucleus may disappear as if in solution (karyolysis, chromato-
lysis), or it may fragment and be scattered through the protoplasm (karyo-
thexis). If the process of degeneration is slow, the cell may divide by
amitosis. It may be able to receive nutriment which it cannot assimilate,
and thus its protoplasm may be infiltrated with fat and appear vacuolated.
It may form abnormal intercellular substances, for example, amyloid, or
the existing intercellular substances may become changed to mucoid
masses or have lime salts deposited in them. In short, together with
optical changes in the cell substance there is often an impairment or
perversion of function.

The removal of dead cells is accomplished in several ways. Those
near the external or internal surfaces of the body are usually shed or des-
quamated, and such cells may be found in the saliva and urine. Those
which are within the body may be dissolved by chemical action or devoured
by phagocytes.

Every specimen of human tissue exhibits some phase of cytomorphosis.
In some sections a series of cells may be observed from those but slightly
differentiated, to the dead in process of removal. Because of the similarity
and possible identity of this normal, “ physiological” regression, with that
found in diseased tissues, such specimens should be studied with particular
care.



8 HISTOLOGY.

1. GENERAL HISTOLOGY.

HISTOGENESIS.

SEGMENTATION AND THE FormATION OF THE GERM LAYERS.

The body is composed of groups of similarly differentiated cells,
similar therefore in form and function. Such groups are known as fissues.
Histology (Greek, ‘méc, “a textile fabric””) is the science of tissues,
and histogenesis deals with their origin. There are as many tissues in the
body as there are “sorts of substance™; thus the liver consists essentially
of hepatic tissue, and the bones of osseous tissue.  All of these, however, are
modifications of a small number of fundamental tissues, the histogenesis
of which may now be considered.

It has already been noted that a new human individual begins existence
as a single cell, the fertilized ovum, formed by the fusion of two mature
sexual cells, the spermatozoon and ovum respectively. The fertilized
ovum then divides by mitosis into a pair of cells, Fig. 19, A; these again
divide making a group of four, Fig. 19, B; by repeated mitosis a mulberry-
like mass of cells results, called the morula, Fig. 19, C. Development to
this point is known as the segmentation of the ovum.

A section through the morula is shown in D. An outer layer of cells
surrounds the imner cell mass. Soon a cup-shaped cleft, crescentic in
vertical section, forms between the outer and inner cells as shown in E, and
this enlarges until the entire structure becomes a single-layered, thin-walled
vesicle, within and attached to one pole of which is the inner cell mass.
This mass gradually spreads beneath the outer layer until it forms a
complete lining for the vesicle, which becomes consequently two layered,
Fig. 19, G. The inner layer is called entoderm, and the outer layer,
ectoderm.* The entire embryonic structure at this stage is called a
blastodermic wvesicle.

On the upper surface of the vesicle the future ‘axis of the embryo is
indicated by a thickened streak called the primitive streak. In front of
this there is a groove in the ectoderm, also in the axial line of the future
body. It is named the medullary groove, and just beneath it is a rod

* The ectoderm is in part derived from the superficial cells of the inner cell mass, and
in part from the primary outer layer of the vesicle. The former portion is to cover the body
of ,the embryo, and the latter [named trophoblast] covers the fetal membranes. These
membranes are to be described in a later chapter. They are omiited in the diagrams
of Fig. g, .
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of entodermal cells called the nofochord. These may be =een in cross
section in Fig. 19, G and H. In G, on either side of the medullary groove

Fi1G. 1. —IMAGRANMS SHOWING THE DEVELOPMEST OF THE Gerym Lavers. (Ao F,aftervan Beneden’s
figures of the rabhit,)
A, Two-celled stage; B, four-celled stage; and €, morula stage of the segmenting ovum, all being surface

views. Dto | represent sections described in the text. The fener cedl mrass and enfoderm are heavily

shaded ; the onier Jayer and ecfoderm are light : and the mesederm is represented by dashes. Coe.,

coelom or body cavity. Int., intestinal cavity. Neph., nephrotome.  Seg., mesodermic segment.
and notochord a third layer of cells appears between the ectoderm and
entoderm, and it gradually encircles the vesicle as did the entoderm. It

is the mesoderm, which has an obscure origin near the primitive streak.
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As it spreads out around the vesicle it divides into two layers, one of which
is closely applied to the ectoderm (the sematic layer) and the other to the
entoderm (the splanchnic layer). Between them is the body cavityor coelom,
which in the adult is subdivided into the peritoneal, pleural, and pericardial
cavities. The ectoderm and the somatic mesoderm constitute the semato-
pleure, or body wall; the entoderm and splanchnic mesoderm form the
intestinal wall, or splanchnoplewre. The coelom has appeared in Fig. 1g,
H, and in I it has attained a full development. On the ventral side of the
intestine it crosses the median line. Dorsally the medullary groove,
which has now become the medullary tube by the fusion of its upper
margins, separates the coelom into right and left portions. Fig. 1g, I,
may be regarded as showing the fundamental relations to be observed in
the cross section of an adult, made through the abdominal cavity.
Reviewing the preceding paragraphs it is seen that the fertilized
ovum through segmentation forms a morula, and later a blastodermic
vesicle composed of three germ layers, the ectoderm or outer, the mesoderm
or middle, and the entoderm or inner. For studying the transformation
of these layers into the organs and tissues of the adult, chick embryos
are more available than those of mammals. The ‘structure of a chick
embryo of about thirty hours’ incubation may therefore be briefly reviewed.
Fig. 20, A, represents a dorsal view of such an embryo, various portions
of which have been removed, and Fig. 20, B, is a median sagittal section of
a similar embryo. On the dorsal side the ectoderm forms a continuous
layer covering the embryo, and it becomes a part of the skin,—the epi-
dermis and its appendages. In the figure (A) it has been cut away except
a portion folded in under the head and the part surrounding the rhomboidal
sinus, rh.s5. Besides the epidermis the ectoderm forms the medullary
groove, the edges of which unite to form the tube beginning near the
head. The union of these edges proceeds in both directions. The
anterior neuropore is the last portion to close anteriorly (there are two
small anterior openings in B}, and the rhomboidal sinus is the expanded
open part behind. Later these openings are closed over and the medul-
lary tube becomes detached from the epidermis. Its anterior part
enlarges to form the brain and the two optic vesicles (op. ©.), each of which
becomes the retina of an eye. Its posterior part forms the spinal cord.
The entoderm in dorsal view is the deepest layer, exposed by removing
the ectoderm and mesoderm. Under the head it forms a broad finger-
like pocket, the pharynx (ph.). Its relations are seen in the median section.
Later its anterior end fuses with an inpocketing of the adjacent ectoderm
to form the oral plate. When this plate becomes thin and ruptures, the
pharynx opens to the exterior at the mouth., Posteriorly the entoderm
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envelops the yolk mass which may be regarded as occupying a distended
intestine. The entoderm forms the lining of the pharynx and intestine,
together with their appendages which include the lungs, liver, pancreas,
and bladder. These develop later. The intestine acquires its anal
opening by the rupture of an anal plate, formed, like the oral plate, by the
meeting of entoderm and ectoderm. The entoderm also gives rise to the

A B
Fig. zo.—[Macrams BASED UroN RECONSTRUCTIONS OF A CHICK oF 30 Hougrs,
A, Dorsal view. B, Median sagittal section but with the entire heart, anf. .. Anterior neuropore:
a0.. aora; eck., ¢-:l.udurm;_gni,, entoderm ; HL, heart; med. gr.. med. tube, medullary Eroove andd
fube; mes. seq., mesodermic scgment; neh,, notochord; neph., nephrotome ; o0p. ¥., optic vesicle:

p. cav., pericardial cavity; ph., pharynx; pr. st., primitive sireak ; rh, 8., rhomboidal sinos; som.
mes., spl. mes., somatic and splanchoic mesoderm ; v, vo, vitelline vein.

notochord, a supporting rod of cells extending from the anterior end of
the primitive streak, along the axial line to the head (B, nch.). It is the
only skeletal element in someanimals. In fishes it is retained as a gelatinous
cord running through the bodies of the vertebrae which have formed about
it, and expanding in the intervertebral spaces. In man, if it remains at all
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it is vestigial in the adult. It sometimes develops abnormally, forming a
peculiar tumor.

The mesoderm has been described as forming splanchnic and somatic
layers which unite with one another toward the median line. Where the
layers come together they are greatly thickened, and the thickened portion,
by a series of transverse constrictions, becomes cut into block-like masses
called mesodermic segments (protovertebrae). They are paired structures
bordering upon the medullary tube and increasing in number by the forma-
tion of new segments, chiefly posteriorly. A portion of them is seen on
the right of Fig. 20, A; the rest have been removed. There is a longi-
tudinal depression separating the segments from the splanchnic and so-

FIG. 21.—TRANSVERSE SECTION OF A 2.5 MM, Husax EMmeryo. (After von Lenhossek.)
{Compare this section with the upper part of the diagram, Fig. 1o, 1)

Ap., acrta; ¢oe,, coelom : ect., ectoderm ; ént,, entoderm ; int., intestinal eavity ; med. t., medullary tube;

;l;li:;;.;;mﬁf:i::ﬂ*t::]p.h., nephrotome ; seg., mesodermic segment; som., somatic mesoderm; §pl.,
matic layers, and the part of mesoderm which crosses the depression is
called the intermediate cell mass, or nephrotome. The coelom at first
extends through the nephrotome into the segments, as shown in the cross
section, Fig. 19, I. Later the segments and nephrotome become separated
from the lateral layers and from each other, and lose their cavities. This
has occurred in the nephrotome of Fig. 21. From the cells of the segments
the voluntary, striated muscles are derived, and from the nephrotomes
come the lining layer of the genital and urinary ducts and kidneys. From
all parts of the mesoderm certain cells become detached, and then unite
with one another by branching protoplasmic processes. Thus they form
a network, in the meshes of which is a clear intercellular fluid. Such
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tissue is called mesenchyma (Fig. 22). It fills the intervals between the
layers already described and surrounds the notochord and medullary
tube. Mesenchymal cells, however, do not enter the coelom. In the
chick embryo of Fig. 20, A, the greatest accumulation of mesenchyma
would be found between the ectoderm covering the head and the medullary
tube. Both the cells and the intercellular substance of mesenchyma
undergo transformations; the latter may become a more or less solid
mairiz. Thus mesenchyma produces cartilage and bone, tendon, fascia,
and the loose connective
tissue through which the
vessels and nervesextend,
together with smooth
muscle fibers and fat.

In the splanchno-
pleure, between the meso-
dermal and entodermal
layers, a network of blood
vessels, lined with very
flat cells, appears early
in embryonic life (Fig.
23). Its first indication
is the formation of irregu-
lar dark patches of cells,
called blood islands,which
surround the embryo as
a mottled layer. The
islands consist of cells
which form the blood cor-
puscles, and perhaps also

ini Fic. 22.—SECTION FROM THE HEAD OF A RaEmiT EMERYD oF 108
thﬂ llﬂl]'lg l'_'lf thE blﬂﬂd DAYS, 4.4 M., TO SHOW MESENCHYMA.

i Epi. and M, T., Ectodermal epithelium of the epidermis and medul-
VE-‘SSE].S Wthh EHITIDH]IEI : lary tube, respectively. N, nucleus; P., protoplasm; and 1. 5.,
them. 5Sodistinct 1s this intercellular substance of a mesenchymal cell. Two of these

cells s.tmuanitntfic !ﬁggr:ia B. '\"..i Blood vessel, |im!ﬂi by _ﬂldﬁ;
: thelium. One of the blood vessels containg an embryonic re
vascular layer that it has sl

been called the angioblast,

and regarded as a separate germ layer. Usually it is considered to be de-
rived from the mesenchyma. After the angioblast has once beendeveloped
it sends prolongations into the embryo toform the blood vessels. The latter
thereafter never arise from mesenchymal spaces, but always as sprouts
from the pre-existing vessels, growing through mesenchyma like roots
through the soil. In single sections the lining of the vessels may appear
inseparable from the cells around them, as in Fig. 22, but by following
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the vessels from section to section they will be found to be branches.
The red blood corpuscles of the adult are thought to be descendants of
those which form the blood islands. = They multiply in places to which
they have been carried by the circulating blood, for example in the liver
in later embryonic life, and in the red bone marrow of the adult. The
white corpuscles may be derived from the same parent form asthe red,
or they may have several origins. The corpuscles pass out between the
cells of the vessel walls into the mesenchyma, where they wander about.
Whether some of them are formed by the transformation of mesenchymal
cells is still discussed. Their earliest origin like that of the vessel walls
is obscure.

The vascular system in the chick embryo (Fig. 20) consists of the
network in the splanchnopleure just over the volk, from which nutriment
is received by the blood. This is conveyed by the vitelline veins, one on

F1G. 25.—WALL OF THE YOLK SAC (INTESTIKE) FROM A CHICK OF THE SECOND DAy oF
IMcvpaTION. (MIinot. )

Mes., Splanchnic mesoderm ; Ent., entoderm, four distinet cells of which are shown at ¢; V. V., blood

vessels containing a few yvoung blood cells.
either side, to the heart, a single median vessel under the pharynx made
by the junction of the veins (Fig. zo, B). The heart divides into two
aortae which pass around the anterior end of the pharynx to its dorsal side
and then extend through the body posteriorly, lying under the segments.
Their branches pass off laterally to the vitelline network, thus completing
the circulation. All future vessels in the body are branches of this simple
system.

THE FuNDAMENTAL TISSUES.

It has been said that there are two fundamental tissues, epithelium
and mesenchyma. Epithelium is a layer of cells covering an external or
an internal surface of the body, having one side free and the other resting
on underlying tissue. The epidermis, and the linings of the intestinal
tract, of the blood vessels, of the peritoneal cavity and of the joint cavities

i“l;‘ E
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are all examples of epithelia. The epidermis is ectoderm; the lining of
the intestine is entoderm; that of the blood vessels, called endothelium, is
from the angioblast; the peritoneal epithelium (mesothelinm) is part of
the splanchnic and somatic layers of mesoderm; and the joint cavities are
lined by flattened mesenchymal cells, the cavity being, as it were, a large
intercellular space. Thus epithelia are derived from all the germ layers.

Mesenchyma is a non-epithelial portion of the mesoderm, which
has just been described as consisting of branched cells, the protoplasmic
processes of which form a continuous network. In its meshes is a clear
intercellular fluid. Mesenchyvma is essentially a tissue of the embryo.
In the adult it is represented by connective tissue, bone, and other deriva-
tives which preserve certain of the characteristics of mesenchyma.

Three other forms of tissue depart so far from the epithelial and
mesenchymal types that they are naturally placed by themselves. These
are muscle, nerve, and vascular tissue. Muscle fissue exists in three forms,
of which the smooth and cardiac varieties are derived from mesenchyvma,
and the striated (voluntary) muscles from the mesodermic segments. The
epithelial character of the latter is lost. Nerve tissue is ectodermal, con-
sisting of an epithelial tube which later becomes essentially non-epithelial,
and of detached masses of cells which send processes to all parts of the
body, forming the nerves. These are never epithelial. Vascular tissue
includes the blood and the lymph, which are of obscure origin, perhaps
mesenchymal; also the endothelium which lines the vessels, provided that
the blood and the endothelium have a common origin. It will be con-
venient to describe the entire blood vessels and lymphatic vessels in connec-
tion with their contents.

In the following pages the several tissues will be considered in the
order above outlined. In connection with them, certain organs may be
examined. An organ is a more or less independent portion of the body,
having its ewn blood, lymphatic and nerve supply, and connective tissue
framework, together with its characteristic essential cells. Thus an organ
should conmsist of several tissues. The pancreas or lungs are obviously
organs. An individual muscle or a particular bone has a connective
tissue framework or covering, blood vessels and nerves, besides its essential
substance. Thus it is an organ. Even a blood vessel of ordinary size
comes within the definition. The organs which are of wide occurrence
like the bones, muscles, tendons, nerves and vessels, may be described
with their essential tissues. The more complex organs are reserved for

“the later section entitled “Special Histology.”

Before presenting in summary form the derivatives of the germ layers

it should be noted that the ectoderm becomes continuous with the ento-
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derm at the mouth, anus, and urogenital opening. The line of separation
is not that of transition from skin to mucous membrane, but is indicated
by the transient membranes (the oral and anal plates) found in young
embryos. Nothing in the adult remains to show where the layers join.

ORIGIN OF THE TISSUES FROM THE GERM LAYERS.
The ectoderm produces:

1. EriTHELIUM of the following organs:—the skin, including its glands,
hair and nails; the cornea and the lens; the external and internal ear; the nasal
and oral cavities, including the salivary glands, the enamel of the teeth and an-
terior lobe of the hypophysis; the anus; the cavernous and membranous parts of
the male urethra; together with that epithelium of the chorion which is toward
the uterus and of the amnion which is toward the fetus.

2. NERVE TISSUE forming the entire nervous system, central, peripheral
and sympathetic.

3. MUSCLE TISSUE, rarely, as of the sweat glands, and perhaps also some
muscle fibers of the iris.

The mesoderm produces:

1. EpitHELIUM of the following structures:—the urogenital organs except
most of the bladder and the urethra; the pericardium, pleurae, and peritonaeum
and the continuation of this layer over the contiguous surfaces of amnion and
chorion; the blood and lymphatic vessels; and the joint cavities and bursae.

2. MUSCLE TISSUE, striated (voluntary), cardiac, and smooth (involuntary).

3. MEsSENcHYMA, an embryonic tissue, which forms in the adult, connective
and adipose tissue, bone (including the teeth except their enamel), cartilage,
tendon, and various special cells.

4. VASCULAR T1SSUE, the cells of the blood and lymph, consequently the
essential elements of the lymph glands, red bone marrow and spleen.

The entoderm produces:

1. ErrtaELioM of the following organs:—the pharynx, including the auditory
tube and middle ear, thyreoid and thymus glands; the respiratory tract, including
larynx, trachea, and lungs; the digestive tract, including the oesophagus, stomach,
small and large intestine, rectum, liver, pancreas, and the fetal yolk sac; and
part of the urinary organs, namely most of the bladder, the female urethra, and
prostatic part of the male urethra.

2. NOTOCHORDAL TISSUE, which disappears (?) in the adult.

EPITHELIA.

Epithelium has already been defined as a layer of cells covering an
external or an internal surface of the body, having one side therefore free,
and the other resting on underlying tissue. Epithelia differ from one
another in embryonic origin, in the shape of their cells, in the number
of layers of cells of which they are composed, and in the differentiation
of these cells. All of these features should be recordedin any complete
description of an epithelium, and, except the origin, something of each
is to be observed in a single specimen. These four characteristics may
be considered in order.
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ORIGIN.

Epithelia arise from all three of the germ layers as described in the
section on Histogenesis. The terms which may be applied to adult epithelia
indicating their origin are ectodermal, entodermal, mesodermal, mesothelial,
and mesenchymal. M esothelium is a term applied sometimes to all meso-
dermal epithelia except the mesenchymal. There is a tendency, however,
which seems desirable, to limit its application in the adult to the pericardial,
pleural, and peritonaeal epithelia. Endothelium is from the “ angioblast”
and lines the heart, the blood vessels and the lymphatic vessels only.
The loose but rather common application of this name to mesothelium
and mesenchymal epithelium is much to be regretted. Mesenchymal [or
false] epithelia are formed by flattened mesenchymal cells, developing
relatively late in embryonic life. They line the bursae, tendon sheaths,
joint cavities, the chambers of the eye, and the scalae tympani and vestibuli
of the ear. The table on page 26 indicates to which germ layer the
epithelia belong.

SHAPES OF EPITHELIAL CELLS.

Epithelial cells may be grouped, according to their shape, in three
classes, flat, cuboidal, and columnar. These names apply to the appearance

Fic. 24.—AmxioN oF PiG. (A FETAL MeMeraxe COVERING THE Emeryo.)

8. C. Epi., Simple cuboidal epithelinm ; Mesen., a mesenchymal tissie; Meso., mesothelium, a simple
fiat epithelinm,

of the cells when cut in a plane perpendicular to the free surface. On
surface view all three kinds are usually polygonal and often six sided.
If the epithelium consists of but a single layer of cells it is called simple.
Fig. 24 shows along its upper surface a simple cuboidal epithelium. = The
sections of its cells are approximately square. On the lower surface is a
simple flat epithelium, which, being an extension of the layer lining the
coelom, is a mesothelium. A surface view of mesothelial cells on a smaller
scale is shown in Fig. 25, A. Endothelium, Fig. 25, B, is quite like meso-

‘thelium in appearance; its cells, however, are usually more elongated,

parallel with the course of the vessel which they line. It is a simple epi-
thelium, so flat that the thickest part of its cell is that which accommodates
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tory and genital tracts. A stratified epithelium is one which actually
consists of several layers of cells (Fig. 28). In descriptions of stratified
epithelia the number of layers should be recorded, especially if few. We
may say that it is 2-layered, 4-6-layered, or many layered, as the case may
be. The shapes of the cells in the basal, middle, and superficial strata
should be noted. The cells are formed in the basal layer, and as they are
pushed outward they become changed in shape and character. The
superficial cells, for which the entire stratified epithelium is often named,
may be columnar, cuboidal, or flat. The flat ones are called squamous,
especially when they have become detached and are found in urine or
saliva (Fig. 29). (Transitional epithelium is an undesirable name for that
form of stratified epithelium found in the bladder, ureter, and pelvis of
the kidney. It will be deseribed in connection with those organs.)

PERIPHERAL DIFFERENTIATION.

The differentiation of epithelial cells is chiefly along three lines,—
first, the transformation of entire cells into cornified masses as in the
outer cells of the skin, in the nails,

and hair; second, the development  xeiwork of e
of wvarious structures around the el . ’
borders of the cells, particularly <

along the free surface; and third, o, o

Cuticula. | %

the elaboration of secretion within
the protoplasm. The last two forms
will be considered in detail.

Cell walls in young epithelia
are generally lacking. In the early

: .f”fl
Intercellular 11

suhstance. ."’r’jjl el 130
R B
- 1

-

H :
embryonic skin and in its basal Al §
layers in the adult, they are often
5 Fuc. so.—DIaGRAM OF THE NETWORK OF

absent, so that the cells are in very TERMINAL BARS.

The two cells on the left are divided lengthwise
close contact. Later F.I'll}j' become intos halves ; the two on the right are drawn as

: complete cylinders or prisms,

separated from one another by “ce-

ment substance,” probably fluid. This is true of mesothelial and endo-
thelial cells also. Since silver nitrate is precipitated by the intercellular
substance, their cell boundaries become very distinct after treatment with
this reagent. Lymph corpuscles and leucocytes may pass out from thin-
walled blood vessels, between the endothelial cells, into the mesenchymal
spaces. They may enter the intercellular substance between the columnar
cells of the intestinal epithelium. Here they are prevented from reaching
the free surface by ferminal bars. The diagram, Fig. 3o, illustrates
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how these bars encircle each cell near its top, binding it to the adjoin-
ing cells. The bars are regarded as a form of cement substance. In
sections of the intestine, Fig. 26, or of the epididymis, Fig. 33, b, they
may be seen with ordinary high power lenses. Occasionally, as in the
deeper layers of the skin, the spaces between the cells are crossed by delicate
protoplasmic bridges, so that the cells have a spiny appearance (Fig. 31).
Fine fibrils may pass from cell to cell through these bridges which are
themselves so slender as scarcely to be defined without oil immersion
objectives. The spaces are smaller and the' bridges shorter in simple
than in stratified epithelium. Therefore the spaces have been regarded
as canals to convey nutriment to the outer cells. Nutriment comes to
epithelia through blood vessels in the tissue just beneath them. Except
possibly in the bladder and renal pelvis the vessels do not enter an epithe-
lium, nor are lymphatic vessels found within it. Whatever nutriment
the outer cells receive must come through the cells
below or through the intercellular spaces.
Intercellular spaces have been said to arise
through "coalescence of vacuoles in the exoplasm.
The fact that the spinous cells, with intercellular sub-
stance between them, present a form intermediate
Fig, si—IxterceLiulak — hetween ordinary epithelium and mesenchyma has

BRIDGES, AS SEEN IM

VERTICA, shcrlon®  been emphasized. The basal cells of an epithelium
s, M B sometimes seem to send out processes which con-
nect with the underlying mesenchymal cells. In
glands especially, a thin, well-defined membrane is often found just under
the epithelium, and it is called a basement membrane (membrana propria).
It is usually homogeneous and without nuclei, often being of elastic sub-
stance. Some basement membranes are held to be formed by the basal
processes of epithelial cells, but generally they are considered of mesen-
chymal derivation.

Along their free surface, epithelial cells often have a thick wall called a
cuticular border (top plate, or if very thick, a crusta). Under high magnifi-
cation some cuticular borders appear perpendicularly striated and consist
of protoplasmic processes or pseudopodia, which may be sent out or
retracted, thus causing the border to vary in width. This has been
observed in the human large intestine, and in the efferent ducts of the testis
of a mouse, Fig. 32,a and b. Longer processes which are vibratile but not
retractile are known as cilia. They cover the free surfaces of many
epithelia either simple or stratified. In_the living condition the motion
of cilia may be observed in certain unicellular animals, along the gills of
fresh water clams or in pieces of oral epithelium from a frog. The stroke
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of cilia is effective in one direction only, so that mucus or solid particles
may be swept by their action across the surface of the epithelium, for
example from the trachea to the mouth. In the lower animals the stroke
may be reversed under certain conditions. Or-
dinarily the student can merely detect the pres-
ence or absence of cilia in a given specimen.
Under favorable conditions investigators have

e e A seinaiiiinig
observed that each cilium is connected witha | 1 ° e |
granule or pair of granules, the basal body, e 1‘@ :
near the upper surface of the cell, and several FRe :.L }:
agree that these arise by division of the cen- | % &/ | /
trosome. In Fig. 32, a, the cell contains a _—-ﬁ“ﬁ"_“_f“’
single diplosome (centrosome) in characteristic  Fic.52—Crrtsor rus Ereerest
position; b has four diplosomes; and c is cili- Movsr. (Attes Fucay . *
ated with basal bodies similar to diplosomes. ' Border fin bt diploosmes: aed

cilia (im ¢).

Apparently no ciliated cell has been observed
in mitosis. Fig. 33, a, is a diagram to show that cilia may extend through
the top plate into the protoplasm, and obscure modifications of the upper
part of the protoplasm may sometimes be seen with ordinary magnifica-
tion. The row of diplosomes may appear to form a single or double
transverse line.

The cells known as spermatozoa are each provided with a single,
very long, motile process, such as is called a
flagellum. It develops in relation to the cen-
trosome, as will be described in connection with
the testis. Some so-called cilia are non-motile
prolongations of the filar mass of the proto-
plasm, and seem to be concerned with the dis-
charge of secretion. They have no basal bodies
and lack the distinctness of true cilia, generally
appearing in conical clumps like the hairs of
a wet paint brush. Such cilia are found in
the epididymis (Fig. 33, b). In certain of the
kidney cells there are short, thick, non-motile
processes, described sometimes as rudimentary

Fic. 33.

a, Diagram of aciliated cell (after  cjlja, sometimes as a cuticula, and known as
Prenant), showing vibratile

cilia; b, cellsof the human epi-  the “hish border.” The cells which line the

didymis (after Fuchs), showing
non-motile cilia,

central canal of the nervous system develop
processes which are not true cilia. Finally, in what is called neuro-epi-
thelium, as in the taste buds, the epithelial cells have one or more slender
processes apparenily designed to receive stimuli, and the function of the
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neuroepithelial cell is to transmit this stimulus to the nerve fibers which
branch around its lower part.

PROCESSES OF SECRETION.

Many cells can elaborate and discharge certain substances which do
not become parts of the tissue. Such cells are called gland cells and their
products are either used in the body (secretions) or, being of no value, they
are removed (excretions). The processes of elaboration and discharge
of either secretion or excretion may often be recognized by changes in
the form and contents of the cell, indicating that it is empty or full of
secretion, as the case may be. A gland cell which is full of elaborated
secretion is called ““ active,” and one in which the secretion is not apparent,
though it may be in process of formation, is called “resting.” The
appearances of secretion differ in two types of gland cells, the serous, which
produce-a watery secretion like that of the parotid salivary gland, and the

Gr = ..____.-"J Caranunles
sramnle.

_ Protoplasm.
Protoplasm.

= MNew grannle,

Basal filaments. -

Muclews.

—— Nucleolus.

Fic. 3.—Two SEROUS GLAND-CELLS FROM THE SUBMAXILLARY GLAND OF A GUINEA-PIG, 3 1260,

In cell B the granules have passed into the unsiainable state; new stainable granules are beginning
to develop in the protoplasm,

mucous, which form a thick secretion such as occurs in the nose and
throat.

The nucleus of empty gland cells often has a fine chromatin network
“together with distinct nuclear granules. The granules are lacking when
the cell is full of secretion and the chromatin takes the form of coarse
fragments. Doubtless the granules pass from the nucleus into the proto-
plasm, but whether they become true secretion granules is uncertain,
since similar phenomena have been observed in nerve cells.

The protoplasm of serous gland cells at the beginning of secretion
exhibits distinct granules, coarser than microsomes, staining intensely
with certain dyes (Fig 34. A). The granules enlarge, lose their staining
capacity, and are transformed into drops of secretion with which the cell
becomes charged. As a whole, the cell is larger and clearer than before.

4R



]

SECRETION. 33

3

The fluid secretion and sometimes the granules are discharged from the

free surface.
Such cells are

{3 !_,--i-\_|_|_ i 'l 1 4‘__.;—"'#-}..]{
striking examples of el JEB ;
] : SEEEL - — L
the polarity of cells, by s = 0 o
which is meant a dif- _., b c ol o
ferentiatiﬁn {)f pmf_ﬂ- Fi1c, 35.—ErITHELIAL CELLS SECrRETING Mucus,
3 From a section of the mucous membrane of the stomachof man, < sa.
pl&sm Ell{}l’lg T.]'il’: AX1s A, |"1"1|ll:-|,|n|:le-\.||:|.; L e-1.'1'rl:'1:'-:.u:', a, Lwo emply 1’.‘1.'||e-'~: the cell betwaean

them shows beg

FINNINE mucold melamaorn |_|-h1|w.:i:t; &, the cell on the

-Df the {:Ell. The basal right is discharging its contents; the granular protoplasm has in-

|':|-:':|-c-|-4,| ;|||1| l,|:|l_I nuclens has become round AN,

portion receives the
nutriment to be made into secretion.

It often exhibits striations, rods, or

filaments known as ergastoplasm (Fig. 34, A). The distal portion which

Secretion.

Protoplasm
and nucleus.

Gland lTamen.

Firc. 36.—IxTESTINAL GLAND FROM A SECTION OF
THE LARGE INTESTINE OF MaAx. < 165,

The secretion formed in the goblet-cells iz colored
blue. In zone 1 the globlet-cells show the begin-
ning of secretion; thar cxpulsion has begun is
evident from the presence of drops of secretion in
the lumen of the gland. =z, Goblet-cells with much
gecretion. 3, Goblet-cells containing less secretion.
4, Dying goblet-cells, some of which still contain
remuanis of secretion.

3

contains the elaborated product
is obviously of a different nature.
Verv many kinds of cells give evi-
dence of polarity. The nuclear
constituents also may be arranged
in relation to this same axis or
to another, but nuclear polarity
which is manifest during mitosis
may be disguised or lost at other
times.

In mucous cells as in serous,
secretion begins with granule
formation. The granules soon
change into clear masses of mu-
cus, which accumulate toward
the free surface and are more or
less sharply separated from the
unchanged protoplasm beneath.
The mucus is, however, pene-
trated by strands of protoplasm
which contain the centrosome. As
elaboration of mucus continues
the nucleus is crowded to the base
of the cell, and may become round
or flattened (Fig. 35). Then the
secretion is gradually discharged,
apparently with the rupture of the
top plate. If the cell is not de-
stroyed the nucleus returns to its
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central position and the protoplasm refills the cell now greatly reduced in
size. Most gland cells are not destroyed by the discharge of secretion,
but may repeat the process several times. In the sebaceous glands,
however, cells and secretion are cast off together, and many of the mucus-
producing goeblet cells, such as have just been described, are thought to
perish after once filling with secretion. In the large intestine, goblet cells
are formed near the bottom of tubular depressions in a simple columnar
epithelium, Fig. 36. By the addition of new cells below them, they are
pushed toward the outlet of the tube where the oldest cells are found.
Mucus is discharged while its formation continues. For a time the secre-
tion develops faster than it is discharged, so that it accumulates within the
cell (Fig. 36, 2), but later, as elimination exceeds production, the cell
becomes emptied and dies (Fig. 36, 4). In stratified epithelium, mucus
may be formed in the deeper cells, but it cannot be discharged until these
have reached the surface.

THE DESCRIPTION OF AN EPITHELIUM.

In describing an epithelium the student should record its origin if it
is remembered, and should note from observation, first, the number of
layers (whether the epithelium is simple or stratified; in the latter case,
the number of strata); second, the shapes of the cells (columnar, cuboidal,
or flat, and in a stratified epithelium the layers, basal or superficial, in
which such shapes occur); finally, the special structures should be sought,
including basement membranes, intercellular bridges, terminal bars,
striated, brush, or ciliated borders, and forms of secretion within the
protoplasm. A detailed description of nucleus and protoplasm should
be given of such epithelial cells as are of special importance.

THE NATURE AND CLASSIFICATION OF GLANDS.

A preliminary description of glands may be inserted at this point,
since glands in the strictest sense are groups of such secreting epithelial
cells as have just been described. Two other classes of structures are called
glands, however. In one of these, cells instead of secretions are formed
and set free. Cell-producing glands are called specifically cytogenic
glands. These include, first, the ovary and testis which produce sexual
cells; and, second, the lymph glands, haemolymph glands, spleen, and
red bone marrow, all of which produce blood corpuscles. Tissue similar
to that of the lymph glands when found in a diffuse form is not called glan-
dular, but merely lymphoid tissue. The term gland, as here employed,
suggests a well-defined, macroscopic mass of cell-producing tissue, epithe-
lial in the sexual glands, and non-epithelial in the lymphoid group.
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Besides the cytogenic glands, there are epithelioid glands consisting
of clumps or cords of cells resembling epithelium, yet having no free surface.
These masses of cells, which may be detached from an epithelium or
formed from mesenchyma, are generally penetrated by blood or lymphatic
vessels into which their secretions are discharged. Secretions eliminated
in this manner are called internal secretions. The epithelioid glands can
produce only internal secretions. The suprarenal gland is a large example
of this class.

Epithelial glands are such as consist of true epithelium, discharging
their secretions from its free surface. Most glands are of this nature.
In simplest form they are merely the occasional mucous or other secret-
ing cells found scat- & -
tered over an epithe- T
lium. These are ":'““"ﬁ‘,;:‘-';il J'
sometimes called
unicellular glands.
Others are simple
tubular or saccular
depressions in the
epithelium, lined
with secreting cells
as shown in Fig. 36.
Glands of this de-

Exe¢ Pl oy
duct.

Secretory
duct,

Iy e e 1 I
scription, perhaps e
coiled at their lower
end, or having a few i

branches, or con-

sisting of a cluster

of saccular secret- Fic. 37.—Inacrasm oF THE DEVELOPMEST OF A4 COMPOUND GLAND,
The arrangement of ducts in O is that of the homan submaxillary gland.

ing spaces, often
occur in large numbers as parts of some organ. Thus they are found in
the intestine, the uterus, and the skin, where they are named intestinal
glands, uterine glands, sebaceous and sweat glands respectively, each
kind having its special characteristics. They are named as classes and
not as individuals, and have been grouped as the simple glands. On the
other hand, there are epithelial glands which occur singly or in circum-
scribed groups, having their own connective tissue capsule, blood, nerve,
and lymph supply. Such forms are considered as separate organs, for
example, the liver, pancreas, mammary gland, and prostate, and for this
group the name compound glands has been introduced,

These glands develop in the embryo generally as a solid downgrowth
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of the epithelium. This divides by branching, and subdivides as shown
in the diagram, Fig. 37, A, B, and C. A cavity appears in the cord of cells
which then become clearly epithelial. Simple glands, as in the intestine,
may remain in the stage A, and be lined throughout with secreting cells;
in glands of greater size and complexity only the terminal portions contain
the essential secreting cells. The trunk and its main branches serve to
convey the products of the “end pieces™ to the surface, and constitute the
ducts. Stage B is permanent in such simple glands as those of the stomach,
in which a short duct without branches is formed by the union of a few
tubular end pieces. The compound glands generally have branching
ducts as in C and D.

The secreting portions of the gland may be tubular, spheroidal,
or of some intermediate shape. A round termination is called either an
acinus (Latin, a grape) or an alveolus (Latin,
a small rounded vessel). The intermediate
forms are called alveolo-tubular [tubulo-
acinar, etc.]. The cavity of these parts is
called the Jumen of the gland, and is directly
continuous with the cavity of the ducts.
The secretion may pass from the cells di-
rectly into the gland lumen, or it may enter
extensions of the lumen found either between
the cells or actually within their protoplasm.
These are the infercellular and intracellular
Fig. 35.—DIAGRAM OF A SIMPLE AL-  secretory capillaries respectively. They may

VEOLAR GLAND, SHOWING [NTER-

A ma O o ieka- e branched or anastomosing,—that is, form-
AND INTEACELLULAR CANALS ON  ing networks by the union of their branches.
The intracellular capillaries have less distinct
walls than the others, and are considered transient formations related
to vacuoles. The diagram, Fig. 38, represents one half of a simple alveolar
gland with intercellular secretory capillaries on the right, and intracellular
ones on the left. Both kinds are found in the sweat glands, the liver,
and the gastric glands. Intercellular capillaries only are found in the
serous glands of the tongue and in the serous portions of the salivary glauds,
also in the bulbo-urethral, pyloric and lachrymal glands. Secretory capil-
laries are apparently absent from mucous, duodenal, intestinal, uterine
and thyreoid glands, and from the kidney and hypophysis.

Having reached the gland lumen, the secretion may pass into a narrow
duct lined with simple cuboidal or flat epithelium, the intercalated duct
of Fig. 37, D. The transition from this to the larger duct, lined perhaps
with columnar epithelium, is not as abrupt as in the diagram. In certain
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glands the cells here show basal striations, due to rows of granules, which
indicate that this portion of the ducts produces a secretion. The terminal
part of the ducts of a large gland may be formed of stratified epithelium,
perhaps containing mucous cells. The ducts of the liver produce a
considerable quantity of mucus, and the bronchi, which from their develop-
ment and form may be considered the ducts of the lungs, also contain
scattered mucous cells and small secondary mucous glands. Important
secretions are elaborated by the efferent and some other ducts of the testis.
In the kidney there is no terminal secreting portion as in most glands.
The duct-like tubules serve rather to transfer selected materials from the
blood to the lumen than to form new substances. This is more obviously
true of the alveoli of the lung which merely transmit oxygen and other
substances through inert modified cells. Morphologically, that is, in their
form and development, both the kidneys and the lungs are glands.

All epithelial glands arise as outgrowths from an epithelium, as has
been described. A few, by the obliteration of their ducts, become separated
from their place of origin. This occurs in some small glands associated
with the brain and in the thyreoid gland. The closed end pieces of the
thyreoid become filled with a secretion that cannot escape. Derived from
or in addition to this, there is an internal secretion which is taken up by
the vessels adjacent to the basal surfaces of the cells.

For completely closed epithelial sacs, such as occur in the thyreoid
gland and in the ovary, the term jollicle is used (Latin, folliculus, ““a little
bag'’). If such closed spaces are pathological or degenerative, they are
called cysts. Small round selid masses of lymphoid tissue, occurring
singly or as parts of lymph glands, are called nodules (Latin, nodulus,
““a little knot’’). Very often and improperly lymph nodules are called
follicles.

In examining sections of glands the student should observe to what
class they belong, and should record in case of epithelial glands whether
they are unbranched or branched, together with the shape of the end pieces.
It is often difficult to determine this shape without resort to reconstructions
from a series of sections. The various appearances of the ducts should
be studied with the idea of picturing the gland as a whole.

As a summary of the preceding paragraphs the following tabular
classification of glands may be presented:

I. Epithelial glands, with persistent ducts, producing external secre-
tions.

- 1. Unicellular glands.
2. Simple glands.
a. Ectodermal, e. g., sweat and sebaceous glands.
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b. Mesodermal, e. g., uterine glands.
¢. Entodermal, e. g., gastric and intestinal glands.
3. Compound glands.

a. Ectodermal, e. g., mammary and lachrymal glands.

b. Mesodermal, e. g., epididymis and kidney.

¢. Entodermal, e. g., pancreas and liver.

I1. Epithelial glands, with obliterated ducts, producing internal secretion.

a. Ectodermal, pineal body; both lobes of the hypophysis.

b. Entodermal, thyreoid gland.

111. Epithelioid glands, never having duct or lumen, producing internal
secretions only.

a. Ectodermal (through their relation to the sympathetic
nerves), glomus caroticum; glomus coccygeum; and me-
dulla of the suprarenal gland.

b. Mesodermal, cortex of suprarenal gland; interstitial cells of
the testis; corpus luteum.

¢. Entodermal, islands of the pancreas; epithelioid bodies in
relation with the thyreoid gland; thymus in its early stages.

IV. Cytogenic glands, producing cells.

a. Mesodermal, epithelial,—the ovary and testis.

b. Mesodermal, mesenchymal,—the lymph glands, haemolymph
glands, spleen, red bone marrow, and many smaller struc-
tures.

THE MESENCHYMAL TISSUES.

In an early stage the embryo is composed of two tissues, epithelium
and mesenchyma. M esenchyma has already been defined as a non-epithelial
portion of the mesoderm composed of branching cells. Their protoplasmic
processes anastomose, forming a conlinuous network of protoplasm,—a
syncytiwm, in the meshes of which is a homogeneous intercellular substance
or matrix (Fig. 22, page 23). Those derivatives of mesenchyma which
diverge greatly from this embryonic type will be reserved for later considera-
tion. Such are the vascular systems, smooth muscle and certain epithelioid
cells. Reticular tissue, mucous tissue, connective tissue, lendon, cartilage
and bone, sometimes grouped as the supporting tissues, may now be con-
sidered in turn. They are all mesenchymal tissues which have undergone
transformations both of their cells and of the intercellular substance.

RETICULAR TISSUE.

Reticular tissue is that form of adult tissue which most closely re-
sembles mesenchyma. It is a network of cells with a fluid intercellular
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substance. The protoplasmic processes, however, have been transformed
into stiff slender fibrils containing a substance known chemically as
reticulin. Whereas ordinary connective tissue may be made to yield
gelatin, reticular tissue gives both gelatin and reticulin. Since connec ive
and reticular tissues occur so closely associated that it would be difficult
to obtain pure specimens of the latter, the gelatin has been ascribed to
a mixture with connective tissue elements. On the other hand, it has been
asserted that reticulin is merely a variety of gelatin due to the method of
analysis. Reticular fibers, by their greater resistance to pancreatic
digestion and by dissolving in dilute acid, differ from the elastic elements
of connective tissue. They are =aid to be more resistant to acids or alkalies
than the fibrillar part of connective tissue. Such a distinction is hard to
establish, especially since some reticular tissues are more resistant than
others. Chemically, therefore, the validity of reticulin
is questionable. Histologically reticular tissue is quite
clearly defined by the abundance and fluidity of its
matrix. Small round cells, the lymphocytes, which
may be scattered through ordinary connective tissue,
are always abundant in the meshes of reticular tissue.
They are so numerous and closely packed that the
delicate reticular fibers are mostly hidden, and can be
studied to advantage only after the loose cells have
been disengaged from their meshes. This may be ac-
complished by shaking or brushing the sections, or by
artificially digesting the specimen {which destroys the Fic. s—Rerticuran

; : TISSUE FROM THE
reticular cells along with the others, but leaves the fibers) SPLEEN OF THE Pic.

or by the method of Prof. Mall, used in obtaining Fig. 30. i E{%ﬁ& ;JE:;:P?:&J-E
A piece of fresh spleen was distended by injecting i

gelatin into its substance; then frozen and sectioned. The sections were
put in warm water which dissolved out the gelatin, carrying the loose
cells with it, and leaving areas of clear reticular tissue. In ordinary sec-
tions the student will recognize reticular tissue by the cells in its meshes,
but some of its nuclei and fibers can always be detected upon close ex-
amination. It may contain cells other than lymphocytes, for it forms the
framework not only of lymph glands, but of red bone marrow and the
spleen. A layer of reticular tissue is found under the epithelium of the

digestive tract, and it has been reported in many organs.

Mucous TISSUE. [ (ol e o TJL'.\_I

Mucous tissue forms the substance of the umbilical cord, where it
was formerly called Wharton’s jelly. There it occurs as a gelatinous
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tissue of pearly luster, containing neither capillary nor lymphatic vessels,
nor nerves. In the umbilical cords of young embryos it closely resembles
mesenchyma. At birth its cells, which retain their protoplasmic con-
nections with one another, appear fusiform (spindle-shaped) or triangular
rather than stellate. The intercellular substance consists of fibrils in
irregular bundles, embedded in a matrix containing mucus. It has long
been debated whether these fibrils originate in the matrix directly, by a
sort of precipitation or coagulation, or develop in the outer protoplasm
(exoplasm) from which they later become separated. The tendency is
toward the latter interpretation. In specimens specially stained, Fig. 40,
the protoplasm may present a sharp fibril-like border staining differently
from the intercellular fibrils. Chemical changes in the fibrils may occur
after they have left the cells. Elastic fibers, to be described under con-
nective tissue, are not found in the
mucous tissue of the umbilical cord.

The mucins are a group of com-
pound proteid bodies containing a car-
bohydrate complex in their molecule
and therefore known as glycoproteids.
There are many varieties, the mucus
of gland cells and of the mucous tissue
just described both containing true
mucins. Related substances, called
mucoids, have been obtained from ten-
don, cartilage and bone. The develop-
4 'iu:-ﬂlfu i’.‘[u;;r:biiﬁiiu m. mucus—con ment of mucus by cnnnectl:ue tlssuv:-
SSS fibils; g, cell with fibril-like border, cells does not produce anything corre

; sponding with goblet cells. It is only

in connection with other sorts of secretion that connective tissue cells are
said to elaborate granules which are converted into vacuoles.

All embryonic connective tissues are thought to contain mucus, and
a variety of tumor (myxoma) is of this type. The peculiar connective
tissue of the cornea, to be described in connection with the eye, contains
no elastic fibers and is rich in mucin; nevertheless its structure is very
different from that of the substance of the umbilical cord, to which the
name ‘“‘mucous tissue’’ is particulary applicable.

CoNNECTIVE TISSUE.

Connective tissue is that derivative of mesenchyma which consists of
cells either connected with one another or disconnected, and of intercellular
spaces largely occupied by fibers of two sorts, while and elastic fibers



CONNECTIVE TISSUE. 41

respectively. In the dense forms of connective tissue the fiber-bundles
tend to be parallel and are closely packed. In loose or areslar connective
tissue the fibers run in various directions, and among them are cells which
have become charged with fat. When these are numerous they constitute
jat tissue (adipose tissue). Areolar connective tissue ordinarily contains
fat cells. In every specimen of connective tissue three features should
be examined: the fibers, the cells, and the remains of the infercellular
substance.

Fibers. 1f a small piece of fresh connective tissue, such as envelops
the muscles of a guinea pig, be pulled apart on a slide and examined in
water, it will exhibit the structures shown in Fig. 41. Most of the specimen
may be obscure, but in such parts as were properly spread out the whife
fibers can be seen as pale, wavy
bands, without sharp borders.
They are faintly striated longi-
tudinally, due to the fact that
they are bundles of minute
fibrils bound together by a
small amount of cement sub-
stance. The addition of picric
acid causes them to separate
into their constituent elements.
The white fibers divide, as
shown in the figure, by the
separation of the fibrils into
smaller groups; the fbrils

7
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= Fi1G. 41.—FrESH Cox¥ecTIVE TISSUE FROM AROUND THE
themselves do not branch. If SHOULDER MUSCLES OF A GUINEA PIG.
. . . = A, Before and B, after adding dilute acetic acid. El. F., Elaz-
dilute acetic acid is put upon tic fiber -i.l Wh. F., white fiber; n., nucleus of connective
tissue cell.

the specimen, these fibers swell,
as shown in Fig. 41, B, often presenting a series of constrictions ascribed
to the remains of encircling cells, to rings of elastic fiber, or to remnants of
a sheath which enveloped the bundle. Ultimately the white fibers disap-
pear in acids or in alkalies. Chemically they are said to consist of collagen,
an albuminoid body which on boiling yields gelafin (glutin, the source of
glue). The white fibers are supposed to arise in the exoplasm. Those
seen in mucous tissue were of this variety.

Elastic fibers are probably always present in connective tissue, though
varying greatly in their abundance. They are said to develop later than
the white fibers and are absent from corneal tissue, mucous tissue, and
generally, though not always, from reticular tissue. In Fig. 41 they are
seen as sharply defined, straight or stiffly bent, homogeneous structures
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which are highly refractive,—that is, they so reflect light as to change from
bright to very dark objects on varying the focus. They may be extremely
fine, or quite broad, but the latter are not divisible into smaller elements
or fibrils. Seen in specimens which have
not been torn apart, the elastic fibers form a
network, Fig. 42, A, and the smooth manner
in which they fuse at its angles is charac-
teristic. 'When the net is broken the fibers
retract in irregular spirals. The elastic
fibers are thought to be of exoplasmic origin,
as is suggested by Fig. 42, B. Elastic sub-
stance may appear within the cell as fila-
ments, or as granules which later fuse. In
some cases the fibers forming the elastic net
e 4 are wider than its apertures, as shown in

.., Elastic fibers of the r-.||.|:|-|_'|.|ta|||,'::|||,-'.

areolar tissue of a mabbit. (After the lower part of Fig. 43, A. Here they

:'-H.'hij..ffl.i B, Cells in relation \l.'_i1_'h

Reetic aci . Subeatancamm i it constitute a perforated elastic plate, called a

S e e MELL] jenestrated membrane, and such occur in
many blood vessels. B and C of the same figure present elastic elements

from the ligamentum nuchae, a structure containing relatively little white

A

E Fiac. 43.—EvasTic Firgrs.
A, Network of thick fibers bl:h:lw.l]'musi inta a fenestrated membrane above. [(From the endocardium
of fers, 1, i

man.} B, Thick elastic i from the lignmentum nuchae of the ox; b, white fibers,
€, Cross section of the ligamentum nuchae, lettered as in B,

fiber, and hence used for the chemical analysis of elastic fiber. The
stylo-hyoid ligament and the ligamenta flava are also elastic ligaments.
Elastic fibers are not destroyed by dilute acids (Fig. 41, B) or alkalies.

They consist of elastin, an albuminoid body which does not yield gelatin
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on boiling. Because of the difference in chemical composition, elastic
fibers may be stained with dyes which fail to color white fibers: thus
resorcin-fuchsin stains them dark purple, but scarcely affects the white
fibers; on the other hand, Mallory’s connective tissue stain makes the
white fibers deep blue, the elastic elements remaining colorless or pale
pink. These special stains are of the greatest importance in studying
connective tissue. In ordinary specimens white fibers appear blended
in masses and the small elastic fibers are invisible. There may be other
sorts of fibers than the white and elastic, such as the fibroglia of Prof.
Mallory, but these are still very little understood.

Cells. Usually the cells of connective tissue are conspicuous only
through their flattened nuclei, which are broadly eclliptical on surface
view, and rod shaped when seen on edge. The protoplasm forms a wide,
thin layer, and since it is closely applied to the fiber bundles which it may
encircle, and ordinarily stains like them, very

often it can scarcely be distinguished. As a e @f”;
whole, the cells are irregularly polygonal, flat- iy w
tened, and bent to conform with the fibers. In o F o
some lamellar tissues these flat cells are in con- @ S é‘} i
tact with one another along their edges, thus @ 3 N
simulating an epithelium. In loose connective @ @ @@

tissue they may be widely separated. They
possess processes which may or may not unite
. - : FiG. 44.—DEVELOPING SUBCUTA-
with those from other cells, and in their proto- NEOUS FAT CELLS. HUMAN
FeErus oF FIVE MoNTHS,

plasmic bodies there are often a few small fat 5 Nucleus: t.v., fat vacusle; p. r..
droplct& proloplasmic rim.

Fat cells, as may be seen in the subcutaneous tissue of a five months’
fetus (Fig. 44) arise from mesenchymal cells by the development of
vacuoles of fat within their protoplasm. The vacuoles enlarge and coalesce,
so that the nucleus is crowded to one side, lying in a rim of unaltered
protoplasm. Gradually the protoplasmic processes disappear. The re-
sulting form of cell has often been compared with a “signet ring,” referring
to its appearance when seen in section. The vacuole of fat further enlarges
so that the nucleus is flattened and the protoplasmic layer becomes very
thin. In fresh cells it cannot be seen. The entire structure appears as a
large refractive drop of oil, Fig. 41, spheroidal if occurring singly, or
polyhedral if compressed bv adjoining cells. Small fat drops may be
scattered through the specimen due to rupture of the cells. In order to
study fat in sections it is necessary to employ special reagents. The tissue
may be preserved either in osmic acid which blackens the fat, or in a
formalin solution and afterwards stained with Sudan IIT or Sharlach R,
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which color the fat droplets red and demonstrate them even when minute.
In ordinary sections all the fat has been dissolved by treatment with alcohol,
leaving the protoplasmic rims enclosing empty spaces. The spaces,
however, correspond in size and shape with the droplets of fat which have

Surface view of fat cells, in the nuelel of which fat droplets are visible.

Connective tissue  Blood vessel contain=
cells. ing corpuscles.

Fat cell and its nucleus in side view. Blood capillary. Connective tissue.

FiG. 45.—FAT TIS30E FROM THE HUMAN SCaLp.

been removed. Provided that the cells have not collapsed, they appear
as large, round or polygonal structures (Fig. 45). Some are seen in
surface view, as if looked down upon, and may show a broadly elliptical
nucleus containing perhaps one or two small vacuoles. Most of the cells
in thin sections are cut across. The protoplasmic rim, reduced to a line,
may be seen to widen and enclose the nucleus,
but often no nucleus is found. This is because
the fat cells are so large that they may be cut
into several slices, only one of which carries
with it the nucleus. Filling the spaces between
the cells there is more or less connective tissue
containing blood vessels. The student should
distinguish the nuclei within the fat cells from
such connective tissue nuclei as may be closely
adjacent to them. In some sections, radiating
Fic. 46—Fat Ceirs rrom Nman Siender crystals, often ill defined, will be seen
fue Kipxey oF A New-soxN  ywithin the fat vacuole. These are fat crystals
[margarin crystals] which formed as the fat

cooled and solidified; in the living body fat is fluid.
All fat cells do not contain a single large vacuole. As described by
Dr. H. A. Christian there occur both at birth and in the adult such fat
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cells as are drawn in Fig. 46. Their protoplasm contains a number of
large vacuoles and the nucleus is sometimes central. Such cells may be
found in subcutaneous tissue, but are more often seen in the omentum
or around the kidneys. In extreme emaciation the fat cells become
flattened and several small vacuoles replace the one large one. These

cells are said to produce a mucoid substance appearing both hetween and
in the cells.

Fat cells dev elop in the fetus in lobular groups around small blood vessels.
They are always found under the skin, behind the eye and in other definite places,
so that they have been regarded as secretory organs. Like gland cells they take
material from the \es-:cls near by, either fat which is stored with but little EhaﬂEL
or sugar and probably albuminoid bodies which are transformed into fat by the
activities of the cell. The process has been said to begin in or near the nucleus
with the formation of granules, which disappear as the vacuoles develop around
them. Thesmall vacuoles in the nucleus have been
described as containing an alkaline fluid which is
not fat, and which is discharged into the proto-
plasm. They are also described as fat droplets and
are observed in cells full of fat rather than in those
beginning its formation. Like an internal secre-
tion, fat is taken from the cells into the vessels,
thourrh probably not in the form in which it is
stored. It should be remembered, however, that
most cells take material from the blood and trans-
form it into new substances. They also very gen-
erally may effect the body by the products of their
activity. Unless the term “gland cell” is to be so
extended as to lose its significance, lobules of fat
should not be considered glands, Fic. 47.—Fat CELLS FROM THE

AXILLA OF aAXx EXTREMELY
EMACIATED [NDIVIDITAL,

Besides the mesenchymal cells which early ] \‘_-'f i SR
: E = s Muclens ; f, iat droplets; e, cap-
become differentiated into fat cells, the cells of illary biood vessels ; b, connec-

Live tissue.

adult connective tissue, of cartilage, and the
epithelium of the liver all form fat vacuoles which may or may not coalesce.
Pathologically fat appears in many kinds of cells, sometimes representing
an accumulation of nutrient material which the cells are unable to as-
similate, sometimes resulting from the breaking down of the normal
combined fats into vacuoles of free fat. It is customary to speak of such
cells as “fatty liver cells,” “cartilage cells containing fat,” etc., and to restrict
the term ““fat cell” to those of mesenchymal origin distended with one or a
few large vacuoles.

Pigment cells are cells of mesenchymal type the protoplasm of which
contains colored granules. The granules, which are generally unaffected
by stains, appear brown or black in sections, and are composed of melanin
in some of its various forms. The changes of color in the chameleon
are largely due to the contraction or extension of the processes of such
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pigment cells. In man this type of cell is of limited occurrence, being
found chiefly around the eye (Fig. 48, A). The same sort of pigment
may be found in epithelial cells. Thus it appears in the epithelium of
that part of the conjunctiva which covers the bulb of the eye in the guinea
pig (Fig. 48, B), and as has recently been noted, it occurs there in all human
races but the European. The pigment of the skin in the negro races and
of the nipple in others is of this sort. It has been discussed whether such
pigment arose in epithelial cells or was transferred to them from underlying
connective tissue cells, or actually remained in such underlying cells
(Fig. 48, C). The retina affords positive evidence that pigment may
develop in epithelial cells, and it has even been said that some of these
become detached and send out branches. The term *pigment cell” as
ordinarily used -refers to a branched cell of mesenchymal origin. Others
are said to “‘contain pigment granules,” or to be “pigmented epithelial cells.”
Finally, it should be added that the melanin series of pigments is one of
three which give color to the body. The others are the fat pigments, or
li pochromes, and the blood pigments, or haemoglobin derivatives. Cells
containing these other pigments are seldom called pigment cells.
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A, Two pigment cells from the deep, peripheral part of the comea of the rabbit. B, Pigmented epithelium
irom the conjunctiva of the guinea pg. The pigment is i‘lll'l..ﬂ"-' in the basal layer. €, Pigment cells

sending processes between the epithelial cells of the skin of an embryo lizard, faceria. [ After

Prenant. )

Besides the pigment cells, fat cells, and fiber-producing cells (fibro-
blasts) several other forms occur in the meshes of connective tissue. These
are free from one another and are merely lodged in the connective tissue
meshes. Some of these cells emigrate from the blood vessels in adult life.
Others may be descendants of cells which emigrated from the vessels in
the young embryo, or else they may have arisen directly from mesenchyma
in the neighborhood of the vessels. A more definite statement concerning
them is not justified. The free cells in connective tissue have been recently
classed as lymphocyles, plasma cells, “resting wandering cells,”” mast cells,
and eosinophiles. All of these types except the resting wandermg cells
are well known and generally recognized.
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Lymphocytes (Fig. 49, 1) are a form of blood corpuscle consisting
of a round nucleus containing block-like masses of chromatin, and of
a narrow rim of protoplasm. Plasma cells (Fig. 49, p) are derived from
lymphocytes by an increase in their protoplasm which stains deeply with
most stains, but especially with basic dyes such as methylene blue. It
15 a dense protoplasm which contains no distinct coarse granules. A clear
area around a diplosome or a group of centrosome granules may be found
in favorable specimens. The resting wandering cells (Fig. 49, r. w.) are
said also to be derived from lymphocytes. Theyv resemble connective
tissue cells (fibroblasts) but do not produce fibers. Their nuclei are smaller,
darker, and more irregular. Their protoplasm, which extends in irregular
processes, contains scattered coarse granules staining deeply with basic
stains. These cells have been called clasmiatocytes. In amphibia there
are connective tissue cells with slender
processes full of granules. These are
described as producing detached frag-
ments, and so were named clasmato-
cytes. In mammals the fragmentation
has not been observed and the “clas-
matocytes’” are so different from those
of amphibia that the term is scarcely
applicable. The resting wandering
cells or clasmatocytes have been con-
sidered varieties of mast cells. The
mast cells (Fig. 49, m)are characterized F oo O or Row rros & Ransir

. - THE REST FrRoM A GuUixEa Pic. (Alter
by coarse protoplasmic granules stain-  Maximow.)

ing intensely with basic stains. These " o~ he i1 (.. plasma cell? r. wes resting
granules are soluble in water and are "7

poorly preserved in ordinary sections. The nuclei are usually round.
Eosinophiles (Fig. 49, ¢) also have coarse granules, but they do not stain
with basic dyes; they have great affinity for acid stains, particularly eosine.
Their nuclei are round or indented.

The free cells of connective tissue occur especially along the courses
of small blood vessels. They will be better understood by the student
after examining blood, for they are closely related to the white corpuscles
to be described later. All forms of blood corpuscles are to be found at
times in the meshes of connective tissue.

The intercellular spaces of connective tissue are of special importance.
Between the fibril bundles, the cells and the elastic network, there remain
spaces filled with fluid. They are extensive in reticular, mucous, and
loose connective tissue, but are reduced to slender channels in the dense




48 HISTOLOGY.

forms. Fluids circulate in them, conveying nutriment from the vessels
to epithelial and other cells and conducting waste products back to the
vessels. White blood corpuscles pass out between the endothelial cells
of the vessels to enter these spaces in which they may travel about or
multiply. Some corpuscles may originate in them, formed from adjacent
connective tissue cells. The intercellular or fissue spaces (lymph spaces)
differ from small vessels, either blood or lvmphatic, in having no endothelial
walls; and the #isswe fluid which they contain ordinarily differs from either
the blood plasma or the lymph. It undoubtedly resembles lymph with
which it has been considered identical.

Summary of connective tissue. Connective tissue consists of inter-
cellular spaces and fluid, white fibers, elastic fibers, and cells. It sur-
rounds the various
organs,and through
it pass the nerves,
blood and lymphat-
icvessels. Its spaces
are intermediate
paths between the
vessels and the cells
of the organs. Its
elastic fibers which
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exoplasmic origin.
Its white fibers are bundles of fibrils cemented together, and either densely
packed or loose and areolar. Its cells are those which produce the fibers,
together with fat and pigment cells, and various forms lodged in the
intercellular spaces. These include lymphocytes, plasma cells, resting
wandering cells, mast cells, and eosinophiles.

TENDON,

Tendons consist essentially of very dense connective tissue with
parallel fibers. The dense tissue as seen in cross section, Fig. 5o, is covered
by a sheath of ordinary connective tissue, prolongations of which extend
into the substance of the tendon. There they unite to form a network
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of partitions or septa. This ordinary connective tissue contains nerves
which supply the tendon, to be further described on page 103; also blood
vessels in relatively small number, and lymphatic vessels which are
confined to the outer sheath. The septa surround bundles or fasciculi
of tendon fibers, called “secondary tendon bun-
dles” in distinction from the smaller * primary
bundles” of which they are composed. The latter
are groups of fibers more or less definitely sur-
rounded by wing-like processes of the tendon cells,
which appear as dots in Fig. 50, but are clearly
shown in Fig. 51. The tendon cells are charac-
terized by their compressed branches which extend
between and around the fiber bundles, anastomos-
ing with similar branches of neighboring cells.
The fibers are white, consisting of collagen (the
gelatin-producing substance) and of fendo-mucoid

s + 3 . 1. 51, —FR0O? CALCA-
which may be found in the cementing matrix. L T (Tespo

- - = ACHILLIS] OF A RABEIT.
Elastic elements are said to occur in small quan- (After Prenant.)

- . . T v medle; s
tity especially near the cells and their processes. ™ Zficath o the bundic:
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Intercellular spaces are very small and are not b e, extending into 2 pri.
P bundle. The enti
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shown in the figure. In longitudinal sections, Fig. figure is a portion of a sec-

andary bundle.

52, the parallel arrangement of the fibers is ap-
parent, and the nuclei are in rows. The protoplasm is often indistinguish-
able, but in special preparations from delicate tendons it appears as a
thin folded layer with plate-like projections, Fig. 53.

F1G. 53.~TENDDN CELLS FROM THE TAIL oF
Fi1G. 52 —[ONGITUDINAL SECTION OF A CALCA- A BAT. STAINED WITH METHYLENE BLUE,
MEAN TEXDpoN oF Max. ImTRA ViTaM. (Huber)

The fibrous sheath, vagina fibrosa, which surrounds the tendon, may
contain a cavity filled with fluid. Such a tendon sheath is called a mucous
sheath, vaging mucosa. The cavity arises as a cleft in the embryonic

connective tissue and its walls are formed of mesenchymal epithelium.

The cells have become flattened and the fibers felted together to bound
4
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the space. It contains a fluid like that of the joint cavities, being chiefly
water and a mucoid substance (not a true mucin) which renders it viscid,
together with proteid and salts. The function of the mucous sheath is
to facilitate the movements of the tendon. By its formation the tendon
is freed from the local connection with surrounding tissue, and the sheath
generally occurs where such connection would especially interfere with
motion. The mucous bursae are similar structures in relation with muscles
or bones. The joint cavities, to be described later, belong in the same class,
having a similar origin and function.

Aponeuroses and fasciae are connective tissue formations, resembling
tendon in possessing a more or less regular arrangement of cells and
fibers. Elastic elements may be abundant.

CARTILAGE.

Cartilage is a derivative of mesenchyma which may develop as shown
in Fig. 54, A. The mesenchymal cells multiply and become crowded
together so that the inter-
cellular spaces are obliter-
ated. Thus precariilage is
formed, consisting of large
closely adjacent cells sepa-
rated from one another by
thin walls staining red with
eosin. Precartilage becomes
cartilage by the thickening
of these exoplasmic walls

which become changed
Fic. gp.—Diacrams oF THE DEVELOPMENT OF CARTILAGE

FROM MESENCHYAMA, l’.‘hl‘.‘mitall}' =20 lhal IhE}r Stﬂ.ill
A, Based upon Studnicka's studies of fish; B, upon Mall's blue with haematoxvlin.

study of mammals. Mes., Mesenchyma; Pre. Carl., pre-

Shiliage; Can,, canlllags. The endoplasm may shrink
from them so that the cell is seen to occupy a little cavity in the
exoplasmic matrix. The cavity is a lacuna and if the matrix around it
appears to form a special wall for the lacuna, the wall is called a capsule.
The cell is the center of matrix formation, producing it in concentric
layers; and the capsule, being that portion of the matrix nearest the cell,
is the part most recently formed. The cells consist of a spongy protoplasm
due to vacuoles of fat, and to spaces from which glvcogen has been removed.
Within a lacuna the cells may divide by mitosis so that there may be four
or eight in one capsule. Ordinarily they move apart, by resorbing the
adjacent matrix (Stéhr) or by forming new ground substance which forces
them apart (Mall), New exoplasmic walls develop between them, pro-

A
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ducing characteristic groups and rows of cells such as are shown in the
diagram. It has been reasserted that some of the cells undergo a mucoid
degeneration and become lost in the matrix. Around the entire cartilage
of the adult there is a connective tissue envelope, the perichondrium,
containing undifferentiated cells which by growth and division become
cartilage cells. They are added to its surface. The young generations of
cartilage cells are therefore at the periphery, and the old are in the center
of the cartilage. Between them an interesting series of cytomorphic
changes may be seen. The perichondrium contains vessels and nerves.
Blood vessels may extend into the cartilage of young embryos, and into
cartilages which are being replaced by bone, but ordinarily cartilage is
non-vascular, receiving its nutriment by diffusion through the matrix.
In surgical operations the preservation of the perichondrium may be of
Importance, since it can produce new cartilage.

Fig. 54, B, presents Prof. Mall's idea of the formation of precartilage
in mammals, differing from that just described which followed Dr, Stud-
nicka’s work on fishes. In B, by the development of fibrils which are
exoplasmic structures staining with eosin, the nuclei and endoplasm
become “‘ extruded from the syncytium” and lie in the intercellular spaces.
The exoplasm becomes transformed into the matrix of the cartilage.
The crowded condition of the nuclei in precartilage makes it difficult of
interpretation.

Glycogen, which occurs in cartilage cells, is a carbohydrate resembling
starch and known as “animal starch.” It is soluble in water, and soon
after death is converted into glucose. For these reasons it disappears
from ordinary sections. Fresh tissues preserved in strong alcohol, and
stained with tincture of iodine, exhibit glycogen as brownish red masses,
tending to be round, but often not sharply outlined. Glycogen is abundant
in embryos in the epithelium of the skin, in liver cells and striated muscles
and in cartilage cells. It is found in similar situations in the adult, espe-
cially in well-nourished individuals, but is apparently not as abundant
relatively as in the embryo. It occurs also in other cells. Its production,
like that of fat, may be considered a nutritive rather than a glandular
phenomenon.

The matrix of cartilage chemically is a mixture of colfagen, chondro-
mucoid, chondroitin sulphuric acid (in combination), and albuminoid sub-
stances (albumoid). [The old term “chondrin” really means little else
than the matrix of cartilage.] The collagen may occur in white fibers
which abound in the matrix of that form of cartilage called fibro-cartilage.
Elastic fibers predominate in the matrix of elastic carfilage. If, however,
on ordinary microscopic examination the matrix appears homogeneous,
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it denotes a hyaline cartilage. Hyaline, elastic, and fibro-cartilages
require special examination.

Hyaline cartilage macroscopically is a pale bluish or pearly trans-
lucent substance, firm and elastic. It forms some of the cartilages of the
larynx, and those of the trachea and bronchi, the nose, ribs and generally
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Fic. 55.—THE THrEE TypES oF CARTILAGE: A, HvaLine ; B, Evastic; €, Fierovs. (Radasch.)

a, b, Outer and inner layers of perichondrium; e, voung cantilage cells; d, older cartilage cells; e, 1, cap-
sule; g, lacuna.

the covering of the joint surfaces, together with the cartilaginous skeleton
of the embyro. Its matrix, though apparently homogeneous, Fig. 53, A,
is actually fibrillar, as shown by its behavior under polarized light, and by
its separation into fibers after artificial digestion. Whether its lacunae
are connected with each other by small canals as in bone and in the carti-
lage of some invertebrates, is very doubtful. Such canals as have been
observed are ascribed to shrinkage caused by reagents. Sometimes, as
in portions of the laryngeal and costal cartilages, the matrix may develop
coarse fibers, neither white nor elastic, which have a luster like asbestos.
In old age, and even by the twentieth year in the case of some laryngeal
cartilages, lime salts may be deposited in the matrix, first as granules
but later combining to form shells enclosing the cartilage cells. Calcified
cartilage, together with calcified tendon and other structures, should not,
however, be regarded as bone.

Elastic cartilage is a pale yellowish structure containing in its matrix
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granules, fibers, or networks of elastic material, Fig. 55, B, and Fig. 36.
Specific elastic tissue stains are as applicable to cartilage as to connective
tissue, and should be used in all cases of doubt as to the nature of the fibers.
The elastic elements are found near the cells, but agreement has not been
reached as to whether they arise in the matrix or in the exoplasm. Elastic

: F1G. 6. —ELASTIC CARTILAGE. » 240.

1, Portion of a section of the vocal process of an arytaenoid cartilage of a woman thirty vears old; the
elastie substanceis in the form of :1:|.1:|1:|'|-e'.4. = amd 3. Portions of scections of the -_-pi;;-h:.tii:-'. of 2 woiman
£1xLy vears old ; a fine network of elastic fibers in 2, a denser network in 3.z, Cartilaze-cell, nucleus
tm'm:‘h]e; k. |;;|'|_1€-i1|'|11 (.

cartilage occurs in the external ear and the auditory (Eustachian) tube; also
in the epiglottis, the cuneiform and corniculate cartilages, and the vocal
process of the arytaenoid cartilages, the last group being parts of the larynx.
Fibrocartilage, Fig. 55, C, appears as a cartilaginous modification
of dense connective tissue. A chondro-mucoid matrix forms among the
fibers, and the cells which occur singly or
in small groups at considerable intervals,
are surrounded by capsules. Fibrocar-
tilage is found in the intervertebral liga-
ments, Fig. 57, in the symphysis pubis,
around the mandibular and sternoclavicu-
lar joints, at the head of the ulna, in the
ligamentum teres of the hip-joint and in
other places associated with joints. Ves-
icular supporting tissue is the name given A1
to a tissue found in lower animals, resem-  Fic. s7.—From a Horizoxtar Section
. X Oy OF THE ISTERVERTEBRAL DISK oF Mam.
b],u:lg pre:‘:artlla.ge, and consisting of ves- g, Fibrillar connective tissue; z, canilage-
icular cells with firm resistant walls. Such Nl e Analls
cells may occur singly. They have been Fie
described in various tendons, and in the sesamoid bone in the tendon :af

the human peroneus longus.

Boxe.

Bone develops relatively late in embryonic life, after the muscles,
nerves, vessels, and many of the organs have been formed. At this time
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triangular and resting against the strand of bone cither by their base or
apex. They form bone only along that surface which is applied to the
matrix. As the strand of bone grows broader through their activity, it
encloses here and there an osteoblast which becomes thereby a bone cell
(Fig. 50). Apparently bone cells do not divide, and if they produce matrix,
thus becoming more widely separated from each other, it is only to a slight
extent and in voung bones; they are therefore quite inactive. Each bone
cell occupies a space in the hyaline matrix, called as in cartilage, a lacuna,

= R o
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Finished Haversian
canal.

Empty lacunac.

Chteoclast.

Endochondral  border-
line.

¢ Endochondral bone.

Fic. So.—PoRTION OF A Cross SECTIoON oF A TURULAE BoxE oF A NEweorRN KITTEN.

but unlike the lacunae of cartilage those in bone are connected by numerous
delicate canals, the canaliculi. In ordinary specimens the canaliculi are
visible only as they enter the lacunae, which are thus made to appear stellate.
The matrix around the lacunae resists such acids as destroy the ordinary
matrix and thus may be isolated in the form of “ bone corpuscles.” The
“corpuscles” correspond with the capsules of cartilage. The bone cells
nearly fill the lacunae and send out slender processes into the canaliculi.
These may anastomose with the processes of neighboring cells, as can
be seen in the embryo, but it is considered doubtful if this condition is
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retained in the adult. The processes, morcover, are so fine as to be
invisible ordinarily, and formerly their existence was denied.

The strands of bone containing bone cells, and beset with osteoblasts,
increase in size and unite so as to enclose areas of embryonic connective
tissue containing blood vessels, as shown in the upper part of Fig. Go,
and in the diagram, Fig. 61. The connective tissue surrounding the
entire network of bone becomes differentiated into a distinct layer, the
periosteum. This includes an outer stratum of ordinary connective tissue
(not drawn in the figures), a middle layer of dense fibrous tissue, and an
inner cellular layer including the osteoblasts in contact with the outer
surface of the bone. Fig. 61 shows the way in which a portion of this
inner stratum may be enclosed in the bone matrix. It is about to occur
around the blood vessel,
B. V., and has taken place
in the space H. C'.  Within
such an enclosure the osteo-
blasts continue to form
bone in concentric layers or
lamellae, thus gradually re-
ducing the central space
until it contains only a few
cells and the blood vessels
as in H. C°. Such spaces
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bone, and are called Haver-
Fii. 6r.=—Inacras or THE DEVELOPMENT OF BoNE. . . "
(In part, after Duval ) Jian mﬂafs (l].'l l'ﬁ{:(}gﬂlll.ﬂﬂ
1., Fibrous laver of periost ; 0., osteogenie laver of perios- . f
||r.-|rugl:L:l' :;.,ﬂmnte?:-l;ﬁla;i ;thn,,, ]:-:.mc:i:ucl?: B. ¥.. bload ves. of the anatomist Hﬂ.\"EI‘S}.

sel; H, €1, beginning Haversian canal ; H. C,, complete

Haversian canal ; I, I, interstitial Jamellae; . 1., concen- They darc E.].WE-FE surrounded

tric lamellae ; Sh., Sharpey’s fibers. %
: by conceniric lamellae, or
layers of bone, of which the innermost is the youngest. Between these
Haversian syslems there aré irregular lamellae, called interstitial lamellae,
and sometimes a blood vessel runs through them, not surrounded by con-
centric layers. It is said to occupy a Volkmann’s canal. Transitions from
a Volkmann's to an Haversian canal are gradual, and are made not by a
change in the canal but by a rearrangement of the surrounding lamellae.
Coarse fibers may extend from the periosteum into the interstitial lamellae,
known as Sharpey’s fibers. They consist of more or less calcified bundles
of connective tissue fibers, including both white and elastic elements, though
chiefly the former. If abundant, the periosteum is most closely adherent
to the bone. They are absent from the Haversian systems. Besides the
interstitial and concentric lamellae, another set is deposited under the peri-

occur abundantly in adult

E
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osteum, parallel with the surface of the bone, the periosteal lamellae [outer
circumferential or outer ground lamelle]. If the bone is hollow, having a
marrow cavity, similar lamellae may be deposited over the inner surface of
the shaft by a formative layer called the endosteum. These lamellae are end-
osteal lamellae [inner ground or circumferential lamellae, marrow lamellae]
and they line the marrow cavity. The four sets of lamellae are shown in
Fig. 6z.

Lamellar bone i1s compact, differing notably from the spongy network
of trabeculae seen in the embryo. Com pact bone is found in the outer parts
of the long and flat bones and as a thin outer layer in short bones.  Spongy
bone is found in the interior of long bones, and of flat bones (where it is
called diploé), and it constitutes the greater part of short bones and epi-
physes. It is due in part to the persistence of the embryonic trabeculae,
and in part to the reduction

- Periosteum.

of compact bone to slender el
spicules through processes Sy
of absorption. Scarcely has Concentric
bone formed before portions e
of it begin to be resorbed.
: nierstitial

The osteoblasts disappear Intersiiia
locally and in place of them Endosteal
there are large irregular e
masses of protoplasm con- .
taining several separate nu
clei. The idea that these . -

— —r Fic, fiz.—Frosm A CROSS SECTION OF A METACARPAL OF
structures arise by the fusion Max. X 50

e Resorption line at &.

‘of several osteoblasts is not
———— = owom ] §
ac-::ﬁpted _the nuclei are thought to_arise by re # a

mass of pmtﬂplaam . which _enlarges !mL.dnn&As:tL_» ide. The form of
giant cell resulting is called an osteoclast, from its supposed function of
destroying bone. The osteoclasts, Fig. 6o, are often seen in hollows
which they are thought to have excavated in the ground substance, and
which are called Howship’s lacunge. There seems to be no satisfactory
evidence that the osteoclasts are the cause rather than a product of those
conditions which lead to the dissolution of bone. The process of resorp-
tion is of the greatest importance, since it prevents bones from
solid and heavy. While new bone is forming on the periosteal surface,
old bone is hemg dissolved, both around the marrow cavity and in the
deeper Haversian canals. This process produces most of the spongy bone
of the adult.

Reviewing the preceding paragraphs, it may be said that bone appears
first as strands of ground substance produced by osteoblasts derived from
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mesenchyma. The osteoblasts may be enclosed by the matrix which they
form, thus becoming bone cells. The trabeculae of bone produced in
this manner unite in a network, described as spongy bone. By the deposi-
tion of new layers or lamellae of bone, which conform with the surfaces
on which they are laid down, the spongy bone becomes compact. By
resorption of the inner part, the marrow cavity forms and parts of the
compact bone become spongy. It remains to consider the substances
and appearances of adult bone, and to describe the manner in which the
cartilages are replaced by bone.

The matrix of bone is at first uncalcified and soft, apparently homo-
geneous, but actually con-
sisting of cemented fibrils.
It consists chiefly of col-
lagen—the  gelatin-pro-
ducing substance, and of

. a mucoid called osseo-

Hoaai™  nucoid. Through it there

may be distributed fine

elastic fibers (said to be

e lacking in the bones of

substance.  the vertex of the skull)

besides the coarser con-

Periosteum. — pective tissue bundles of
Sharpey. Soon after this

organic matrix is estab-

Fatdrops. Jished,calcification begins

by the deposition of lime

s salts either in or between

bic = Ftow 4 [guampR Sicsion of A Hinin g1 Gibrila. " Oyer. o)

B s e e, AaHsisoincse | OF-fiE Tnorganic. maftes

15 calcium phosphate,

Ca,(PO,),, the remainder including chlorides, carbonates, fluorides and

sulphates of calcium, sodium, potassium, and magnesium. The proper-

ties of bone depend largely upon the intimate blending of the organic

and inorganic constituents, possibly in chemical combination. The two

parts may be separated, however. Acids remove the salts leaving the

organic portion as a flexible counterpart of the entire bone. Heat or

maceration may be employed to destroy the organic part. Microscopic

preparations are made in either way, but usually from decalcified bones.

All of the drawings thus far referred to were of such specimens.
The cross section of a decalcified long bone of an adult, Fig. 62,
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shows the periosteum on its outer surface. In favorable specimens it is.
seen to include an outer vascular, rather loose connective tissue layer,.
and an inner dense fibro-elastic layer, in which elastic_elements predom-.
inate. Into this layer the tendons are inserted, which means that they
blend with it and may contribute to the fibers penetrating the bone. The
innermost cellular layer of the periosteum has become reduced to oc-
casional osteoblasts. These may multiply after an injury; in young
individuals, if the periosteum is slit and the shaft of bone shelled out, they
Wﬂﬁ“‘ bone. The cross section further shows the contents
of the Haversian Ccma}ﬂ,, which include one or two blood vessels, and a
few connective tissue or fat cells.
Nerve fibers which are found in
the periosteum, where they some-
times terminate in lamellar cor-
puscles (page 107), have been de-
scribed as extending into the
Haﬁ.'q:rs;iau_ﬂarl__él_l::a;- “Th::y are not
easily detected there. Lamellae
may be observed as indistinct
layers. They are =aid to be due
to the differences in direction of
the fibrils which they contain,
as shown under polarized light.
They may also represent differ-
ences in texture, from variations
in the food supply at the time of
their formation. The lacunae
may appear either in or between

> Ty . Fia. fp.—CRross SECTION oF COMPACT BONE, FROM

the lamellae. ThL}‘ are nﬂari} 'r}:[-: SHAET OF THE HUMERUS, sHowixG THREE
. HAVERSIAN SvsTEMS AXD PART OF A FOURTH.

filled by the bone cells, which, (Shavpey,from Bailey's * Text-book of Histology.”')

however, are seldom well pre-

served. The cells are generally flattened, lj'll';lllLl with the lamellae, and
are provided with processes extending into the canaliculi. They do not
fill them and it is supposed that tissue fluids may circulate through the
lacunae and canaluuh Wandering blood cells are too large to enter them.

ls are limited to the superfici
The blood supply of bone is abundant. One or more nulrient arferies

enter a b;mg through its periosteum ¢nd break into branches which Iun.
in the sian canals, thus ex

in which _.Lhe;t_ta.mli;_fml}r The blood vessels and Haversian systems
are parallel with the long axis of the bone, so that they are cut across in
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lacuna to another, connecting the different Haversian systems, and opening
into the Haversian canals.

THE RErELATION OF BONE TO CARTILAGE.

Some bones develop quite independently of cartilage. These include,
besides the teeth, the so-called fw [intramembranous, connec-
tive tissue or secondary bones]. In the midst of the embryonic connective
tissue, spicules of bone
are formed in the man-
ner already described,
and they unite to form
a bone. The membrane
bones are the bones of
the face, and the flat _ Eniareed

cartilage Calcified
bonesof the skull;—the =" ™ At
interparietal or upper
part of the occipital, the
squamous and tympanic  Spicule of
Blood vessel calcified
PHItE Df the tcmporal, containing __ MakTix.
the medial pterygoid ARG R
plate of the sphenoid,
the parietal, frontal, b
IIB.SE’LI, lachr}'mal, Zygo- Etm%nﬂmu-
- AT ne.
matic (malar), and pal-
ate bones, together with L
the vomer, maxilla, and  Ferichon- 15[/ JFI
: dral bone, ! _ Perichon.
almost the entire man- dral bone.

dible. The remaining

bones, being preformed

in cartilage, are grouped

as cartilage bones [pri- : ‘ et

mary bones], They de- | Misoemask PHALANK OF & iosian Ferys Four MoxTas
OLD. 3 6o

velop like membrane

bones except that the matrix is in part deposited in contact with cartilage

in the following manner.

Fig. 65 shows a longitudinal section of a developing phalanx. On
either side of the shaft a strip of bone is seen, formed from undifferentiated
cells of mesenchymal origin, situated in the perichondrium. It is called,
perichondral or periosteal bone, and arises like membrane bone.. As a
whole, it forms a band encircling the shaft of cartilage. Within it, the
cartilage cells have enlarged, and divided so that several cells may be in

Periosteum, —+
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one lacuna. The lacunae also have increased in size. The matrix in
this region stains a deeper blue with haematoxylin than elsewhere, due
to the deposition of lime salts within it. On the left a cavity is seen ex-
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Frrus oF Four MoxTHs. % 220

cavated by the perichondral tissue. Several such buds of tissue will form,
invading the cartilage from all sides, and uniting in the center of its shaft.
The calcified matrix of cartilage dissolves before their advance, setting
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free the cartilage cells as the lacunae are broken down. This has occurred
in Fig. 66. The tissue which enters the cartilage is a vascular, embryonic,
connective tissue, containing osteeblasts,.and forming the primary marrow.
Meanwhile the cartilage has continued to grow, especially in length, and
the cells in the calcified region have divided so as to form rows. The
transverse walls of the lacunae are dissolved, leaving deep blue spicules
of calcified matrix extending from the ends of the cartilage toward its
center. Osteoblasts arrange themselves on these spicules and form bone,
the matrix of which stains red with eosin. It was formerly thought that

Haversian Endochondral  Perichondral
Periostenm. deprezsions. b, bBone.

Haversian canal.

Calcified matrix
by et endo-
chondral and
l:-erichmu:lm]
T,

Blood vessel.
Marrow.

Remaing of calei-
fied matrix of
cartilage.

N
Fic. 62.—Froa A Cross SECTION u:{;r:?}ﬁ‘wgtr-:-:sm- }?;1: Ihr:.:n:n-.'s. FroM A Four MowTHs
the cartilage cells set free by the absorption of the walls of the lacunac
became osteoblasts, but now they are considered as dying cells without
further function. The osteoblasts belong with the invading cells. As
seen in Fig. 67, both the perichondral bone on the surface of the cartilage
and the endochondral bone forming within it, develop like membrane bone.
As the bone grows, the older parts which have formed around the calcified
cartilage are resorbed, and in the shafts of adult bones probablv
no trace of the cartilage remains. In the ear bones, however, calcified



64 HISTOLOGY.

cartilage may be found throughout life. Fig. 68 shows a part of the
humerus of a fetus in which the calcified cartilage remains, forming in one
place a boundary between endochondral “and perichondral bone. The
vascular tissue within the shaft becomes marrow,—a reticular tissue
associated with fat cells, and having developing blood corpuscles in its
meshes, to be described later.

In brief review it may be said that cartilage bones are formed by the
deposition of perichondral bone on the outside of a hyaline cartilage,
and of endochondral bone upon the lining of excavations within the carti-
lage. The cartilage is not transformed into bone, although the matrix
in part becomes calcified and encased in bope. In the long bones this

process of ossification produces a shaft of bone tipped with a mass of

cartilage at either end, Fig. 69, A, B, C.
o
“
A
B

The shaft is the diaphysis; the cartilage
ends are epiphyses. At various times after
birth, or in the tibia shortly before birth,
osteogenic tissue invades the epiphysis and
gradually replaces its cartilage by bone.
A layer of epiphyseal cariilage between
the epiphysis and diaphysis, and a layer

—————
el

| of articular carlilage covering the joint
H surface persist longest. U_Iﬁl_a_du_lt_l.i_jp_
& e N the epiphyseal cartilage gr i -

ward the diaphysis, and the addition_as
= fastas it forms is replaced by bone. Thus

Firoc., 6.—PLAX oOF OSSIFICATION 1IN A

Loxc Boxg, BASED urox THE TiBla, the EEiEhlfseal cartﬂgga iﬁ an essgntial
Cartilage is drawn in black, and bone is gt 3

sppled. At artijcular cartilage; ep., provision for_the lengthwise growth.of

bongs. The epiphyseal cartilages be-

come entirely calcified at different ages in the various bones, generally
from 18 to 22 years, at which time the epiphysis is said to unite with the
diaphysis. After that the articular cartilages are all that remain of the
original cartilaginous structure which preceded the corresponding bone.

art-

THE JoinTs.

Bones may be joined in two ways, either by a symarthrosis which
allows little or no motion between them, or by a diarthrosis which permits
them to move freely upon one another.

In a synarthrosis the mesenchymal tissue between the adjacent bones
may become a dense connective tissue, either like a fibrous tendon or an
elastic ligament, thus forming a syndesmosis; or it may become cartilage,
usually of the fibrous type, making a synchondrosis. The sutures are forms
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of syndesmosis in which the serrate borders of bones are connected by
short fibrous ligaments. The intervertebral ligaments are synchondroses,
each consisting of a fibrocartilage which has at its center a soft mucoid
substance containing large groups of cartilage
cells. This nuclens pulposus is usually inter-
preted as the remains of the notochord, but
some consider that the notochord is entirely Ea
absorbed, making the nucleus pulposus an T
independent formation. The term ligament, it ss——7 S0
will be noted, is applied to bands of various e
sorts, fibrous, elastic, or cartilaginous. = '

In a diarthrosis the mesenchymal tissue
between the bones remains comparatively loose
in texture and a cleft forms in it, containing

% : T T FIG, s0.=PHALANGEAL JOINT FROM

tissue fluid. This is the joint cavity, Fig. jo. A Four Montas' FETus.
It is bounded by mesenchymal cells which ~s. 7. stratuo fbiomm; o &
spread out and form an epithelium, shown in e
Fig. 71. The epithelium may fuse with the articular cartilage so that the
latter, uncovered by perichondrium, forms a part of the wall of the joint

Fi1G, 71.—AN EXLARGED DREAWING OF THE LEFT PART OF THE JOINT SHOWN 1% FIG, 70,
b.v., Blood vessel ; car,, cartilage ; j. ¢., joint cavity ; mes. epi., mesenchymal epithelinm.

cavity. Articular cartilages are usually hyaline layers from o.2 mm. to
5 mm. thick, becoming thin at the periphery. The cells near the joint
are flattened parallel with the free surface, and some of the deeper of these

-
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stellate cells containing large nuclei. They may be spread in a single thin
layer, or heaped together, making an epithelium of three or four layers.
The synovial membrane may be thrown into coarse folds (plicae) or into
slender projections often microscopic (villi). The synovial villi, Fig. 73,
are variously shaped but are usually finger-like; they ordinarily contain
blood vessels and impart a reddish velvety appearance to the membrane.
The large folds of embryonic tissue projecting into the joint, but always
covered with the mesenchymal epithelium, may become dense fibrous
articular discs such as are interposed
in the sternoclavicular and mandib-
ular joints, or they may form the
fibrous cartilage-like menisci of the il o
knee joint. Nerves and blood ves- Framel ———2 1 2
sels are absent from the discs, men- o
isci, and labra glenoidalia.

Synovia [synovial fluid] is g4 7
water, the remainder being salts, DPentine
proteids, and mucoid substances,
together with fat drops and frag-
ments of cells shed from the mem-
brane. Sl

':l Crown.

TEETH.

A tooth consists of three parts,
crouwn, neck, and rool or rools. The
crown is that portion which projects
above the gums; the root is the part
inserted into the alveolus or socket
in the bone of the jaw; and the neck,
which is covered by the gums, is the
connecting portion between the root
and crown. A tooth contains a denfal o B ]
cavity filled with pulp. The cavity o | ‘jﬂ,t;.
is prolonged through the canal of the F'& M oo O g o OF &
root to the apex of the rool where
it opens to the exterior of the tooth at the joramen apicis dentis. The
foramen is shown, but is not labelled, in Fig. 74. The solid portion of
the tooth consists of three calcified substances, the dentine or ivory (sub-

Cement.

stantia eburnea), the enamel (substantia adamaniina), and the cement

(substantia ossea). Of these the dentine is the most abundant. It forms
a broad layer around the dental cavity and root canal, and is interrupted
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only at the foramen. Nowhere does the dentine reach the outer surface

of the tooth. In the root it is covered by the cement layer which increases
in thickness from the neck toward the apex; and in the crown it is enclosed
by the broad layer of enamel. The enamel, however, becomes thin toward
the neck, where it meets and is sometimes overlapped by the cement. The
pulp,dentine, and cement are of mesenchymal origin, the dentine and cement
being varieties of bone. The enamel is an ectodermal jormation, but so
intimately associated with the others that it may be described with them.
In the human fetus of about two months the ectoderm covering the
jaws is continuous with the entoderm lining the mouth and throat, as
shown in Fig. 75, and there is nothing to indicate where they join. To-
ward the front of the mouth, in either jaw, the epithelium sends a plate-like
prolongation into the underlying mesenchyma. This is called the dental
ridge. There is a continuous ridge parallel
with the circumference of each jaw, and that
it is entirely ectodermal is known from the
study of earlier stages when the oral plate is
still present. In the diagram, Fig. 76, at A, a
part of the ridge in the lower jaw and of the
oral epithelium from which it grows, is repre-
sented as free from the surrounding mesen-
chyma. The labial side of the ridge is toward
the left and the lingual side toward the right.
The ridge later produces a series of inverted

FiG. 75. ; ;

Part of a sagittal section of a human ~ cup-shaped enlargements along its labial sur-
rn1h1|:'[s'-o. to show the position of

the dental ridges. . R.: M, face and these become the enamel organs.
mouth ;  Md., mandible; My..

maxilla; N.. median nazal sep-  There is an enamel organ for each of the ten

tum; P., palate, ; - -
deciduons or temporary teeth in either jaw.

Within the inverted cups the mesenchyma becomes very dense, producing
in each a dental papille from which the pulp and dentine are derived. The
enamel organ produces the enamel, and perhaps controls the shape of the
tooth. The cement is derived from the surrounding mesenchyma.

Three stages in the formation of enamel organs and papillae are
shown in Fig. 76. The dental groove in C is a transient depression which
is relatively unimportant, In D the enamel organs are connected with
the dental ridges by slender necks of epithelial tissue which subsequently
become severed. At about eleven weeks all the papillae and enamel
organs of the deciduous teeth have formed. The permanent teeth develop
from similar organs and papillae which arise later; the first molars are
indicated at five months, and in embryos of six months (30-40 cms.)
all of the permanent front teeth may be found. Their enamel organs
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appear on the labial side of the deep portion of the dental ridge, as shown
in Fig. 77, but they are on the inner zide of the deciduous teeth. The
portion of the dental ridge which is not included in the enamel organs

Epithelium of the margzin Enamel Dental
of the jaw. DEEAIS, FTOOVE,

Dental ridge.

i
Papillae. bt

Enamel organs. Necks of cnamel organs.

A B G 1]

Fic. 6. —Diacgrams sHowiNG THE Earry DEVELoPMENT oF THREE TEETH, ONE OF
WHICH 15 SHOWH i VERTICAL SECTION.
k. Free horder of the dental ridge.

sends irregular projections into the mesenchyma and becomes perforated
and detached from the oral epithelium. Its remnants found in the gums
at birth have been mistaken for glands. A
portion of the ridge extends beyond the necks
of the enamel organs for the permanent teeth,
and this has been said to indicate the possibility
of a third set of teeth,—a possibility never real-
ized in mammals. The second and third
molars are formed from a dorsal or backward
extension of the dental ridge free from the oral
epithelium. The second molars appear in a

Fic. 77.—TEETH FrOM A Humax

child of six months, and the third or lafe molars L L

1 r T .and E. 0., E 1 £ of a
(wisdom teeth) at five years. T %u: latterare not  E-and B0 e
at the extremity of the dental ridge but are on e et it
the labial side of it, so that there is a theoreti- P.ypapilla:

cal possibility of fourth molars.

ENAMEL ORGANS AND ENAMEL.

The enamel organ is at first a mass of undifferentiated epithelial cells,
but soon it becomes divisible into three parts as shown in Fig. 78. The
inner enamel cells are applied to the dense mesenchymal papilla; the
outer enamel cells, continuous at the rim of the cup with the inner cells,
are toward the loose mesenchyma; and the enamel pulp fills the space
between the outer and inner layers. The outer enamel cells form a single
layer of cuboidal cells, with which some flattened cells of the enamel pulp
are in close contact. In later stages the layer appears as a feltwork of
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flattened elements. It is in close relation with the surrounding vascular
mesenchyma, but no blood vessels penetrate it. The enamel pulp is at
first a compact mass of ectodermal cells, but by peripheral vacuolization
or by the enlargement of intercellular spaces it forms a network con-
siderably resembling mucous connective tissue (Iig. 79). Its slender
fibers have been considered as elongated intercellular bridges. The inner
enamel cells form a single layver of cylindrical cells separated from the
enamel pulp by a cuticular plate, vet connecting with the pulp cells by
bridges. Beginning at the summit of the crown the inner enamel cells
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Inner enamel cells. Neck of the
enamel organ,

Free ed Fe_ of
the dental ridge.

Papilla.

Fic. 8. =FroM 4 Cross SECTION oF THE UrPErR Jaw, oF A HuMax EMBRRVO
FivE MoxTus OLD. 3+ 42

produce cuticular basal plates which become long and slender, and later,
calcified. They extend from the enamel cells toward the dental papilla.
These are the enamel prisms, and the cells which produce them are called
adamantoblasts [ameloblasts]. The formation of enamel prisms spreads
from the summit over the sides of the crown and neck, but although the
root is enveloped in the enamel organ, no prisms are formed there. The
inner enamel cells of the root flatten and by disappearance of the enamel
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pulp they come in contact with the outer cells. The two layers form the
epithelial sheath of the root (Fig. 86).

The adamantoblasts are columnar cells with elongated nuclei toward
their outer ends. (Since the enamel organ is an inpocketing of ectodermal
epithelium, it is clear that the basal surjaces of the enamel cells are toward
the mesenchyma, and the ouler surjaces toward the enamel pulp.)
Diplosomes have been found near the nuclei. There are terminal bars

Cuticular border. Enamel prisms. Cement substance.

Caleified . uncaleified dentine.

A \
) |1

1 %
. Enamel pulp. | Rectangle enclosing the portion
) Odontablasts. Pulp. of the tooth shown highly magm-
Oniter enamel cells. Inner enamel cells fied in the adjoining part of the
(adamantoblasis). fgure.

Fi1G. 70.—PoRTIoN OF A LONGITUDINAL SECTION OF AN [xcizor TooTH
OF A4 NMEWEBORN KITTEN. X 300

In this section the voung enamel prisms have been puiled out of their spaces in the cement snbstance.
(The cement of the enamel must not be confused with the cement which covers the root.)

and a cuticular border at the basal surface, toward which the protoplasm
contains granules which blacken with osmic acid. Between the cells
there is a cement substance. The long columns (prisms) which grow out
from the basal surface of the cells are likewise surrounded by cement
substance. The columns at first are not calcified [and are often called
Tomes’ processes]; they have a honey-comb structure and tend to split
into longitudinal fibers. They may connect with one another by wing-
like expansions. Later both the prisms and the cement substance become
calcified, the former increasing in diameter at the expense of the cement.
Eventually little (2-5 %) or no organic matter remains in the enamel.
The prisms extend across the enamel from its inner to its outer surface.
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As they increase in length the enamel layer broadens. Their course does
not remain straight. A vertical median section of the enamel shows in its
middle part (Fig. 81, c) alternating layers of prisms in cross and longitu-
dinal section. At the borders of these layers the prisms are in transition
from one layer to the other. At either end the prisms are said to be per-
pendicular to the enamel surfaces, but in the midst of their course they
bend laterally in opposite directions. Thus they reflect light in such a way
as to form alternating light and dark bands (Schreger’s lines) which cross
the enamel, and are related to the layers of prisms as shown on the right
of Fig. 81,c. The lines are seen in reflected light. Contour lines (lines
of Retzius) cross the prisms obliquely. They are due to pauses in the
enamel formation, and in poorly developed teeth especially they are planes
along which the enamel may most readily be fractured. Since they often

sV
s
Enamel prisms,
isalated.
FiiG. 8o.—~FroMm a CHILD Fic. 81.—a, Cross section of enamel prisms (after Stiihr): by
AT BIrTH, crass sections of ename] prisms (after Smreker); e, Middle
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canine tooth (after Killiker). On the right, seen in re-
flected light, it shows the light and dark lines of Schreger.

appear brown in sections they have been ascribed to pigment, but it is said
that they are air spaces in the cement. They tend to be parallel with the
outer surface of the enamel, on which, however, they terminate between
the little encircling ridges which may be seen with a hand lens. A few
contour lines but no ridges are shown in Fig. 74.

In cross section enamel prisms are shown in Fig. 81. They are from
3 to 6 g in diameter, sometimes five or six sided, but often are concave
on one surface and convex on the other, being grooved by the pressure of
adjoining prisms. They are said to increase in diameter from the inner
toward the outer enamel surface. Nodular enlargements have been
described, and transverse bands appear in isolated prisms treated with
dilute acid.

After birth the tooth pushes out through the tissue of the jaw in
which it is embedded, so that its crown becomes exposed. In this process
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of eruption the outer enamel cells and the enamel pulp are broken through
and disappear. That portion of the inner cells which is applied to the
enamel prisms remains as an uncalcified but very resistant laver about 1
thick, the cuticula dentis [Nasmyth's membrane]. It may be detached by
acids which dissolve the enamel but have little effect upon the cuticula.
The latter, however, yields readily to mechanical erosion, and is soon
worn away. The enamel is the hardest portion of the tooth, surpassing
the dentine which is harder than bone.

DENTAL PAPILLA AND DENTINE.

The dental papilla has already been described as a dense mass of
mesenchyma enclosed and probably moulded by the enamel organ. Tts
cells branch and anastomose, producing fibrils. The cells next to the inner
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enamel layer become elongated as shown in Fig. 82, A, and soon constitute
a simple epithelioid layer as in B. Between them there are groups of fibrils
which spread beneath the enamel layer. Calcarcous granules are de-
posited between the fibrils and produce the matrix of the dentine. The
elongated cells which are comparable with osteoblasts are called odonto-
blasts. Unlike the former they never become buried in the matrix, but
remain on its inner surface. Long processes extend from the odonto-
blasts radially through the dentine as seen in the isolated cells in Fig.
83. These processes are lodged in the dental canaliculi and are called
dental fibers [Tomes’ fibers]. As in bone the canaliculi have an incom-
pletely calcified lining which resists acids. [The canaliculi of the teeth
have therefore been described as bounded by Neumann’s membrane.]
They follow a wavy or spiral course from the outer to the inner surface of
the dentine, often being S-shaped as seen in median longitudinal sections.
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Their diameter increases toward the inner surface where it is from 2 to 4 pb.
Thev branch freely, as shown in Figs. 84 and 85, and terminate blindly
or by connecting with neighboring canaliculi. Sometimes they are pro-
longed into the enamel for a short distance; they may end abruptly as if
the terminal part had been destroyed or, in the permanent teeth, the
enamel may form knobs invading the dentine. Ordinarily the contact

between enamel and dentine is smooth.
The calcification of dentine begins shortly before the formation of

enamel and spreads from the crown over the neck and root (Fig. 86).
The calcified portion increases in thickness, and contour lines, indicative
of stratification, are sometimes seen. Near the enamel there are large
irregular spaces of uncalcified matrix which occur in the course of the
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1, Dental camaliculi, some extending into the enamel ; 2, 1, Dental canaliculi imterrupted by a stra-

dental globules projecting toward the interglobuiar tum with many small interglobular
spaces, 3. spaces, 2. 3, bone lacunas and canali-

culi.

contour lines if such are apparent. The spaces, which in section suggest
bone lacunae, are bounded by rounded masses of calcified dentine, and
are therefore called inferglobular spaces (Fig. 84). The reason for their
persistence is unknown. The interglobular spaces of the root are much
smaller and more numerous than in the crown. As seen in Fig. 85 they
occur in a layer of dentine not far from its outer surface, and because
with low magnification they appear as dots this layer is sometimes named
the “granular layer.” The compact dentine beyond it is closely joined to
the substantia ossea, their canaliculi having been said to communicate.
The epithelial sheath which bounded the dentine in early stages becomes
reduced to fragments, thus allowing the cement and dentine to unite.

The pulp of the adult tooth is a very vascular connective tissue of
embryonic type. It suggests reticular tissue since its fibrils do not form
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coarse bundles, and the cell processes remain evident. Elastic elements
are absent. The small arteries entering the apical foramen send capillaries
close to the odontoblasts, but they do not enter the dentine. There are no
lymphatic vessels in the pulp. The medullated dental branches of the
Dental sac.
——— i p—
Omter layer. Inmer knyer.

Outer enamel cells.

Enamel pulp.

Inmer enamel cells,

Enamel.

A ’ heath.

L P Epithelial
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Dresital papalla (future pulp). ot

Elood vessel. //

Bony trabecula of the lower j:lw..

Fie. 8. —LoxgITupINaL SECTION oF A DECIprors TooTH oF A NEweors Doc. X 42.
The white spaces beitween the inner enamel cells and the enamel are artificial, and due to shrinkage.

alveolar nerves pass through the foramen, lose their sheaths and form a loose
plexus beneath the odontoblasts, between which they terminate in free
“endings. Odontoblasts persist throughout the life of a tooth,and in case
of disease or injury they may deposit dentine as a reparative process.
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MUSCLE. ki
absent. It is a single layer serving as the periosteum of the cement on
one side and of the alveolus on the other and being intimately joined to both
bones by Sharpey’s fibers. It is named the alveolar periosteum [peridental
membrane]. Its numerous blood vessels are branches of those which enter
the apical foramen together with vessels from the gums and perhaps from
the mandible and maxilla. Its nerve endings are the ferminations of
branches from the dental and alveolar nerves. Lymphoid tissue has been
found in the gums, but apparently it does not extend into the alveolar peri-
osteum.
MUSCLE TISSUE.

Contractility is a fundamental property of protoplasm. Muscle cells
are those in which the contractile function has become predominant.
They are elongated cells containing fibrils parallel with their long axes.
By the shortening of these fibrillated cells muscular action results. Em-
bryologically muscles arise either from mesenchyma or from epithelium.
Mesenchyma produces two types of muscle, smooth (non-striated, involun-
tary) and cardiac (the striated, involuntary mus- =
cle of the heart). Mesodermal epithelium pro- QU{J i
duces one type, the striated voluntary skeletal = :
muscles, ordinarily called siriafed. In the in- E}CD '00 k
vertebrates ectodermal and entodermal epithe- ==
lia also produce muscle cells. In mammals the
muscle fibers of the sweat glands are generally o
recognized as ectodermal, and some in the iris g o

have been described as such; entodermal mus- mW@ﬁ cm.

cles have not been observed. %ﬁi@ﬁ = g
The three principal classes of muscles, ‘o =& ,;p,p
smooth, cardiac, and striated, may be described W, gﬁ;{ o o Lm
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Smooth muscle develops around the large E‘.‘;:ﬁ'ﬁ,”_f?.—h T~

lymphatic and blood vessels; around the intes- Fic. 55 —From 4 Cross Section
OF THE OESOPHAGUS OF AN

tinal canal, including the principal gland ducts 15 MM PiIG.

epl., Epithelium; b. m., basement

opening into it and the large respiratory tubes; membranc; ¢. ., connective
tissue; ¢. m., circular smooth
also around the bladder and ureters, the uterus muscle cut lengthwise; n. c.,
= : nerve cells; L m., longitudinal

and ducts of the genital system; and, finally, in RIGRIRErias S ERE AR

connection with the hairs, in the capsule of the spleen, and in other minor
places. In general terms, it forms the musculature of the viscera.

The development of smooth muscle may be studied in a cross section
of an 18 mm. pig embryo (Fig. 88). The stratified entodermal epithelium
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which lines the oesophagus, a part of which is shown in the figure, is seen
to be surrounded by mesenchymal tissue in which the smooth muscle cells
are being differentiated. There is a layer, c. m., in which the cells have
become spindle-shaped, and since they are parallel and close together,
they form a band encircling the oesophagus. Outside of this there is a
broader layer of elongated cells, 1. m., all running lengthwise of the oesoph-
agus and therefore cut across in this section. This layer of longitudinal
muscle passes into mesenchymal tissue on the outside. The figure illus-
trates that smooth muscle cells are elongated mesenchymal cells, gener-
ally parallel and ar-
ranged in lavers.
In the embryonic

stage they are con-

FiIG, 8g,—5) MuscLE FIEERS FE SMALL INTESTIN r
I, B MOOTH ILT::I-'K.J.I]-'!:;E? 1..l-u!"-lln_'l'lll-s SMALL INTESTINK T]E’Ci[.‘d ij} '[)I'Cllﬂ'

plasmic processes.

Smooth muscle cells in the adult may occur singly or in the form of
interlacing networks. Generally they are in layers and so closely packed
that separate cells are hard to follow. Moreover they often extend be-
yond the planes of the section so that only portions of them are included
in the specimen examined. If a piece of fresh tissue is treated with a
35 Y aqueous solution of potassium hydrate or 20 7 nitric acid, the cells
may be shaken apart, and appear as in Fig. 8g. They vary in length from
0.02 mm. in some blood vessels to 0.5 mm. in the pregnant uterus; in the
intestine they are said to be about 0.2 mm. Their width ranges around
o.c05 mm. (5 ). They are fusiform or cylindrical, '
rarely being branched as has been recorded for muscle LR
cells in the bladder, the ductus deferens, and the aorta ﬂ'ﬂ -
(Fig. 156, p. 131). m

The nucleus, situated near the center of the cell,
is cylindrical, with its chromatin in a network and in "e % = Nucier or
masses lining the nuclear membrane. In favorable prep- i
arations it has been observed to contain several nucleoli,
and a diplosome has been found just outside of its longitudinal border.
When the muscle cell contracts the nucleus shortens and may be bent
or spirally twisted, Fig. go. (Such nuclei have been interpreted as distor-
tions of resting nuclei caused by the contraction of neighboring cells.)

The protoplasm of the smooth muscle cells early produces coarse
fibrils called border fibrils [myoglia], since they tend to be at the periphery
of the cell. They are said to extend from cell to cell, which is made pos-
sible by the syncytial arrangement of mesenchyma. In one interesting
but unique instance, the fibrils from the mesentery of a salamander showed
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alternating light and dark bands, very distinct in photographs. The
fibrils of cardiac and striated muscles are always banded in this way.

Some investigators consider that the border
fibrils are the contractile elements. Others hold
that by their elasticity thev cause the muscle
cells to elongate after contraction, thus being an
obstacle to contraction. The elongation of the
relaxed muscles, either in the blood vessels or in
the intestinal wall, may be accomplished by the
pressure of the contents of these organs, or by the
elastic connective tissue which is outside of the
muscle cells. In the endoplasm of smooth muscle
cells, and thus surrounded by the border fibrils,
minute inner fibrils have been described and said
to be contractile. Among them is the unaltered
protoplasm. Where the fibrils diverge to pass
around the nucleus, that is, at the ends of the
nucleus, the granular protoplasm is most readily
distinguishable. In the intestine it has been
observed to contain pigment. Surrounding the
smooth muscle cells there is probably a delicate
cell membrane, but the nature of the structures
observed is still under discussion. The cell mem-
brane of a muscle cell iz called a sarcolemma ; its
protoplasm is named sarceplasm; and the entire
cell is called a muscle fiber. Fibril is applied to the
filaments within the fibers.

Smooth muscle cells are bound together so

Fic

. o —Fierous Tissve 1x
BELATION WITH SMOOTH
MuscrLe FiBers, FREOM THE
BLADDER oF A PIKE. (Aller
Frenant. )

Connective tissoe network :
f., p., f., nuclews, granular
protoplasm,and fibrillar pro-
toplazm af a muscle cell,

that they may act in unison. They may be joined end to end by the border
fibrils. Protoplasmic bridges have been described between them (Fig. g1).
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They are certainly closely invested by connective tissue membranes or net-
works (Fig. 92), consisting of white and elastic elements and extending from
cell to cell. These may be formed from the protoplasmic processes of the
mesenchymal muscle cells, or from distinct interspersed connective tissue
cells. Tissue spaces exist in this network between the muscle fibers.
The loose muscular coat of the blood vessels in the umbilical cord is a
particularly favorable place for the study of fibrous tissue in relation to
smooth muscle.

In ordinary sections the student should recognize smooth muscle
by the parallel arrangement of its cells, with which the nuclei correspond, -
and by the protoplasmic appearance of muscle substance as compared .
with fibrous connective tissue. In doubtful cases Mallory’s connective
tissue stain may be used, making the muscle substance red and the white
fiber blue. In cross section smooth muscle appears as in Fig. 3. Since
the cells taper the sections near their ends are smaller than the others.
Only those cut near their centers show nuclei. Between groups of muscle
3 cells there are generally bands of
4' A connective tissue containing lym-

o g phatic and blood vessels, and nerves
/' which terminate in contact with the
cells in a manner to be considered
later. In describing smooth muscle
the student should always record
whether it is circular, longitudinal,
or oblique in relation to the organ of which it forms a part. This relation
is independent of the plane in which the organ has been sectioned, and in
many small sections it cannot be determined from observation. He should
add the way in which the fibers are cut, whether lengthwise or across, and
this depends entirely on the way in which the sections happened to be made.
It can always be observed in the specimen. Thus in Fig. 88 the student
should observe an inner layer of muscle fibers cut lengthwise and an outer
layer cut across. If he knows that the inner layer of intestinal muscles
is generally circular, and the outer layer is longitudinal, he infers that
Fig. 88 is from a cross seclion of the oesophagus. If the oesophagus had
been split, the inner circular fibers would have been cut across and the
outer ones cut lengthwise. Being told that Fig. 93 represents the circular
layer of muscle, he can state whether it is from a transverse or a longitudinal
section of the intestine.

Connective tizsie

seplum.
o
Smooth muscle fibers)
i

and nuclei in cross » = -
section. ] -—-l

Fic. a3.—5SRcTioN oF THE Circurar MuscLe
CoaT OF THE HUMAR [NTESTINE. = S

Carprac MUSCLE.
Cardiac muscle begins as a mesenchyma with very broad protoplasmic
connections between its cells. This syncytial condition is retained in the

.
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- protoplasm; and (3) that they are parts of this network,

CARDIAC MUSCLE. . 81

adult, cardiac muscle being a network of broad protoplasmic bands, in
and near the centers of which nuclei are situated at irregular intervals

M iy (Fig. 94). The intercellular spaces
are reduced to clefts occupied by a
small amount of connective tissue,
which is either a part of the original

Mucleusof Nuclcusof  Intercalaped

amuscle a connective ilise,
fiber, tigsue cell.
FiG. gi.—FroM A LoNGITUDINAL SECTION OF Fi1G. 95.=PaART OF THE MUSCULAR SYRCVTIUA
A PariLiary MuscLE oF THE Husmax FROM THE HEART oF & Duck EMBRYO OF
HEART. 3 360 3 Davs, (A4 Herdenlrain, from MeMurrich’s

* Embryology. "'}

mesenchyma or a later ingrowth accompanying the blood vessels.

The protoplasm of cardiac muscle contains longitudinal fibrils. Early
in development they are few in number and situated
near the periphery of the bands of protoplasm. They
extend for considerable distances through the syncytium
regardless of cell arcas (Fig. g5). Their origin is a
subject for speculation. It has been suggested (1) that
they are bundles of ultra-microscopic melecular fibrils;
(2) that they develop by the coalescence of granules
in the hyaloplasm between the reticular network of

supposed to be retractile, which is irregularly arranged
in ordinary cells but which in muscle cells has acquired . . . .
rectilinear meshes. At first homogeneous, they soon f_"’[__’i;if;::-‘&j;ﬁ;sr
become marked by alternating light and dark bands.

They increase in number by longitudinal splitting. The protoplasm
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becomes nearly full of these fibrils, so arranged that their light and dark
bands appear to form continuous stripes across the muscle fiber (Fig. 94).
That the transverse striations are optical effects is shown by the readiness
with which they may be broken up by the separation of the longitudinal
fibrils (Fig. 96). The dark bands stain more deeply than the light ones,
which perhaps is not due to chemical differences but is because they are
denser, containing less water. In polarized light the dark bands are
““doubly refractive” or anisolropic and the light ones are “singly refrac-
tive’’ or isotropic.

The finer structure of the fibrils such as occur both in cardiac and in
the skeletal muscles, is shown in the diagram, Fig. 97. The light band
is bisected by a slender dark one said to be continuous from one side of
the fiber to the other, thus connecting the fibrils with one another. Since
such a transverse membrane is not present from the first it has been
suggested that it forms by lateral outgrowths of the fibrils. It is named
the ground membrane of Krause, and is always designated by the letter
Z. The light band is J. The large dark band seen with ordinary lenses

_?. n F

FlG. g7 —=IMAGRAM OF MUSCLE STRIATIONS,

The fibrils consist of alternating dark bands, q, and 11ghl bands, j. E is !.r11.| el l'n, the ground mem-
brane z, and q by the median membrane m. In the right ‘of The three muscle sepments shown
in the ﬁgum the bands, p, have been drawn, { The portion of j j between poand z is designated e, )

is called . It grows lighter toward its middle part where it is sometimes
crossed by the median membrane of Heidenhain, M. This is thought to
be similar to the ground membrane Z, but more delicate. The light
portion of () through which it passes is designated H. In some highly
developed muscles of insects a dark band N is found in J. It is of un-
certain nature. The fiber as a whole is divided by the ground membranes
which cross it, into a series of similar compartments called muscle segments
(sarcomeres). Additional sarcomeres may be formed at the ends of
muscle fibers; it has not been found that the median membrane can become
a ground membrane, thus producing two segments from one.

The contraction of muscles corresponds in its rate with the complexity
of the strizae. Thus smooth muscles which are non-striated contract
slowly. The more rapidly acting muscles of some invertebrates have
banded fibrils but lack the orderly arrangement which produces transverse
striations. The highest development of striated structure is perhaps in
the wing muscles of insects which contract with great rapidity. As the

|
1
1




CARDIAC MUSCLE. 33

muscle cell contracts it broadens, and shortens, even to one tenth of its
length when at rest (Prenant). The ground membranes approach one
another (Fig. g8). It has been said that by a transfer of light substance
to the dark the staining reactions are reversed, but this has been denied.
The retreat of the protoplasm into capillary spaces between the dark
fibrils has been described. The process is known to be most complex,
involving physical (electrical) and chemical changes which are but im-
perfectly expressed in the histological pictures. With: prolonged activity

the muscle nuclei are said to shrink
- and to stain less deeply.

In ordinary specimens of cardiac
muscles the student will obzerve only
the alternating light and dark bands,
with possibly the ground membrane
Z. On changing the focus the dark
bands may appear light and vice
versa, but in the proper focus for ad-
jacent nuclei and connective tissue,
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REp anp ToLwipid BLug. THE GROUND
MemprANES ARE LETTERED z. (Heiden-
tain. |

A. Contracted ; B, stretched ; €, uncontracied.
The dark bands are bizected by the light
stripes ( H), but they do not show the median
membranes { M.

the bands appear as has been described. At irregular intervals, in cardiac
muscle only, transverse lines of another sort may be found, called infer-
calated discs and formerly known as cement lines.

Intercalated discs are seen in Fig. 04, and as pictured by Prof. Heid-
enhain, in Fig. gg. He describes them as deeply staining plates almost
invariably not as wide as a muscle segment. The segment in the human
heart is 2 2, whereas the intercalated discs vary from 1 to 1.7 /. A disc
may extend straight across a fiber, or it may be interrupted so as to form
a succession of steps, usually from two to four. The discs are always
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connected with ground membranes. It may be said that here and there
within the cardiac muscle two successive ground membranes are closer
together than usual and the fibrils in crossing such an interval become
expanded and more stainable, thus making an intercalated disc. The
discs have been variously interpreted, for example, as locally contracted
segments; as lines where the fibrils are inserted and upon which they may
pull in contracting; or as places where the fibrils may grow to form new
segments, being comparable with the unbanded embryonic fibrils. The
older idea that they are cell boundaries, either cement lines, or protoplasmic
bridges, is supported by
the tendency of heart
muscle to rupture along
their course. They mark
off irregular spaces, how-
ever, some containing
more than one nucleus,
Capil- and others non-nucle-
i ated. Intercalated discs
should be distinguished
from the cut edges of

fiber, made where a
branch of the syncytium
extending toward the ob-
server, passed out of the
plane of section.
The nucleiof cardiac
: s : : o muscle are round or oval
"I.-‘:;:L-:_I E;E;.r::- :'."-:;?I:us ﬁgc:lriﬁzﬁr‘:?]:uﬁ ?tﬂtli:ﬁliinlﬂjrlli: an([ are fnund_ near the

connective  of : n'll:l-:s:'h:
L1550 EWR RS 42 REMET. T
e s central axes of the fibers.

Fie, 1o0.—FroyM a Cross SECTioN oF A PapinLary MuscLE As the fibrils sprcad out
oF THE Humax HearT, X 360, .

to pass around them,
often a considerable quantity of granular protoplasm may be seen, con-
taining fat droplets and pigment granules which increase with age. A
delicate membrane (sarcolemma) has been described as surrounding the
cardiac fibers, and in it the ground and median membranes are said to
terminate. Some of the clefts in cardiac muscle are protoplasmic (sarco-
plasmic) intervals between bundles of fibrils. Others, bounded by the
sarcolemma, are spaces which contain capillary vessels closely applied to
the muscle. Probably always a little connective tissue intervenes between
the vessel and sarcolemma. The connective tissue, which is more abundant
toward the surfaces of the heart, contains tissue spaces and the nerves

4
|
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which terminate in contact with the cardiac muscle fibers. Lymphatic
vessels are found in the larger lavers and bands of connective tissue, but
they end before penetrating between the separate fibers.

Although the cardiac muscle fibers form a network, they are in layers,
each having one general direction. Since the predominant direction varies
in different parts of a single section it is possible to find places where
the fibers are mostly cut lengthwise as in Fig. g4, and others where they
are cut across (Fig. 100). Here transverse bands and intercalated discs
cannot be seen. The nuclei surrounded by some protoplasm are near
the centers of the fibers. The fibrils cut across appear as dots which shift
about but do not disappear on focusing, since even in thin sections they
are not granules but short perpendicular rods. They are arranged in
radiating lines, or in clumps known as muscle columns.  Close to the inner
lining of the heart the muscle fibers may be imperfectly developed, con-
taining only a peripheral ring of fibrils. These fibers (of Purkinje)
are abundant in the sheep but are infrequent in man.

COMPARISON OF MESENCHYMAL MUSCLES.

Smooth muscles are slender mesenchymal cells containing contractile
fibrils which are not banded. The cells, surrounded by a fibro-elastic
network, are generally closely associated in layers. If the border fibrils
actually pass from cell to cell, as has been said, then smooth muscle, like
other muscle, is syncytial in nature.

Cardiac muscle is a syncytium of mesenchymal origin, consisting of
broad approximately parallel branches. It contains banded contractile
fibrils not limited by cell areas. It is distinguished from smooth muscle
by its cross striations and by the width of its fibers; and from striated
(voluntary) muscle by its mesenchymal origin, the branching of its syncy-
tium, the central position of its nuclei, and the possession of intercalated
discs.

STRIATED MUSCLE,

Striated muscle, as the term is ordinarily used, does not include the
striated cardiac muscle, but only the striated muscle which develops from
the epithelium of the mesodermic segmenis [protovertebrae]. The segments
form a series of paired masses of cells found on either side of the medullary
tube. They have been briefly described on page 22. At first they are
epithelial structures bounding a part of the coelom or body cavity. Later
they lose their connection with the coelom (Fig. 21) and become rounded
masses of cells, each mass enclosing a cavity. From the median side
of the segment, near its ventral border, a stream of mesenchymal cells is
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given off, which surrounds the notochord and produces the vertebral
cartilages and intervertebral discs. It also extends around the medullary
tube. This stream of cells is called the sclerotome. The rest of the seg-
ment becomes flattened and plate like, by the approximation of its lateral
and medial walls. Thus the central cavity is obliterated. Fig. ro1, 1,
shows a cross section of such a segment. Its medial layer is called the
muscle plate or myotome. Here the cells multiply rapidly by mitosis and
become elongated lengthwise of the embryo. They are called myoblasts
and become the striated muscle cells. The lateral layer of the segment,
named the cutis plate or dermatome, was supposed to form only mesen-
chyma which became the deeper part of the
skin. It also forms striated muscles, however,
and in the pig it is said to be concerned only
with muscle formation. The elongated cells
of the myotome become separated from one
another by mesenchyma, containing blood ves-
sels. Thus the myotome is subdivided into
layers and groups of cells which shift about
in various directions to become the skeletal
muscles of the adult. The mesenchyma around
them forms fascia and tendon, and connects
with the periosteum which is often derived from
the sclerotome. In the adult some of the mvo-
tomes remain quite clearly defined; thus the
Fic, w1 — Turee Mesoveswic  muscles of each intercostal space are derived

SEGMENTS PFROM AMPHIEIAN

(Sikepox) Emmevos, or Suc-  from a single mesodermic segment, the ribs
CHESSIVELY JLDER STAGHS,

(Diagrams aiter Maurer. ) ]'I.H-Vil'lg dEVEIOPEd between them. In the ab-
m., Muscle plate; e.. cutis plate; B
the former is resolved intomus-  dominal muscles several segmentﬂ have f‘l.lSEd.

cle fibers, m. f,, the latter in 3
part into muscle fibers and n  The muscles of the limbs are supposed to
' arise from myoblasts which have migrated into
them from the myotomes of the adjacent body wall. Apparently they
come directly from mesenchyma. All the striated skeletal muscles, how-
ever, are believed to come directly or indirectly from the epithelium of the
mesodermic segments.

In cross section the myoblasts are of rounded outline (Fig. 102),
bounded by a delicate cell membrane or sarcolemma. This membrane
is in close relation with processes from the adjacent mesenchymal cells
and it has been said that the well defined sarcolemma of the adult is
essentially a product of such cells. The myoblasts consist of granular
protoplasm (sarcoplasm) with coarse fibrils near the periphery and nuclei
in the central part. In a given cross section the nuclei of many of the
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myoblasts will not be included. In becoming muscle fibers the myoblasts
increase to a diameter of from 10 to 100 . The fibrils multiply by longi-
tudinal splitting so as to form groups of fibrils, or muscle columns, which
in cross section are called Cohnheim’s areas. Fig. 103 shows four adult
muscle fibers cut across, in all of which Cohnheim’s areas are distinct.
Often such areas are not distinguishable, however, and when present they
may appear as though due to shrinkage. Between the areas is the sarco-
plasm which may show “interstitial granules” of fat or lecithin. The
nuclei of striated muscle fibers, not seen in the figure, are usually flattened
and close to the sarcolemma. The fibers just described belong to the
pale or white type. In the dark or red form the protoplasm is more
abundant and granular, the diameter is less, the fibrils fewer, and the
nuclel may be central or imbedded among the fibrils. Clearly this type

Bundles
of fibrils
(Cohnheim’s
ATeas ).

Connective tissue.
FiG. 1oz, —CRosSs SECTION OF MYoBLASTS Fi1G. 103, —Cross SEcTioN oF Four MoscLeE FIBERS
AND MESENCHYMAL CELLS FROM AN oF THE Husmax Vocal MuUSCLE., X 500,

18 aman. PiG.

mes., Mesenchymal cell; L, fibril; n., nu-
clens: 5., sarcolemma, of a myoblast.

is intermediate between the myoblast and the pale form. The dark fibers
contract more slowly than the light ones, but are less easily fatigued.
They are found in the ocular muscles and in those of mastication and of
respiration. In some single muscles both types with intermediate forms
may be observed. Ordinarily striated muscle is of the pale type.

The mesenchyma surrounding the myoblasts becomes connective
tissue. It envelops each fiber as shown in Fig. 103, and in progressively
wider bands it surrounds small bundles of fibers, large groups of these
bundles, and the entire muscle as shown in Fig. 104. The connective
tissue layer which covers the whole muscle is the external perimysium;
its prolongations into the muscle form the infernal perimysium. It

contains fine longitudinal elastic elements and sometimes fat, chiefly in

the outer layer. FElastic substance is particularly abundant in the dia-
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phragm. Lymphatic and blood vessels and

nerves extend through the

perimysium. The lymphatic vessels end before reaching its smaller
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- Muscle
handles,
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subdivisions. Capillary blood vessels are found between the individual

fibers, with which they tend to be parallel.

The nerves, chiefly motor,

terminate on the fibers. Sensory nerves are associated with the muscle

Muscle fiber. Connective tissme,

Connective tissue, o

Cross section Muscle fibers  Nucleus Nucleus of the
of nerve, of the of the  sarcolemma,
spindle. perimysiom,
F16. 105.—THE MUSCLE SFINDLE sHows I8 FIG, 104. 3 240,

spindles (Figs. 104 and 105)
which in cross section are
small groups of slender
fibers, containing many nu-
clei. (For further descrip-
tion see page 103.)

Since adult striated
muscle fibers attain a length
of from s0 to rzo millime-
ters, complgte longitudinal
sections of them are seldom
seen. A single fiber contains

very many nuclei (scores or perhaps hundreds), generally flattened oval
structures just inside the sarcolemma. Sometimes the nuclear membrane
is indented by the adjacent fibrils. - The sarcolemma is most clearly seen
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in fresh fibers within which the fibrils have been ruptured and have drawn

away from the membrane (Fig. 106).
considered elastic.  These fibers arise from myo-
blasts which at first have single nuclei within
their central portions. As the cells elongate their
nuclei divide rapidly, at first by mitosis and later,
it is said, by amitosis. It is generally denied that
the adult fibers are due to a fusion of myoblasts.
The first fibrils are homogeneous structures at the
It has been observed that
the activity of certain muscles in living embryos
begins at the time that their fibrils appear. As
the fibrils multiply and fill the cell the nuclei
migrate toward the sarcolemma.
which have been described under cardiac muscle,
are most perfectly developed in the voluntary mus-
cles. All that can ordinarily be seen of them,
however, is shown in Fig. 107, namely, the alter-
nating dark and light bands, the latter bisected
by the ground membrane. Sometimes, though
rarely, as a result of treatment with alcohol the
muscle fiber breaks into transverse discs, called
sarcous elements, each having the thickness of a
muscle segment. These elements are single layers
of cuboidal blocks, one for every longitudinal fibril,
and these blocks may separate from one another.
Neither the elements nor their small pieces are
now considered significant.

The extremities of the muscle fibers are
rounded or conical, the end toward the tendon
being more obtuse than the other. Near the tendon
the fiber contains many nuclei both peripheral
and deeply placed. They divide by amitosis and
provide for lengthwise growth of the fiber. Con-
nection with the tendon is established by the peri-
mysium which is continuous with the tissue of the
tendon. The sarcolemma ends with the muscle
substance. Such striated muscle fibers as are in-
serted ‘in the skin or mucous membranes may be
pointed or branched (Fig. 108). Their perimysium
is prolonged in the form of elastic fibers which
blend with the surrounding connective tissue.

periphery of the cells.

The striations
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The diameter of muscle fibers is greater in large animals than in
small ones; it is increased by functional activity; and varies with the
general nutrition so that the caliber may become perhaps trebled. It is
doubtful, however, if any new striated muscle fibers develop in the adult.
Some have said that they are constantly being worn out and that new ones
form to take their places, developing from latent myoblasts. It seems
to be generally considered that the formation of new fibers ceases in the
embryo; muscle destroyed by injury is not restored in the higher animals.
The origin of muscle fibers by division of those already formed, rather
than by the development from myoblasts, is also generally denied.

Striated muscle occurs not only in the muscles of the limbs and body
wall, but also in the ocular and ear muscles, the diaphragm, the tongue,
pharynx, larynx and upper half of the oesophagus, and in parts of the
rectum and genital organs.

NERVE TISSUE.

Irritability and conductivity have already been mentioned as funda-
mental properties of protoplasm. Response to particular irritants be-
comes the chief function of certain cells. Thus some cells in the eye are
differentiated to react to light; some in the ear respond to sound; the
taste cells of the tongue and olfactory cells in the nose are affected by
solutions; tactile cells are influenced by pressure, and muscle cells contract
at the stimulus of the nervous impulse. The effects of irritation may
be conveyed from one part of the cell to another through its power of
conduction. Thus witen a muscle fiber is stimulated at one point, a wave
of contraction may be transmitted along its whole extent; or when an
olfactory cell is stimulated, the effects may be conveyed through a long
fiber-like basal prolongation toward the brain. For the purpose of
connecting these particularly irritable cells there exists a specially modified
median longitudinal tract of ectoderm, the nervous system. Some of its
cells send out slender prolongations, know as nerve fibers, to meet the taste
cells, the auditory cells, the processes of the nasal cells, the cells of the
muscle spindles or the epithelial cells of the skin, and to branch in contact
with them. The effects of stimulating the various irritable cells enumer-
ated, are conducted along these nerve fibers back to the central nervous
tract. Such fibers as convey peripheral stimuli to the central system are
called afferent or sensory fibers; they are the outgrowths of sensory cells.
Another set of nerve fibers grows out from the central tract and branches
in contact with muscle cells, smooth or striated. Since they transmit
stimuli which cause the muscles to contract they are called motor fibers, and
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the cells of which they are a part are the molor cells. The effereni fibers,
or those which bear impulses from the central tract to the periphery, in-
clude the motor fibers, and also some which pass to the epithelium of glands
to control their activity. Besides the afferent sensory and the efferent
motor fibers there is a third set of commissural cells and fibers, serving to
connect the other two. Sensory and motor cells may connect without
the intervention of commissural cells, thus providing a path for the simplest
form of unconscious reflex action, but often one or more commissural
cells are interposed and the brain consists essentially of these cells. As
the nervous impulse is transferred from cell to cell, being further removed
from the primary stimulus, it is suggested that it becomes “more sub-
jective and personal.” '
The nervous system, then, is a median longitudinal tract of ectodermal
cells, divisible into afferent (sensory), efferent (motor), and commissural
cells. The sensory and motor cells send out processes or fibers, which
in bundles called nerves extend through the mesenchymal tissue to all
parts of the body. The central tract is called the central nervous system
and consists of the brain and spinal cord. The nerves constitute the
peripheral nervous system. Associated with the nerves there are clumps
of nucleated bodies of nerve cells, known as ganglia. The afferent and
efferent fibers to the viscera and blood vessels, together with numerous
ganglia, constitute the sympathetic nervous system. The nervous system,
therefore, is composed of central, peripheral, and sympathetic portions.

DEVELOPMENT OF NERVE TISSUE.

THE CENTRAL TrACT. The ectoderm in an early stage forms a flat
layer covering the embryo (Fig. 109 A). Along the axial line and extend-
ing on either side of it, the ectoderm thickens to form the medullary plate.
The plate becomes depressed so as to make a longitudinal groove, the
medullary groove [or neural groove] (Fig. 109 B). The dorsal edges of
the groove come together and fuse, transforming it into the medullary [or
neural] fube (Fig. 109 C). Thus the tube becomes separated from the
general layer of ectoderm which is to form the epidermis. This medullary
tube is the central nervous system. In its anterior part the cavity is trans-
formed into a series of connected dilated spaces or wemfricles, and its
walls become very thick, thus forming the brain. The posterior part
makes the spinal cord; its walls are less extensively but more uniformly
thickened than those of the brain, and its cavity remains small, becoming
the central canal. This canal is continuous with the ventricles of the
brain and a line of division between the spinal cord and brain must be
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arbitrarily drawn. The relations of the medullary tube to other structures
in the embryo have been shown in Figs. 19—-21, p. 19—22.

Fic. 109, —THE DEVELOFMENT OF THE NERVOUS SYSTEM AS SHEN IN CR0ss SECTIONS OF RABEIT
Exmeryvos: A, 7% Davs: B, B Davs; C,q Davs; D, 1ol Davs; E, 14 Davs,
€. €., Central cavity ; d. r., dorsal root; d. ra., dorsal ramus; gp., ependymal laver; g.c., ganglion cells;

g. I., gray layer; m. g., medullary groove; m. b, meduollary tube ; o. b., oval bundle; s g., svmpathetic
&TIII?I\:TIF::MS ;l..}'!i.:;.h]rlhﬂl ganglion ; %, ra., svmpathetic ramus ; v. r., ventral root ; v, ra,, veniral ramus ;
TaE Spivarl Gawncria. At about the time when the medullary tube
separates from the epidermal ectoderm, some cells which are detached
from its median dorsal portion pass down on either side of the tube, as
shown in Fig. 109 C and D. Through mitotic division these cells ac-
cumulate in paired masses corresponding in number with the segments
of the body. They are the spinal ganglia. A typical cell of a spinal
S o ganglion is at first round, but later becomes
faeit i bipolar by sending out two processes, one

Pl ' toward the periphery and the other toward
' the medullary tube. These processes grow
out from opposite sides of the cell (Fig. 110).
With further growth the nucleated cell body
passes to one side of its prolongations, with

Fm'-afq'.?' Fivor ok Fonus rrow s ¢ which it remains connected by a slender stalk.
R These T-shaped cells are characteristic of

the spinal ganglia. The fibers which grow toward the medullary tube
enter its outer part and fork, sending one branch toward the brain and the
other down the cord. There are many of these parallel fibers extending
toward the brain so that they form distinct bundles, one on either side of
the cord, known as eval bundles (Fig. 109, E). Since they receive acces-
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sions of fibers from every spinal ganglion, they enlarge as they approach
the brain. The fibers of the oval bundle branch freely at their termination
and also give off collateral branches along their course, which enter the
deep substance of the cord. The peripheral fibers from the spinal ganglia
elongate through the mesenchyma, and terminate in branches applied to
cells in the skin or muscle spindles, in ways to be described presently.
The fibers of the spinal ganglia are essentially afferent or sensory, and they
proceed from sensory cells.

TeE VENTRAL Rootrs. The efferent, motor fibers arise chiefly from
cells, the bodies of which remain within the central nervous syvstem. Each
of these cells sends out one long process called a neuraxon (axone). The
neuraxons of the motor cells leave the spinal cord, near its ventral surface,
in bundles which are
segmentally arranged
so that they corre-
spond with the spinal
ganglia. A bundle of
motor fibers joins a
bundle of peripheral
fibers from a spinal
ganglion to form a
spinal nerve. Every
spinal nerve conse-
quently has a dorsal
(senmsory) roof, and a
vm;fﬂ; (mutorj root. Dhiagram of the spinal cord, showing a motor fiber, & a sensory fiher,
The fibers from the !:]':-l:_"rlt ‘;F:I_Hgl_t:l!i?;;l":’;l‘;“;::;;;“l‘i.ll?lil.1-.]."”-- d; from the brain; coll., collateral
two roots travel in the
same connective tissue sheath, but otherwise they remain entirely distinct.
The motor fibers terminate in contact with muscle cells. Soon after a
spinal nerve is formed by the junction of its roots, it divides into a dorsal
ramus and a ventral ramus (Fig. 1009, E). These rami are mixed nerves
(containing both sensory and motor fibers) and supply the skin and muscles
of the back and of the lateral body wall respectively.

Within the cord the motor cells send out a large number of com-
paratively short branching processes called dendrifes. By means of the
dendrites the motor cell is put in communication with the collateral fibers
of the sensory cells, and with fibers of commissural cells coming either
from other parts of the cord or from the brain. This arrangement is
shown in the diagram Fig. 111. A painful stimulus transmitted along the
sensory fiber, b, passes through the spinal ganglion into the cord. Through

FiG. 111,
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collateral branches it may be transmitted to the motor fiber, @, causing a
muscle to contract involuntarily. This is the reflex path. Or the stimulus
from b may be conveyed to the brain along the fiber ¢, and be transferred
to commissural cells of which d is a fiber extending down the cord. This
also may stimulate the motor cell a, causing the muscle to contract volun-
tarily. :

The terms dendrite and neuraxon are of wide application. A nerve
cell generally has a single process which differs from the others in being
clear, non-granular, and sharply defined, often becoming very slender
soon after leaving the cell body. It may have collateral branches, usually
given ofl at right angles, but except at its termination its branches are
relatively few. It conducts impuises away jrom the cell body. This process
is the neuraxon. The dendrites, which develop later, appear as granular,
protoplasmic processes. They fork and branch freely, giving the cell a
great extent of exposed surface. They may serve in obtaining nutriment,
as well as in providing many opportunities for contact with the processes
of other nerve cells.. Dendrites conduct impulses toward the cell body.
In the sensory cells of the dorsal ganglion the single peripheral fiber is a
dendrite of unusual form, and the fiber entering the cord is the neuraxon.

Tue SympaTHETIC SySTEM develops chiefly from the wisceral or
sympathetic branches of the spinal nerves. A spinal nerve typically
has one such branch, extending ventrally and medially toward the aorta,
and ending in a clump of nerve cells (Fig. 109 E). These cells, which
constitute a sympathetic ganglion, are considered to have migrated along
the nerve bundles from the spinal ganglion, or possibly from the spinal
cord: They multiply by mitosis. The successive ganglia become con-
nected by longitudinal nerve fibers so that they form two sympathetic
trunks (or cords), one on either side of the vertebral column. The ganglia
of the sympathetic trunk are cervical, thoracic, lumbar and sacral. There
are only three cervical ganglia, probably because some in this region have
fused. In the adult the sympathetic ganglia are each usually connected
with the spinal nerves by two bundles of fibers, the white and gray rami
respectively. The smaller gray ramus is said to convey fibers from the
‘ganglion to the spinal nerve. These rami may be subdivisions of the orig-
inal visceral branch.

Besides smaller branches from the three cervical ganglia to neighbor-
ing vessels and organs, each of these ganglia sends out a large cardiac
nerve, the branches of which unite to form the cardiac plexus. From
this plexus and the associated cardiac ganglion the fibers continue to the
heart muscle which they innervate. In the lower thoracic region the
ganglia of the sympathetic trunk send out nerve bundles which unite to
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form the splanchnic nerves. These pass along the sides of the aorta, in
front of which they form a large plexus, the coeliac [or solar] plexus, as-
sociated with which is the ceeliac [or semilunar] ganglion (Fig. 112).
A plexus is a net of nerves which allows a transfer of fibers from one
bundle to another; the individual nerve fibers probably do not anastomose.
In the sympathetic plexuses there are usually nerve cells, called ganglion
cells, often found at the angles of the network. In contact with them
the nerve fibers may terminate. When these cells are very abundant
the plexus becomes a ganglion. From the coeliac ganglion, fibers pass
into the intestine and form a ganglionated plexus between the muscle
layers, called the mvenferic plexus. Branches from it innervate the
muscles and pass on to make another plexus under the intestinal epithelium,
the submucous plexus. Finally they come very
close to the epithelium itself.

All of the nerve cells of the sympathetic
system are believed to be ectodermal, and de-
scendants of those which migrated from the
spinal ganglia or central nervous system. All
the sympathetic nerve fibers are processes of
such cells, and they are found forming plexuses
around the blood vessels and organs, including
those of the intestinal tract, the bladder, kid-
ney, suprarenal gland and spleen. Two fea-
tures of the sympathetic system seem funda-

Fic. 112,

mental; their ibers SUPP]-F the vis,cerar’ and the}r Diagram of the sympathetic system

in its relation to the intestine,

1 1 : int.; A.. i ; - ., spinal
are so connected with peripheral ganglion cells e o S s e
that they act more or less independently of the g L. ganghon g the s

Nerve: cog, g., coeliac ganglion ;
my. pl.. mventeric plexus; sbm.
pl., submucous plexus.

central nervous system. :

THE CEREBRAL NERVES. The nerves con-
nected with the brain are not a series of, similar structures like the spinal
nerves. Four of them possess only ventral motor roots. Four others have
dorsal sensory roots provided with ganglia, and laferal motor roots. Lateral
roots emerge just ventral to, or beneath the dorsal roots. Their fibers are
the neuraxons of cells, the bodies of which remain within the central ner-
vous system. Lateral root fibers occur as far down the cord as the sixth
cervical ganglion. Instead of entering the corresponding cervical nerves,
however, these fibers unite to form a bundle which passes along just outside
of the spinal cord, through the foramen magnum into the skull where it
becomies the accessory portion of the vagus nerve. Below the sixth cervical
ganglion the lateral root elements have not been demonstrated. (It has
been suggested that they pass out in the dorsal roots, and that they form
parts of the ventral roots.)
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In the diagram Fig. 113, based upon the nerves ina 12 mm. pig embryo,
the roots, ganglia, and fundamental branches of the cercbral nerves are
indicated. ‘The ventral roots have been shaded by lines. The hypoglossal,
abducens, trochlear and oculomotor nerves are ventral roots only, the first
going to muscles of the tongue and throat, the uthcr‘thrf:u supplying
muscles of the eve. The trochlear nerve is unique in having its neuraxons
pass to the upper side of the brain and cross to the opposite side before
emerging. Four cerebral nerves are mixed, consisting of dorsal and lateral
roots. Beginning posteriorly these are the wagus (its motor part being

Fic. 113.—Tue CrRrREERAL NERVES OF 4 12 MM, Pic, NAMED I1¥ THE ORDER OF THEIR OCCURRENCE
BEGINKING ANTERIGRLY, WITH THEIE GANGLIA AND CHIEF BRANCHES.

M factory (not developed). @pfie (ibers in the sialk of the eve, ihe lens of which is marked L. ewlo-
mofer (0e.). Frecklear (Tr.l.  Frigesival,—semilunar ganglion (§.-1.); ophthalmic (aph.), maxil-
lary (mx.) and mandibular (md.) branches.. Afducens (Ab)).  fafermedies, —penienlate ganglion (g.):
large superficial petrosal (1. &, p.). chorda tympani ieh. ty. ), and facial ifa.) branches, Adconsfic rf,m,
its ganglion being later divided inte a vestibular ganglion, and a spiral ganglion. It sopplies the
atocvst (0L},  Crlossophkarynersal.—superior (8.) and peirosal (p.) ganglia; tympanic (L), lingual
(L r.) and pharyngeal (ph. r.) branches, Fagus,—jugular (j.) and nodose (p,) ganglia ; auricoiar (au.)
amd laryngeal branches, rec. being the recurrent nerve ; l|lll." main stem proceeds to the stomach.  Tts
accessory portion has an external ramus (ex.). Ayvpoglossal (Hy.). Froriep's rudimentary hypo-
glossal ganglion (F.) sometimes sends fibers to the hypoglossal nerve, g1, ¢.2, 2.3, cervieal nerves,

called the accessory nerve), the glossopharyngeal, the intermedius (its motor
part and its largest branch forming the facial nerve), and the frigeminus.
In the diagram the lateral roots are in solid black and the dorsal roots are
not shaded. The accessory nerve is seen passing up the spinal cord to
join the vagus. A part of its fibers turn aside in the external ramus, ex,
to supply the trapezius and sterno-cleido-mastoid muscles; others remain
with the vagus to supply pharyngeal muscles, and to pass down the body
to the stomach. The vagus and theglossopharyngeus each have two ganglia,
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one above the other. The lower ganglia occur near the epidermis of the
embryo in positions said to correspond with the epibranchial sense organs
of fishes. These organs do not develop in man, but the ganglia are
permanent structures. Closely united with the geniculate ganglion of
the intermedius is the ganglion of the acoustic nerve. The latter is a
purely sensory nerve to the ear. By some comparative anatomists it is
considered a part of the intermedius. In the trigeminus it is to be noted
that the lateral root joins the mandibular division only. The peculiar
optic and olfactory nerves will be considered with the sense organs.

The sympathetic system in the head supplies the smooth muscles of
the blood vessels and iris, together with parts of the pharyngeal mucous
membranes and the salivary glands; it sends fibers into the periosteum.
The plexuses around the large blood vessels are continuous with the
sympathetic plexuses of the neck. Although the cerebral nerves do hot
have any regularly arranged sympathetic or visceral rami, all of them,
except the olfactory, optic, and acoustic, are said to communicate with
the sympathetic system. In the head there are four sympathetic ganglia,
the ciliary, sphenopalatine, olic and submaxiliary, all of which are connected
with the trigeminal nerve. They develop later than the semilunar ganglion
from which their cells may migrate. The sphenopalatine, otic, and sub-
maxillary ganglia are also connected with the intermedius and may receive
cells from the geniculate ganglion. The otic further receives the continua-
tion of the tympanic branch of the glossopharyngeus.

STtrUCTURE OF NERVE TISSUE.

In the following sections the structure of nerve fibers and of nerves
will be considered first; then the sensory and the motor endings; next
the ganglia, spinal and sympathetic; and finally the spinal cord as illus-
trating the tissue of the central nervous system.

NERVE FIBERS. The peripheral processes of nerve cells generally
appear as slender homogeneous strands varying in diameter. The smallest
are found in connection with the sympathetic system and near the termina-
tions of the spinal nerves; the largest fibers.are the portions near the cord
of those which have the longest course. There is no characteristic differ-
ence in diameter between sensory and motor fibers.

With special methods it has been clearly shown that the nerve fiber
consists of longitudinal fibrils imbedded in a protoplasmic newroplasm.
The fibrils begin in the cell body. At the origin of the neuraxon they may
appear as if gathered into one coarse stiff fibril which distally is resolved
into a bundle. The fibrils are supposed to divide but presumably they
do not form networks. When the fiber branches the fibrils separate into

7
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corresponding groups. They are considered to be the essential conducting
element of nerves, but it is known that conduction occurs in protoplasm
in which fibrils cannot be demonstrated.

As the fibers in the embryo grow out from the central nervous system
they form bundles, in and around which there are numerous nuclei.
Opinions differ as to whether these nuclei belong with the mesenchymal

cells through the meshes of

— =m=——==——=——  which the nerve is growing,

or with ectodermal cells car-
s A L G R ried along from the spinal
ganglia or cord. In either
case they are called sheath cells, and are “so closely applied to the fibers
that it becomes a matter of judgment to decide whether the fibrils are sur-
rounded by or imbedded in the sheath cells.” Therefore some writers
have thought that the nerve fiber was not the outgrowth of a single cell,
but was produced by the end to end anastomosis of many sheath cells,
each of which formed that portion of the nerve fiber which it enclosed.
Since the fiber may be a meter long
and perhaps ten thousand times the
diameter of the cell body from which
it comes, such an assumption seems
plausible; nevertheless it is not sus-
tained by recent embryological in-
vestigations.

The cells applied to the nerve
fiber may unite and thus surround it
with a delicate homogeneous sheath
called the neurolemma [sheath of
Schwann]. Some fibers in the adult,
especially in the sympathetic system,
possess only a sheath of this sort, FiG. 15 —MEpuLLATED NERVE Finggs.

A-D, Longitudingl sections ; E-l, cross sections. (A

and [h&}l' are called mon-medullaled B, after Gedovlst; €, E, F, after Hardesty; D

and |, camic acid preparations. after Prenant

fibers (Fig. 114). Other fibersinthe  and Sormenovice) 6, alcoholic preservation;
sympathetic system and near the st Schifer) ‘a co dxis oplinders jn., incis
nerve terminations may be sur- "7

rounded only by ordinary connective tissue; these are non-medullated fibers
without a neurolemma [naked axis cylinders]. (Non-medullated fibers of
the sympathetic system are often called Remak’s fibers.) The fibers of the
spinal nerves are generally characterized by a deposit of myelin, found
between them and the neurolemma. The fibers with a myelin sheath are
called medullated, and the fibers themselves within the myelin sheath,

whether they are dendrites or neuraxons, are called axis cylinders.
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Myelin is a mixture of complex fats and lipoid substances, some of
which are combined with sugar. Like fat it is dissolved by ether and
blackens with osmic acid. It exists as an emulsion, and appears very
white macroscopically. Between the myelin globules there is a network
of newrokeratin, a substance unstained by osmic acid and not dissolved
by ether. Fig. 115, A and B, show the neurokeratin network after treat-
ment with ether, surrounding the axis cylinder, a.c. The meshes vary
greatly in diameter, becoming coarse with the rapid post mortem coales-
cence of myelin droplets. Fig. 115, C, shows a heavier framework which
toward the right of the figure tends to form conical layers, the axis cylinder
penetrating their apices; in E a cross section of C is drawn showing a myelin
vacuole, my, encircling the fiber. In specimens stained with osmic acid
(D), the myelin is very dark and the framework light. The latter is
prominent only in oblique lines called in-
cisures [or Lantermann’s segments|. The
lines seen on the opposite sides of the
fiber are interpreted as optical sections of
a cone of neurckeratin. A cross section
of D through an incisure would appear
as in I. Successive incisures may point

in opposite directions. They do not all
represent perfect cones, but in that form

SO - |
they are characteristic post mortem fig- no D
- y Fic. 116.—NoDES.
ures. Fig. 1135, F, G, and H, show other a. Diagram of the intracellular explanation

of myeling B, the cross obtained with

cross sections of medullated fibers in which silver nitrate: €, the biconical enlarge-
e ) ment (after Gedoclst); D, intercellular
the neurckeratin is arranged radially or miyalin’ (after Hyrd=atyl: oo, axis ol
- inder ; ax,, axolemma ; my., myelin; ne..

in mnccntric ]Ei"l-"l..,"['E-. neuralemma; ng., node.

At regular intervals the myelin sheath is more or less interrupted by
nodes [of Ranvier]. The intervals vary from 8o # to a millimeter, being
shorter in growing fibers and in the distal portions of adult fibers. The
branching of medullated fibers occurs at these nodes. Fig. 116, A, an
osmic acid preparation, illustrates one interpretation of the myelin and
nodes, according to which the sheath cells are thought to be wrapped
around the axis cylinders, and to contain within them the myelin which
develops like fat in the mesenchymal cells. The nodes (A, ne) are at
the junction of two sheath cells, and there the outer cell membrane or
neurolemma is continuous with the axelemma or inner cell membrane,
the latter being in contact with the axis cylinder. It accords with this
view that the neurolemma usually has but a single nucleus, found midway
between two nodes. Surrounded by very little protoplasm it occupies
a depression in the outer surface of the myelin.
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When nerve fibers are treated with a solution of silver nitrate a pre-
cipitate occurs at the nodes and spreads along the axis cylinder forming
a cross (Fig. 116, B). This has been interpreted as indicating a penetrable
intercellular substance at the nodes through which nutriment has access
to the fiber. Silver nitrate sometimes causes a transverse banding of the
axis cylinder, which is considered artificial and without significance.
In crossing the node the fibrils may spread apart forming a “biconical
enlargement.” As shown in C, the fibrils in the midst of the enlargement
have been said to be thickened. The same figure suggests that the neuro-
lemma is not continuous with an axolemma but passes the node without
interruption. This is clearly shown in D, where the myelin layer also,
though constricted, is unbroken. The myelin has therefore been regarded
as an exoplasmic part of the axis cylinder. The inter-fibrillar substance

= Endoneurim.

FiG. 117.—MEDULLATED NERVE. PART oF A CRosS SECTION oF THE HuMman MeEpian NErvE. ¥ 20.

of the nerve fiber has been said to present many characteristics of myelin.
The close relation of myelin to the cylinder is shown in ““peripheral de-
generation.” When a nerve is severed, that portion of the axis cylinder
which is cut off from the cell body from which it grew, degenerates by
fragmentation. The myelin at the same time breaks up into drops of
a different chemical nature which later disappear. The sheath cells
multiply. Recently it has been stated that the myelin should be considered
an intercellular substance due to a transformation of tissue fluid by the
joint activity of the axis cylinder and sheath cells. It first appears in the
embryo as vesicles attached to the nerve fiber. These unite to form a
nodular or beaded layer which later becomes smooth. The axolemma
is considered a condensation of the myelin framework such as occurs also
just beneath the neurolemma. The myelin itself is said to be derived
from theblood.
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NErVES are bundles of nerve fibers enveloped in connective tissue
sheaths. According to the nature of their constitutents they are classed
as medullated and non-medullated. a distinction which the student should
remember to record.

The spinal and cerebral nerves consist mostly of medullated fibers
of varying diameter (2-zo0 p), scattered among which are a few that are
non-medullated. Medullated nerves are white in reflected light. They
are surrounded by loose connective tissue [the epineurium] which contains
lymphatic and blood vessels, and small nerves, and has many elastic
fibers. . It extends around the entire nerve and between the several well
defined bundles of which a large nerve consists (Fig. 117). Each of these
bundles is covered by a dense lamellar layer of flattened connective tissue,

= e
S LLR -4 - E : i _'_:'f.._-;_i-f..
s g - = Dl o ; B :
; g '_._ ﬁ?‘-' L] - ‘ Ay Y - - G 4:{%'.-‘;\-:\ ]l-'__n_.
em- "Jﬁ i, s - - = Vgl neurinm
Blood vessel A A i
containing v g""h & g T,
COTpuscles, r o 2 7 Endo-
; b -

neurium.

i I_
Axiz cvlinder. 'ﬂﬁ :;E T
Medullary =4 jd * Fiber sheath.
gheath.” — S CHF

Frc. 118 —MEDULLATED \F\?;IIJLA\P‘:\-RJ:H;:T\. A in:;.‘: SEcTION OF THE Husam
called the perineurium (Fig. 118). The cells in the perineural layers are
in contact with one another along their borders so that on surface view
they resemble a mesothelium. The perineurium sends septa into the
nerve bundle and becomes continuous with the connective tissue which,
outside of the neurolemma, surrounds each individual nerve fiber [Henle’s
sheath]. The inner extensions of the perineurium may be called internal
perineurium (or endoneurium). The perineurium contains capillaries,
generally parallel with the nerve fibers, and tissue spaces, but no lymphatic
vessels. The outer sheaths of the nerves are continuous with the dura
mater of the cord and brain.

The large sympathetic nerves vary in color. The splanchnic nerves
contain many medullated fibers and are whiter than the nerves of the
plexuses. Medullated fibers in the latter are few and very slender. Non-
medullated nervous tissue is gray. A part of the medullated fibers of the
sympathetic nerves come directly from the spinal nerves, and a part arc
medullated processes of the sympathetic ganglion cells. 5mall non-
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medullated nerves are shown in Fig. 119; A represents a nerve which
is easily recognized by the two large nerve cells which it contains; B
is a bundle of fine fibers containing a few nuclei, probably of connective
tissue.

The recognition of small nerves in ordinary sections may be facilitated
by remembering that they are fibrous bundles extending through con-
nective tissue and found in the same situa-
tions as the vessels. The latter are tubes
lined with endothelium. Sometimes they are
filled with corpuscles (Fig. 118) but the cor-

stain unlike anvthing else in the specimen.
Nerves differ in texture from the white fiber
of connective tissue, which forms a diffuse

network or layer instead of occasional dis-

Fro. 11— NoM-MEDULLATED NERVES,

FROM A CAT'S [NTESTINE. tinct circumseribed bundles.
A, From the ﬁu:l'lh!l“:'l.lll.s and B, from 2 - .
the myenteric plexus. e L, Cone SEnsorY ENDINGS. T'he way has al-

nective tissue: n., svimpathetic,

pon-meduliated nerve fhers: 0. .. ready been described, in which ectodermal
cells become detached from the medullary
tube to form spinal and cerebral ganglia, afterwards becoming bipolar and
then T-shaped, sending a long dendrite through the nerve bundle to the
periphery. Soon after it leaves the cell body, this process becomes sur-
rounded by the neurolemma and myelin sheath. Its branches are very few
until it nears its distal end when it forks repeatedly at the nodes. Finally
it loses its sheaths and is resolved into many small fibers which terminate
in contact with epithelial, connective tissue or muscle cells. These terminal
branches of the dorsal root fibers are the sensory nerve
endings. Apart from those of the special sense organs,
to be described with the eye, ear, etc., they are as fol-
lows. -
Free nerve endings. Sensory nerves to the epi-
thelia, such as the epidermis, or that which forms part
of the mucous membrane of the mouth, or the corneal =~ =

epithelium, lose their myelin sheaths and divide repeat- el el T

edly in the connective tissue just beneath. The un- A

sheathed slender fibers thus formed pass between the

epithelial cells where they ramify further, and terminate with pointed or
club-shaped ends (Fig. 120). Such jree endings are too delicate to be seen
in ordinary preparations. Sometimes the terminal fibers in the lower
layers of the epidermis expand into crescentic structures called {factile
menisci (Fig. 121). An epidermal cell, the base of which rests upon a

puscles never appear fibrous and usually -
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meniscus, may thereby be modified so that it is larger and clearer, having
a more vesicular nucleus, than those around it. Cells thus differentiated
are called factile cells.

The sensory nerves to muscles similarly may end freely, or may be
in special relation with modified muscle fibers. In the former case (Fig.
131, sensory fibers) the nerves become non-medullated and their fibers
arborize extensively, terminating in long slender filaments between the
muscle cells. The specially modified muscle fibers in contact with which
sensory nerves end, constitute the muscle spindles (Fig. 105, p. 83).
These are bundles of from 3 to 2o muscle fibers, 1 to 4 mm. long, varying
in width from 8o to 200 . They are surrounded by a thick connective
tissue sheath or capsule, continuous with the perimysium and described
as divided into an inner and an outer portion by a considerable tissue
space filled with fluid. The muscle fibers of the spindle are distinctly
striated toward their tapering and very slender ends. In their middle

Epidermis

Tactile cell, &
Tactile _
EEenisCcus.
Nerve hiber. - i . \
Connective X ‘_f‘:. "Ik Ty i Corium.
tissne. toy .

a0

Fic. 121.—FroM A VERTICAL SECTION OF THE SKIN oF THE GREAT ToE oF A Man TWENTY-FIVE
YEARS OLD. 3 240
The autlines of the cells and the nuclei of the epidermis can only be ndistinctly seen, %, Tactile cells
inthe corinm, resting upon the ramifications of a delicate nerve hber.

portions the striations are obscure; there the sarcoplasm is abundant and
the muscle nuclei are numerous. Three or four nerves terminate in each
muscle spindle. Their connective tissue sheaths blend with the perimysial
capsule, and they branch and lose their myelin as they pass through this
capsule to the muscle cells. They may encircle the muscle fibers of the
spindle, forming spirals or rings (as in the upper part of Fig, 122) or they
may form a panicle of branches with enlarged club-shaped ends. Muscle
spindles are not found in the muscles of the eye, pharynx, larynx, and
oesophagus, the muscles of expression, the diaphragm and the ischio- and
bulbo-cavernosus muscles. They are especially numerous in the muscles
of the hand and foot. The nerves of the spindles are stimulated by pres-
sure caused by the contraction of adjoining muscle fibers.

In tendons there are said to be free nerve endings, but the sensory
fibers which terminate in fendon spindies are better known. These
are small portions of the tendon, from 1 to 3 mm. long, 170 to 250 ¢ wide,

B
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containing many nuclei and staining more deeply than the surrounding
tendon. They are enclosed in sheaths of ordinary connective tissue.
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Fic. 124.—THE LEFT PorTION OF Fia. 123, % 345

The few nerve fibers which terminate in a tendon spin-
dle lose their sheaths and branch freely, ending in club-
shaped enlargements (Figs. 123 and 124). They are
found in all tendons and serve to transmit the sensation
of tension, being active in connection with codrdinated
movements.
In connective tissue, sensory nerves may either end
. free or surrounded with a connective tissue capsule. In
e o e o L% . the subcutaneous tissue near the coils of the sweat
ABULTCAT. %135 glands, and in the corium of the fingers and toes, there
are terminal cylinders [of Ruffini] which resemble tendon spindles in the
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way that the nerves ramify (Fig. 125). These cylinders lack the distinct
capsules which characterize the nerve corpuscles.

Terminal corpuscles are nerve endings consisting of a coarse nerve
fiber or knot of small branches surrounded by a semifluid intercellular
substance (which is granular in preserved tissue) and enclosed in a con-
nective tissue capsule. The terminal
ramifications of the nerve show irregular
swellings or varicosities, such as are found
along terminal nerve fibers generally and
which are not considered artificial. Some
authorities describe the interlacing termi-
nal branches as ending blindly, but others
believe that they unite so as to make a
network. Often more than one fiber en-
ters a corpuscle and it has been suggested
that they include afferent and efferent
fibers. Generally the connective tissue
sheaths of the entering fibers blend with
the capsule of the corpuscle, and the mye-
lin sheaths are lost just inside the capsule.
Terminal corpuscles have been grouped
as tactile, genital, bulbous, articular, (cylin-
drical), and lamellar.

Fiz. 125 —TERMINAL CYLINDER. FiG. 126, —TaAcTILE CORPUSCLE FROM A PERRPENDICULAR
[After Ruffini, from Ferguson's SEcTioN OF THE GREAT ToE oF A Max TWENTY-
Histology. FIVE YEARS OLD. ¥ 560,

gH, Medullary sheath; il, terminal n, Medullated nerve fibers; e, varicosities; h, conmective
ramifications of the axis cylinder; tissue sheath. The nuclei are invisible.

L, connective tissue,

Tactile corpuscles [of Meissner] are elliptical structures, go-1c0 ¢
long and 30-6o /¢ broad (Fig. 126). They are characterized by transverse
markings due to the corresponding elongation of their capsule cells and
nuclei. From one to five medullated fibers enter the lower end of a tactile
corpuscle, losing their sheaths on entering. Some fibers may pass straight
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through the axis of the corpuscle, the others making spiral turns about
them before breaking up into numerous varicose branches. Tactile
corpuscles are found in certain of the connective tissue elevations ( papillae)
just beneath the epidermis, being especially numerous in the soles and

Fic. 127 —GEXITAL CORPUSCLE FROM THE
GLaxs Pexis oF Max, METHYLEXE
BrLug STaix. (Aer Dogiel, from  Bohm
and von Davidaeff.)

(Fig. 127) which may receive as many as ten nerve fibers.

palms (23 in 1 sq. mm.) and at the
finger tips; also *“in the nipple, bor-
der of the eyelids, lips, glans penis
and clitoris.”

Genital corpuscles are large,
round or oval bodies 6o-400 /* long

Fic. 125 —PurLeors CORPUSCLE FROM THE CON-
uMcTIvAa OoF Man, MeETHvLENE BLUE
Stalx. (Alter Dogiel, from Baobm and von
Davidofl. |

These ramify

and send branches to neighboring corpuscles and also to the epidermis.
The genital corpuscles are deeply placed beneath the epithelium of the
glans penis and clitoris and the adjoining structures.

Bulbous corpuscles [of Krause] are smaller than the genital corpuscles
and are most numerous (1—4 in a sq. mm.) in the superficial connective

Fi16. 120.—Cyviisprical CORPUSCLES, FROM [xN-
TERMUSCULAR SEPTUM oF CAT. METHYLENE
BLug Starx. (Huber.)

genital corpuscles which they resemble (Fig. 128).

tissue of the glans penis and clitoris.
Similar structures, either round or
oval, are found in the conjunctiva
and *‘edge of the cornea, in the lips
and lining of the oral cavity, and
probably in other parts of the co-
rium.” They vary in length from 20
to 100 #¢; they have thinner capsules
and receive fewer nerves than the
The articular cor-

puscles, found near the joints, belong in the same category.

Cylindrical corpuscles [cylindrical end bulbs of Krause] contain a
single axial nerve fiber with few or no branches, terminating in a knob-like
or rounded extremity (Fig. 12g). The fiber is surrounded by a semifluid
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substance, sometimes described as an inner bulb, and this is enclosed in
a few concentric lavers of cells which are continuous with the sheath of
the nerve. Cylindrical corpuscles are found in the mucous membrane
of the mouth and in the connective tissue of muscles and tendons.
Lamellar corpuscles [Pacinian corpuscles] are macroscopic elliptical
structures, 2—4.5 mm. long and 1-2 mm. wide (Fig. 130). They may
have as many as fifty concentric layers of flattened capsule cells between
which there are spaces containing fluid. A single large nerve fiber enters
one end of the corpuscle and loses its. myelin as it traverses the lamellae.
It extends through the semifluid inner bulb without obvious branches,
sometimes being flattened and band-like; it may fork at its further end or
form a coil of branches. Special methods have shown that the axial
fiber may possess many short lateral
branches ending in knobs, and that
one or more delicate fibers may enter
(or leave) the corpuscles in addition to
the large one just described; they form

Axiz cvlinder.

'i.jll. ] .-" Ii;\

5 . I', W l Inner bulb.
a net surrounding the axial fiber. A
small artery may pass into the corpus-

cle beside the nerve and supply the Capsules,
lamellae with capillaries. Lamellar

corpuscles are abundant in the subcu- N sl
taneous tissue of the hand and foot and —T—— Arlery:

accur in other parts of the skin, in the \H-ﬁ—q Fat cells.
nipple, and in the territory of the pu- LN

dendal nerve; they are found near the 5., 3o —SMALL LAMELLAR CORPUSCLE FROM
joints (particularly on the flexor side) 1. . ining the capsules can be recopnized
and in the periosteum and perimysium,  JEUSEIE B Ced (6 the smner bulb.
the connective tissue around large blood

vessels and nerves, and in the tendon sheaths; also in the =erous meny
branes, particularly in the mesenteries. As they are usually cut obliquely
or transversely the student should expect to find the lamellae completely
encircling the inner bulb.

Motor Expings. The motor nerve endings are the terminations of
efferent nerves in contact with smooth, cardiac or striated muscle fibers.
The nerves to the smooth muscles are a part of the sympathetic system.
They are non-medullated fibers which branch repeatedly, forming plexuses.
From the plexuses very slender varicose fibers proceed to the muscle
cells, in contact with the surface of which they end in one or two terminal
or lateral nodular thickenings. Probably each muscle cell receives a nerve
termination. Except that the nerve endings in heart muscle are a little
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larger, often provided with a small cluster of terminal nodules, they are
like those of smooth muscle. They belong with the sympathetic system.
The accessory fibers of the vagus which enter the cardiac plexuses, are not
known to terminate upon the muscle fibers.
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Striated muscles are innervated by the neuraxons of the ventral roots,
which grow out from cell bodies remaining within the central system.
These neuraxons, as medullated fibers, extend through the spinal and
certain cerebral nerves to the muscles. They form plexuses of medullated
fibers in the perimysium, from which branching medullated fibers pass on to
the muscle (Fig. 131). Each muscle fiber receives one of these branches, or
sometimes two placed near together.
They are usually implanted near the
middle of the muscle fiber. The
v i connective tissue sheath of the nerve
1 blends with the perimysium; the
A = neurolemma is said to be continu-
Frc. |3;-—'n!<:-run PraTus. E
A, Surface view, from a guinea pig;: B, verical  0ous with the sarcolemma, the nerve
von Davidoft) :Efl{gegﬂﬁnr o L having become attached to the em-

maotor plate: m., striated mpscle; n., herve z
fiber ; t.r., terminal ramifications of the nerve  bryonic muscle fiber before the sarco-

g lemma had developed. Under this
membrane the myelin sheath ends abruptly, and the fiber ramifies in a
granular mass considered to be modified sarcoplasm. It may contain
muscle nuclei. This granular mass with the nerve ending appears as a
distinct elevated area, estimated to average from 40 to 6o ¢ in diameter,
and has been named the motor plate. A surface view and a section of a
motor plate are shown in Fig. 132.

T Y
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GaxcLIA. The ganglia are enlargements, usually macroscopic, oc-
curring in the course of the peripheral or sympathetic nerves. They always
consist of nerve fibers between which there are rows or rounded groups
of the bodies of nerve cells. Nerve cell bodies vary in diameter from
4 to 150 2. Thus they include some of the largest cells in the body. Each
has a single round or oval nucleus which appears vesicular because of its
small amount of chromatin. It contains usually one large round nucleolus.
These nuclei are so characteristic that the student should soon learn to
recognize them. Near the nucleus the centrosome has been detected,
sometimes represented by a number of granules; but mature nerve cells
never divide and if destroyed they cannot be replaced. In ordinary
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FiG. 133.—LONGITUDINAL SECTION THROUGH A SPINAL GANGLION oF A CaT. X 15

specimens the protoplasm is densely granular.  There is no cell membrane.
Except in the embryo, nerve cells all have one or more processes; and
according to the number of these, one, two, or several, they are designated
unipolar, bipolar, and multipolar respectively. The processes cannot be
traced in ordinary specimens because of their thick entanglement with
those of other cells. In studying them the special methylene blue and
silver (Golgi) methods are employed. If pieces of very fresh nerve tissue
are placed in a dilute solution of methylene blue, after an hour or more
the processes of certain cells are stained so that they can be followed satis-
factorily. By Golgi’s silver method a black precipitate occurs in and on
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individual nerve cells, following their branches to their smallest subdivisions,
whereas similar adjoining cells are entirely unaffected. This extraordinary
method is of the greatest value, but it is capricious and the silhouettes
produced are in part coarse and artificial appearances.

The ganglia are surrounded by connective tissue sheaths, continuous
with jthejperineurium, which send prolongations into their interior to
invest the cell bodies and fibers. They contain an abundance of blood
vessels so that a cell body may be surrounded with capillaries. The spinal
and sympathetic ganglia will be described in turn.

Spinal ganglia are found on the dorsal roots of spinal nerves; similar
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The cell processes cannot be seen. At X the protoplasm of the ganglion cell has retracted and simulates
a process.  Inthe axis of the transversely cut nerve fibers the axis evlinders are seen in section.

structures occur on the dorsal roots of the cerebral nerves. The general
relations of the cell bodies and fibers are shown in Fig. 133, a longitudinal
section through the dorsal and ventral roots. Fig. 134, from the semilunar
[Gasserian] ganglion of the trigeminus, shows the component structures
on a large scale. In the upper part of the figure there are characteristic
nerve cells such as have the T-shaped process, the development of which
from bipolar cells has already been described. The processes are not
seen in the section. Each of these cell bodies is surrounded by a nucleated
capsule said to be continuous with the neurolemma of its fiber. Fig. 135
shows one of these cell bodies containing canaliculi which have been
regarded as nutritive passages from the exterior, and as secretory or
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excretory vacuoles. Fig. 136 is a similar cell containing a reticular network
within its protoplasm. Nerve fibers branch over the outer surface of
ganglion cells, forming pericapsular and pericellular nets or baskets,
and have been said to penetrate the protoplasm. This, however, is denied,
and such formations as are represented by Fig. 136 are thought not to pass
outside of the cell. Ganglion cells often contain areas of yellow or brown
fatty pigment granules which increase with age.

The results of special investigations of the course of the dorsal ganglion
fibers, made by the methylene blue method, are shown in the diagram,
Fig. 137. The large round cells (1) give rise to a single spirally twisted
process which begins at the apex of a conical elevation on the cell body.
The spiral fiber has a neurolemma and acquires a myelin sheath. Tt may
give off collateral branches (2). At the first or second node, sometimes
further on, it divides into
a cellulipeial or afferent
branch, which is an axis
cylinder with a per-
ipheral sensory ending,
and a cellulijugal or
efferent branch which
enters the spinal cord
(Fig. 111). The cellulip-
etal fiber may have a
branch in the dorsal
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the cellulifugal fiber may

fork near the cell body (3) or at some distance from it (2). Besides the
large cells there are similar smaller ones, the fibers from which have little
or no medullary sheaths (4). It is to be noted that in all these forms the
cell bodies become virtually appended to single fibers, which in relation to
the central nervous system are afferent.

A second type of cell, which occurs less frequently, is the round
unipolar form (6) the process of which divides into many medullated
branches. After losing their myelin these form pericapsular and peri-
cellular ramifications around the cell bodies of the first type. Each of
the latter is in relation with branches from several cells of the second type.
A third form is a multipolar cell with two medullated fibers which are
thought not to pass beyond the limits of the ganglion (7).

Fibers from sympathetic cells enter the ganglion from the periphery
and branch about the blood vessels and cells of the second type. Through
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and sometimes having two nuclei, and of fibers some of which merely
traverse the ganglia. The cells are enveloped in nucleated sheaths. They
include three types of multipolar cells shown in Fig. 138. Most of the
cells are of rounded oval form, often flattened, having stellate spiny
dendrites and a non-medullated neuraxon with very slender collateral
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branches (1). These are motor cells, and their neuraxons terminate in
contact with smooth muscle cells. The second type (2), possibly sensory,
includes rounded polygonal cells with slender dendrites which extend in
the sympathetic nerves even to the neighboring ganglia. Their neuraxons
may acquire myelin sheaths at some distance from the cell body or may

remain non-medullated. They pass to other ganglia but their termination
&
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is unknown. Cells of the third type (3) are few in the large ganglia and
are not found in small ones. They have long dendrites which form a ** general
peripheral plexus” but do not extend beyond the limits of the ganglion.
Their neuraxons enter the sympathetic nerves as non-medullated fibers,
the destination of which is unknown. Sympathetic ganglia contain also
stellate connective tissue cells, and chromajfine cells to be considered
presently. The ganglia may be traversed by sensory medullated fibers
to lamellar corpuscles, and by medullated motor fibers which lose their
myelin sheaths and have non-medullated collateral branches. The motor
fibers and their collaterals terminate in rather coarse pericellular ramif-
cations about the sympathetic cells of the motor type. There are other
nerve fibers, non-medullated and varicose, which form pericapsular plexuses,
and these are considered to be branches of sympathetic cells.

Paraganglia are masses or cords of cells which originate in the em-
bryonic sympathetic ganglia, and are characterized by being colored
yellowish brown by preserving fluids containing chromic acid or chromium
salts. The cells are therefore called chromafine (meaning that they have
an affinity for chromium, and not, like ‘chromatic material,” for coloring
matters generally). The paraganglia are either closely or slightly con-
nected with the sympathetic nerves. In the latter case they are applied
to large vessels, and in the fetus, between the branches of the spermatic
vessels, to the paroophoron and paradidymis. The glomus caroticum at
the bifurcation of the carotid artery, and the glomus coccygeum associated
with the median sacral artery, are knots of vessels both of which contain
clumps of chromaffine cells. The organs discovered by Zuckerkandl at
the origin of the inferior mesenteric artery may be classed with them.
Single chromaffine cells, or small groups of them, occur diffusely in the
sympathetic ganglia and nerves. The entire medulla of the suprarenal
gland in the higher vertebrates is composed of them. Since the extract
of such cells, on intravenous injection, causes a marked increase in the
blood pressure, the chromaffine cells are considered to secrete into the
blood a specific substance which maintains the normal tonus of the vessel
- walls.

Seixat Corp (Medulla spinalis). Development. The early develop-
ment of the medullary tube has been shown in Fig. 109, p. 92. The
tube at first consists of separate cells but these soon unite to form a syncy-
tium. Those nuclei of the syncytium which border upon the central
canal divide repeatedly by mitosis and many of them are forced outward
radially. The protoplasm of the syncytium increases more rapidly than
the nuclei, and forms a non-nucleated network at the periphery of the
tube; -this is the white layer [sometimes called mantle layer]. The fibers
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from the spinal ganglia enter its dorsal portion and grow up and down the
medullary tube through its meshes, thus forming the oval bundles. Mean-
while the nucleated layer becomes divisible into two portions, a thick
ependymal layer composed of undifferentiated cells around the central
canal; and a gray layer [mantle layer] composed of cells which have
moved outward and become partly differentiated. The gray layer is at
first triangular, being thick ventrally and narrow dorsally. It consists of
two sorts of cells, the menroglia cells (glia cells), which are the cells of the
protoplasmic syncytium; and the nerve cells (in their young stage, called
newroblasts), which are imbedded in the neuroglia network and send out
processes to ramify among its meshes. The neuraxons of the motor
cells grow out from neuroblasts in the ventro-lateral part of the gray layer;
after crossing the white layer, they
pass out of the medullary tube as
fibers of the ventral roots. This
stage of development is shown in
Fig. 109, E. Blood vessels are seen
growing inte the tube under the
dorsal roots and near the ventro-
median line. They carry some
connective tissue cells with them,
to mingle with the neuroblasts and
neuroglia, both of which are ecto-
dermal.

Fig. 139 represents a later stage

FiG. 130.—5rIixaL Corp OF A RARRIT EMERVO
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so that the canal is reduced in size.

It is surrounded by an ependymal layer which is becoming thinner, since its
cells are being added to the gray laver faster than they are replaced by
mitosis of the inner cells. The gray layer in the preceding stage showed
two ventral protuberances, one on each side. These extend the length
of the cord and are known as the venfral columns [horns]. In the present
stage in addition to these, there are two dorsal columns [horns] which have
been formed by the dorsal proliferation of the ependymal layer. As a
whole the gray is shaped like an H. That portion which extends from
side to side beneath the central canal is the ventral gray commissure. The
white layer has become wider. Its neuroglia network has a predominant
radial arrangement. Nuclei are found in its strands of neuroglia which
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have become fibrous, but it lodges no nerve cell bodies. It is permeated
with the processes of nerve cells, the bodies of which remain within the gray
layer, or the spinal ganglia. On the outer surface of the cord there are
longitudinal grooves which form the boundaries of certain subdivisions
of the white layer. These grooves are the dorse-median sulcus; the
dorso-laferal sulcus, along which the dorsal roots enter the cord; the veniro-
lateral suleus, along which the ventral roots leave the cord; and the ventro-
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median fissure, which unlike the others becomes a very deep narrow
depression. Between these four grooves the white substance on either
side of the cord forms the dorsal, the lateral, and the wveniral juniculi.
Each dorsal funiculus receives the entering fibers from the dorsal roots
on one side of the cord; it represents the oval bundle which has enlarged
and been folded in toward the median dorsal line. Later a dorsal median
septum becomes more evident separating the two dorsal funiculi. Ven-
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trally there is a narrow layer of white substance extending from one side
of the cord to the other; this is the veniral while commissure.

In the adult cord (Fig. 140) the central canal is usually reduced to
a cavity o.5 to 1.0 mm. broad; sometimes it is obliterated. The canal is
surrounded by the ependyma which appears as a single layer of neuroglia
cells. Around the ependyma is the ceniral gray subsiance, containing
special neureglia cells to be described later. In addition to the ventral
gray commissure of the younger stage, there is now a dorsal commissure,
by which the vertical portions of the gray H are united dorsal to the central

Fic. 1gr.—NevrosLia CELLS AND FIRERS FROM THE SPINAL CORD OF AN ELEPHANT.
[ Mardesiy,—irom Ferguson's Histology. )
The letters indicate the nearoglia cells. L, a leucocyte. Benda's stain. = gq40.

canal. Besides the dorsal and ventral columns, a laferal column may now
be recognized as a bulging of the ventral column on a line with the central
canal. Lateral columns are most evident in the upper thoracic part of the
cord. On the lateral side of the dorsal column there is a network of
strands of gray substance called the reficular formation (formatio retic-
ularis). Near the dorsal commissure in the dorsal column there is an
important group of nerve cell bodies named the dorsal nuclens [column of
Clark]. (‘Nucleus’ is a term applied to many such groups of cell bodies
in the brain.) The dorsal nucleus extends through the thoracic cord
and is well defined in the anterior lumbar portion; it is not wholly absent
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from other parts of the cord. Toward the tip of the dorsal column there
is a macroscopic, apparently gelatinous mass called the gelatinous substance
(substantia gelatinosa); and dorsal to this there occur successively the
spongy zone, and the ferminal zone (zona spongiosa and zona terminalis).
The latter consists chiefly of nerve fibers running lengthwise of the cord.
The dorsal median septum, generally described as formed of compressed
strands of neuroglia, is well marked; it resembles the ventral median
fissure since the walls of the latter have been brought so close together.

Structure of the cord. From. the preceding account of the develop-
ment and topography of the cord, it is evident that there are three layers
to be examined, the white layer, the gray laver, and the ependyma; these
may be considered in
turn.

The white sub-
stance [matter] con-
sists of a syncytial
framework of neurog-
lia  through which
pass  blood vessels,
and nerve fibers
mostly  medullated.
The myelin sheaths
of the latter produce
the very white macro-
scopic appearance of
this layer when freshly
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Gorct METHOD, 3 280 cut. The nature of

the neuroglia syn-
cytium is seen in the longitudinal section, Fig. 141. Stiff fibrils
have developed in its exoplasm, and they are continuous from one
cell territory to another. As the nerve fibers which occupy the neuroglia
meshes increase in number, and in size by becoming medullated, the
neuroglia nuclei surrounded by protoplasm are compressed into stellate
forms (Fig. 144, A). In the Golgi preparations they appear as in Fig. 142,
and are described as long rayed, and short rayed or mossy cells. These
forms represent clumps of neuroglia fibers, sometimes clogged with
precipitate, in the center of which there may or may not be a nucleus.
Fig. 143 shows the appearance of the neuroglia net in ordinary sections.
Over the outer surface of the cord it makes a dense feltwork, generally
free from nerves. It has been called the external limiting membrane.
Outside of it is a very vascular connective tissue layer, the pia mater. The
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figure shows a prolongation of the pia mater, containing blood vessels,
into the white substance. It has not been established beyond doubt

that such ingrowths of connective
tissue may not take part in form-
ing supporting tissue around the
nerves.

The nerve fhbers of the white
substance vary in diameter, the
coarsest being found in the ven-
tral and the lateral parts of the
dorsal funiculi; the finest are in
the median parts of the dorsal
and lateral funiculi. Elsewhere
coarse and fine ones are inter-
mingled. Their general direc-
tion is parallel with the long axis
of the cord. Like other nerve
fibers they consist of neuroplasm
and fibrillac. Most of them are
medullated and in cross section
the myelin often forms concen-
tric rings. Although a few
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observers have described nodes it is generally considered that there are no
nodes in the central nervous system. During the development of the

F1G. 144:

A, Neuroglia cells and nerve fbers from a cross

section of the spinal cord of an elephant.

myelin, fibers have been found en-
circled by sheath cells, Fig. 144, B.
In longitudinal view, these sheath
cells are seen in depressions of the
myelin, where they greatly resem-
ble the neurolemma cells of per-
ipheral nerves. With the increase
of myelin they become very slender
and can seldom be detected in the
adult. It is ordinarily stated that
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The gray substance [matter] is
composed of a neuroglia framework

containing capillary blood vessels and some larger ones, together with the
cell bodies and non-medullated processes of many nerve cells. The



120 HISTOLOGY.

processes run in every direction. It differs from the white substance,
therefore, in the absence of myelin, the presence of nerve cell bodies and
the confused courses of the nerve fibers.

The cell bodies belong with three types of cells. The largest are the
molor cells, 67 to 135 / in diameter, which form a group in the ventral
column. (In the cervical and lumbar enlargements of the cord (Fig. 140)
the group is divided into dorso-lateral and ventro-medial portions.) Cell
bodies like those of the motor cells are represented in Figs. 143 and 146.
The former shows the fibrillar structure of their protoplasm, and the latter
the groups of granules, chromatic bodies (Nissl’s bodies) which may
occur between the fibrils. These are rounded or angular masses which
are not limited to motor cells. They become reduced or disappear with

MWizsl's bodies.
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fatigue, in old age, and in certain diseases and poisonings. It is supposed
that they are nutritive rather than nervous elements. After preservation
in alcohol they may be stained with methylene blue. In the motor cells
the fatty pigment may be abundant, but often in ordinary specimens
these special features are invisible and the protoplasm seems densely
granular. The processes of the motor cells are dendrites, which may
extend into the ventral and lateral funiculi, and even into the dorsal
funiculi, and neuraxons which leave the cord in the ventral roots and
proceed to the striated muscles. The neuraxon begins as a slender non-
medullated fiber at the tip of a clear ‘implantation cone’ and acquires
its myelin sheath as it crosses the white layer. Ordinarily it has no
collaterals; when present they are very small.

Cell bodies of the second type are more numerous and smaller than
the motor cells. They occur singly and in groups throughout the gray
substance. Their dendrites are long but with comparatively few branches.
Their neuraxons give off many collaterals in the gray substance and enter
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the lateral and ventral funiculi, rarely the dorsal. Sometimes they cross to
the opposite side of the cord through the gray commissure before entering
the white substance (Fig. 147). In the white they fork, sending processes
up and down the cord. These give off collaterals which re-enter the cord
and branch about the motor cells, the main fiber terminating like its col-
laterals. These cells put the different levels of the cord in communication.
The neuraxons from the dorsal nucleus (Fig. 147) differ from these in that

dom, 5,
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their neuraxons go to the cerebellum in a bundle called the fasciculus
cerebellospinalis. The spindle shaped cells of the zona spongiosa are also
of the second type.

The third type is characterized by having all of its processes, the
dendrites and neuraxon, remain within the gray substance. The neuraxons
are much branched, and may cross to the opposite side of the cord.

There are therefore three types of nerve cells in the gray substance,
namely, (1) the cells with processes which enter the peripheral nerves;
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(2) cells with processes limited to the central nervous system and extending
through its white substance from one part to another; and (3) cells with
processes limited to the gray substance.

The fibers of the central nervous system are the processes of these
three types of cells together with those which enter from the peripheral
ganglia. These fibers are arranged in bundles or jasciculi as they traverse
the white substance. The boundaries of the bundles are not indicated in
ordinary sections and are never sharply outlined. They have been deter-
mined in various ways, such as cutting certain parts of the cord and
observing in sections the path of the fibers which degenerate and lose
their myelin in consequence. These results are confirmed by the exami-
nation of embryos in which certain fiber tracts develop their myelin
sheaths earlier than others. It has been found that each dorsal funiculus
includes two large fasciculi, the cuneale and gracile, respectively. The
cuneate fasciculus which is the more lateral, receives the fibers of the
dorsal root. In it they divide into ascending and descending fibers and give
off the reflex collaterals to the motor cells as shown in the diagram
(Fig. 147). The ascending fibers in their course up the cord to the brain
approach the median septum thus entering the gracile fasciculus. The
manner in which they communicate with the cells of cerebral hemi-
spheres will be considered with the brain.

The lateral funiculus of the cord consists of four fasciculi. (1) The
cerebellos pinal fasciculus consists largely of fibers from the dorsal nucleus
ascending to the cerebellum. (2) The superficial ventro-laleral jasciculus
also contains fibers ascending to the cerebellum. Descending fibers from
the cerebellum, together with large numbers of those connecting the
different levels of the cord with one another, are found in the laferal jas-
cicwlus (3). (4) The lateral cerebrospinal jasciculus is the descending tract
from the cerebral hemispheres to the motor cells, being the path of volun-
tary motor action. These tracts cross in the brain so that the right tract
of the cord is connected with the left hemisphere and vice versa.

The ventral funiculus includes two fasciculi. The ventral fasciculus
consists chiefly of fibers connecting the lateral halves of the cord and its
different levels with one another. The small veniral cercbrospinal fascic-
wlus contains descending fibers from the hemispheres, most of which cross
through the white commissure to connect with motor cells on the opposite
side of the cord. Some, like the fiber shown in the figure, may have crossed
at a higher level in the cord. Such fibers as cross in the cord are believed
not to cross in the brain so that all the motor cells are thus in communication
with the opposite hemispheres of the brain.

The ependyma is that part of the neuroglia which lines the central
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canal. It appears like a simple cylindrical epithelium but the cell-like
bodies are the ends of strands which may extend clear across the spinal
cord to the external limiting membrane. A nucleus is generally found in
the strand near the central canal; there may be others further away.
Although in the embryo strands from the central canal to the periphery
are easily traced, in the adult these are largely broken up, giving rise to
cells with chief processes either to the periphery or to the central canal;
if the radial strand is lost on both sides, stellate neurolgia cells result.
These are shown in Fig 148. (The figure also shows the neuroglia cells
with concentric fibers characteristic of the central gray substance, and a
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neuroglia strand with very numerous delicate processes from the substantia
gelatinosa. These processes are said to be transformed into a granular
substance. The gelatinous substance contains a few very small nerve
cells, a network of fine nerve fibers and occasional stellate neuroglia cells.)
The ependymal ‘cells’” at birth and for some time afterward possess cilia
projecting into the central canal. In the adult they have disappeared.
It is questionable whether or not they are motile. Single bedies but not
diplosomes have been found at their bases. They have been considered
to be more like the cilia of the epididymis than like those of the trachea.

The neurone theory. Years ago it was thought that the central
nervous system was a continuous network of fibers, prolongations of which
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formed the peripheral nerves. The dorsal root fibers joined it on entering
the cord and the motor fibers arose from it; between the two was a diffuse
net. In opposition to this conception. the neurone theory set forth that
the nervous system is composed of distinct cells, the neurones, which are
related to one another ‘by contact and not by continuity.” Some even
supposed that the nerve fibers were retractile and by breaking their contact
produced unconsciousness. In recent years when the syncytial nature
of many tissues has been shown and fibrils have been found passing from
cell to cell in smooth muscle ( ?), neuroglia, and some epithelia, it has been
reasserted that there is fibrillar continuity between nerve cells. The idea
that the nervous system is an intercellular network with formative or
nutritive cells appended to it, perhaps comparable with the elastic network
in connective tissue, is now rejected. Peripheral fibers are not found to
develop by the anastomosis of chains of cells. It is probable but not certain
that the connection between nerve cells is merely by the contact of pericel-
lular nets and of spiral terminal fibers wound about the cell bodies.

VASCULAR TISSUE.

The vascular tissues include the blood vessels and the lymphatic
vessels, together with the blood and the lymph.

Broop VEssELs.

DEVELOPMENT. In an early stage the blood vessels of the embryo
form a network in the splanchnopleure. In mammals, as in the chick
(Fig. 20, p. 21), the portion of the
net nearest the median line forms, on
either side of the body, a longitudi-
nal wvessel, the dorsal aorta. The
part of the net folded under the
pharynx constitutes successively the
vitelline veins, the heart, and the ven-
iral aortae continuous in front of the
pharynx with the dorsal aortae. The
heart first appears as two dilated
FiG. 149. vessels, one on either side, which are

Blood vessels from a rabbit embryo of 13 days,
developing as endothelial sprouts (en) from  parts of the general network. They

pre-existing vessels (by.); b.e, blood corpus- + -
fGOREUL R Fesac. are brought together in the median
line under the pharynx and fuse.
At first the heart pulsates irregularly, but with the establishment of the

circulation, its beats become rhythmical. The blood flows from the net
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through the veins to the heart, and thence through the arteries back to
the net. All of the future vessels of the body are believed to be offshoots
from the endothelial tubes just described. They grow out, as shown in
Fig. 149, through the mesenchyma with which they are inseparably
connected. The sprouts are at first solid but soon become hollow except
at the growing tips. They may encounter similar offshoots from the
same vessel or from other vessels and fuse with them. Through the
anastomosis of such sprouts, networks of vessels of small caliber are
produced which have been divided into two types, the sinusoid and capillary
types.

Sinusoids are formed as branches or subdivisions of a single vessel.
A vein passing near a developing epithelial organ may send out branches
over its surface, and if the organ itself is a ramifying structure its sub-
divisions may be nearly enveloped by these venous branches. The liver

F1G. 150, —DIAGRAM SHoWING O THE LEFT THE LIVER AXND ITS SINUSQIDS; 0X THE KIGHT THE
PAXCREAS AND ITS CAPILLARIES.

The connective tissue iz represented by dots. - Ar., Artery; Inf., intestine; V., weins;
V. G, vena cava inferior ; ¥W. P., portal véin.

is related in this way to the vitelline veins (in which the umbilical veins
later come to empty). In the left portion of the diagram, Fig. 150, the
liver is shown in heavy black as a branching outgrowth of the intestine.
The portal vein (V. P.), which is a persistent part of the vitelline veins,
forms a net of small branches, the endothelium of which is quite closely
applied to the hepatic tissue. A thin but important layer of connective
tissue intervenes, which could not be shown in the figure without great
exaggeration. The subdivisions of the portal (vitelline) vein are the
sinusoids and they come together to join the inferior vena cava, this part
of which is also persistent vitelline vein. A relatively small hepatic artery
later supplies the connective tissue around the ducts of the liver, but the
essential vascular system of the liver is a single large vein which has been
resolved into a net of sinusoids. In the human adult, this is perhaps the
only instance of sinusoidal circulation. In the embryo the mesonephros
(a renal organ of large size) is supplied by sinusoids derived from the
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posterior cardinal veins; the musculature of the heart grows into the
cavity of the ventricle in plates and columns covered with endothelium
(Fig. 160), thus producing a net of vascular spaces or sinusoids. Although
the sinusoidal circulation persists in these organs in lower vertebrates,
such as the frog, it is not retained in man. The sinusoids of the heart are
reduced to shallow spaces betwcen the columns of muscle seen on its inner
surface, and those of the mesonephros disappear with the transformation
of that organ into the epididymis and epoophoron in the male and female
respectively. Thick walled subdivisions which may occur in the course
of a vessel are not sinusoids. The latter have essentially the structure of
broad capillaries, from which they differ in that they arise from a single
vessel. They are therefore wholly venous or wholly arterial.

Capillary circulation arises by the union of vascular outgrowths
from two vessels, the blood in which flows in more or less opposite directions,
in other words, from an artery and a vein. The vessels to the lungs are at
first a slender blind branch from a part of the aorta, and another blind
outgrowth from the left atrium [auricle] of the heart. These extend
through a column of mesenchyma to the epithelial ramifications of the
lung, over which they branch and become united. The blood flows to
the lung through the pulmonary artery, passes into capillaries and returns
to the heart through a vein. A similar circulation is shown in the diagram,
Fig. 150. It is essentially an arterio-venous circulation. From their
mode of development, capillaries have more connective tissue around them
than the sinusoids.

A glomerulus is a round encapsulated knot of small subdivisions of
an artery which reunite before leaving the capsule, and soon after form
capillaries. Glomeruli occur in the kidney and mesonephros. They
are probably to be regarded as encapsulated capillaries rather than as
sinusoids.

All the blood vessels of the young embryo, including the aorta and the
heart, are merely endothelial tubes. Capillaries and certain sinusoids
retain this structure in the adult, but the larger vessels have thick walls
formed by transformation of the surrounding mesenchyma. The wall of the
larger vessels consists of three coats or layers; the tunica intima, which is the
endothelium with a thin layer of elastic connective tissue; the funica media,
which is chiefly smooth muscle with elastic substance intermingled; and
the funica externa [adventitia] which is a dense layer of elastic connective
tissue sometimes containing muscle. In the heart the intima is called
endocardium; the media, myecardium; and the externa, which there is
covered with the pericardial mesothelium, is the epicardium. Capillaries,
arteries, veins, and the heart will be described in order.

L |
-
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CAPILLARIES are endothelial tubes of varying diameter, the smallest
being so narrow that the blood corpuscles are distorted in passing through
them in single file. Their walls are composed of elongated, very flat cells
with irregularly wavy margins as shown in Fig. 151, from a silver nitrate
preparation. Between the cells the corpuscles, both red and white, may
make their way out of the vessel. There
are no preformed openings for this purpose,
and the endothelial cells come together after
the corpuscles have passed out. Two cells
form the circumference of small capillaries,
4.5 to 7 ¢ in diameter, and three or four
cells bound the larger ones of 8 to 13 s
Nerves end in contact with them and it iS g 1o —Carmisey From THE Tai
possible for the endothelial cells to contract. LB AL I
The bulging of their nuclei into the lumen
of the vessel, often seen in specimens of capillaries and of larger vessels,
is probably an artificial appearance. The lining in life is thought to be
smooth. Certain endothelial cells are said to be phagocytic, devouring
objects which float in the blood, and some endothelial cells have been
described as becoming detached and entering into the circulation. Small
capillaries divide without decrease in caliber, and by anastomosis with

neighboring  capillaries

: 8 they form networks differ-

“ —g'?_'d_ﬁfz"?,.f i ing widely in the size of
'y T.%.? f ; | the meshes. The closest
e %@E f:j' 4 meshes occur in the secre-
= i3 i =, tory organs and in the

i @,;E"m \ 7 ﬁg lungs and mucous mem-
= \#'| branes; the widest are
‘35 ﬂﬁ ,'l8% in muscles, the serous
’:j : g 7—4§~| membranes and the sense

I f organs. The close net-

works consist of capil-
FiG. 152 —SmaLL ARTERIES oF Max, . . ¥
Nuclei of endothelial cells; m, nuclei of circular muscle fibers, laries of ]«argﬁ C&].lb&.['} and

B R ot s gut ot Tocus. s muctes  those with wide meshes
R : are formed of more slen-
der vessels. Thus the blood supply of glandular organs is particularly
abundant. The sinusoids of the liver are close meshed and large.
ARTERIES, in approaching their terminal branches, become small
(arterioles) and as ‘precapillary vessels’ pass without line of demarcation

into capillaries. The smallest arteries are endothelial tubes encircled
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by occasional smooth muscle fibers. In Fig. 152, C, the oval nuclei of
the endothelium are seen to be elongated parallel with the course of the
vessel. As is usually the case, the walls of the endothelial cells are not
visible. The rod shaped nuclei of the muscle fibers are at right angles
with the axis of the vessel. In the somewhat larger artery, B, the muscle
fibers form a single but continuous layer, the media, outside of which the
connective tissue is compressed to make the externa. Its meshes tend
to be parallel with the vessel. The walls of such an artery are so thick
that it is possible to focus on the layers separately; thus in A, the endothe-
lium which with a delicate elastic membrane beneath it constitutes the
intima, is not seen, being out of focus. The nuclei of the media and ex-
terna are evident.

The structure of the larger arteries is illustrated by the cross section,
Fig. 154. The intima consists of endothelium resting on a layer of con-
nective tissue containing flattened cells and a network of fine elastic fibers.

Endothelial eell. Indentations made by smooth muscle fibers.
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FIG. 155, — ENDOTHELIUM OF THE MESENTERIC ARTERY OF A RABEIT. SURFACE VIEW. 3 260.

The meshes of the fibrous and elastic tissue are elongated lengthwise
of the vessel and on surface view they present a longitudinally striped
appearance. Toward the media, the intima contains a conspicuous inner
elastic membrane which is fenestrated and usually thrown into longitudinal
folds. (Fenestrated membranes have been described on page 42.) In
the smaller arteries (those under 2.8 mm. in diameter) the endothelium
rests directly upon the inner elastic membrane; and in such large ones
as the external iliacs, the principal branches of the abdominal aorta, and
the uterine arteries in young persons, the subendothelial connective
tissue is said to be lacking. The inner elastic layer is very thick in the
larger arteries of the brain, and may be double.

In the media the number of layers of circular smooth muscle fibers
increases from the precapillary vessels which have but one, to large arteries
like the brachial which have many. Sometimes the media near the intima
contains a few longitudinal fibers; these have been reported in the sub-
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clavian, splenic, renal, and dorsalis penis arteries, and in the umbilical
arteries they form a considerable inner layer. They are said to occur
especially near the places of branching. Between the circular muscles
there is a varying amount of connective tissue with wide meshed nets of
elastic fibers. The proportion between the muscle and elastic substance
varies greatly. In the aorta and pulmonary arteries the elastic tissue
far surpasses the muscular, and it predominates also in the carotid, axillary
and common iliac arteries. Muscular tissue is ascendant in the distal
arteries. The former group of vessels contains the conducting arteries,

Endothelinm, —
Internal
elastic
membrane. _j———-—-- Intima.
Elastic
fibers,
1 Media,
Extermal
elastic
membrane.
Externa,
Wasa

vasarum.

Smoath

muscle
fibrs.

FI1G. 154.—PORTION 0F A CROSS SHCTI0N OF THE BRACHIAL ARTERY oF Max., ¢ 100,

which always remain freely open; the latter are distributing arteries
which by changing their caliber control the blood supply in their areas
of distribution. After death these vessels contract, the muscle nuclei
becoming spirally twisted, and the intima thrown into longitudinal folds.
The blood is forced on into the capillaries and veins. Then as the rigidity
of the muscles passes off, the elastic tissue distends the vessel which remains
comparatively empty of blood; for this reason the ancients supposed that
arteries contained air. The umbilical arteries are exceptionally deficient
in elastic tissue and remain contracted, which aids in preventing haemor-

rhage when the umbilical cord is ruptured at birth.
9
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The externa consists of connective tissue, which is denser and contains
more elastic fibers in its inner portion. A prominent layer of elastic tissue
near the media is called the outer elastic membrane, and is especially well
developed in the carotid, brachial, femoral, coeliac, and mesenteric arteries.
It is absent from the basilar artery and most of those within the skull.
Sometimes the externa contains scattered bundles of longitudinal muscle.
In the larger vessels it contains small nutrient blood vessels, the vasa
vasorum. These may
penetrate the outer
part of the media.
Lymphatic vessels
often accompany the
blood vessels and have
branches in the ex-
terna. Their deeper
penetration is doubt-
ful, although they
have been reported in
the intima of certain
large vessels. Sen-
SOry nerves may ter-
minate in the externa
with frée endings or
in lamellar corpus-
cles, the latter being
numerous in the ab-
B dominal aorta; {free
Connective -'""h: = H‘*ﬁ‘\:}-_;’ T = SENSOry E]'ldiﬂgs are

ol = S also found in the in-
e / tima. Thevaso-molor
Yormgaryy nerves are non-medul-
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fibers which form plex-

uses in the media and terminate in contact with the muscle fibers.
These plexuses are said not to contain ganglion cells.

The largest arteries, the pulmonary and the aorta (Fig. 1535), have

a broad intima which increases in thickness with age. It consists of an

endothelium of cells less elongated than those of smaller arteries, resting

on fibrillar connective tissue with flattened round or stellate cells. Its

elastic fibers are broader toward the media, but there is no distinct inner

elastic membrane. The media consists of very many concentric elastic
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lamina connected with one another across the muscle layers which lie
between them, by elastic bands. The muscle fibers of the inner portion
have been described as short, broad and flattened elements joined to one
another so that they resemble cardiac muscle (Fig. 156). The outer muscle
is of a more ordinary form. The elastic ele-

ments greatly predominate and on section the =
fresh aorta appears yellow, not reddish like @W——C‘Haﬁa
smaller vessels. The externa contains no a

outer elastic membrane. It is relatively and
absolutely thinner than the externa in some %{ﬂ%—ﬁf‘

medium sized arteries.

Fii. 156 — BRANCHED SMooTH MuUs-

ST AT r o e B a H - . SLE CELLS FROM THE THORACIC
VEINS. The veins have thinner walls, R oy

i - . AN Tour Mox s (. | -
containing less muscle and less elastic tissue D T Eonx ManTha (). (AREs

than the corresponding arteries. Since the

artery to any structure and the returning vein often are side by side, it is fre-
quently possible to make such comparisons in a given specimen. Becauseof
thinner walls the veins often collapse, or at least are not as circular as
the arteries; they may be distended with blood, and frequently have a
larger lumen than the contracted artery. In many large veins the media
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Fi1g. 157.—PART aF A CROSS SECTION OF A VEIN FroM A Husmax Lame. < 236,
The elastic elements are drawn very black. 1, Intima ; 2, media; 3, externa.  (The middle

of the 3 objects labelled nuclei of smooth muscle is appavently an clastic fiber. )
is very thin or even absent, and the externa, containing large bundles of
longitudinal muscle fibers, becomes the principal museular coat.
Venules and precapillary veins are wider than the corresponding
arteries. Their endothelial cells are less elongated; the muscle fibers do
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not form so compact a layer and their nuclei are oval rather than rod
shaped. For some distance from the capillaries muscle fibers are absent
although encircling bundles of connective tissue may be present.

In the larger veins (Fig. 157) the intima consists of an endothelium of
polygonal cells resting on connective tissue and bounded by the inner
elastic membrane. The latter is structureless in small veins but is repre-
sented by elastic nets in the larger ones. In the intima of various veins
occasional oblique or longitudinal muscle fibers have been found. (These
occur in the iliac, femoral, saphenous and intestinal veins, the intramus-
cular part of the uterine veins, and especially in the dorsal vein of the penis
near the suspensory ligament. )

The media is best developed in the veins of the lower extremity
(especially in the popliteal), less developed in those of the upper extremity,
and still less in the larger veins of the abdominal cavity. It consists of
circular muscle fibers, elastic networks, and fibrous connective tissue, the
last being more abundant than in the arteries. In many veins the media

is represented only by connective tis-

Intima, ——e= == SU€, a5 in the superior vena cava and

sils. E - its principal tril:gﬂaries; the veins of

the retina and of the bones; and

those of the pia and dura mater.

i R o BN (il Thin walled veins of large diameter

Hunan RENAL VEIN. % 500 in the dura and Elﬁe‘-'u'hﬁ'l'ﬁ are EEI.H'EJd
Sinuses.

The externa of veins is their most highly developed layer. It con-
sists of crossed bundles of connective tissue, elastic fibers, and longitudinal
smooth muscle which, as in the trunk of the portal vein and in the renal
vein (Fig. 158), form an almost complete muscle layer. The blood and
nerve supply of veins is similar to that of arteries. The vasa vasorum are
said to be more numerous in veins, into which they empty.

The valves of veins are paired folds of the intima, each shaped like
half of a cup attached to the wall of the vein so that its convex surface
is toward the lumen. In longitudinal section they appear like the valves
of the lymphatic vessel shown in Fig. 164. The valves are generally
found distal to the point where a branch empties into the vein, and they
prevent its blood from flowing away from the heart. The valves do not oc-
curin small veins. They are most numerous in the veins of the extremities,
but appear also in the intercostal, azygos and spermatic veins. Elsewhere
they are absent. The endothelial cells on the surface of the valve toward
the lumen of the vein are elongated parallel with the current, but on the
side toward the wall of the vein they are transversely placed. Under the

Externa with longitu-
dinal smooth muscle
fibers cut across,
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former there is a thick elastic network; the transverse cells rest on a
delicate fibered connective tissue.

THE HEART. Development. The heart has already been described
as a median longitudinal vessel beneath the pharynx, formed posteriorly
by the union of the vitelline veins and terminating anteriorly in the two
ventral aortae. Such a heart from a rabbit embryo is shown in Fig. 150,
A. It soon becomes bent like a U, the venous opening being carried
forward dorsal to the aortic part as shown in B and C. The ventral or
aortic limb of the U at the same time is carried to the right of the median
plane (C). The dorsal limb is divided into two parts by an encircling
constriction, the coronary sulcus (s.c.). Its thick walled portion ventral

FiG. 159 —Emervonic HEArRTS.

A and B, From rabbits g days after coitus; €, from a human embryo of 3 (*) weeks; D and E, from a 12
mm. pig (D sectioned on the left of the median septum, and E on the right of it); F, from @ 13.6 mm.
human embryo, sectioned like E. The hearts are all in mrmﬁpondiuﬁopusi[iqus with the leit side

toward the ebserver, the anterior end toward the top of the page, the dorsal side to the right.  zo..
Aorta; e.8., coronary sinus: Lo, foramen ovale: I f., interventricular foramen; |, a., left atrium ;
p- -E:.EP'MGIIBT}' artery; p.v., pulimonary vein; F.a., right atrium ; 5. ¢., coronary solcus; v, ventricle ;
v. b., bicuspid valve; v. L., tricuspid valve: v. v., vitelline vein : v, v. 5., valves of the venous sinus.

to the sulcus is to form the veniricles of the heart; the thin walled dorsal
portion becomes the afria [auricles]. In the human embryo of three weeks
(C) the atria are represented by a single cavity subdivided into right and
left parts only by an external depression in the median plane. The right
portion receives all the veins which enter the heart (the vitelline veins and
their tributaries) and is much larger than the left portion. The cavities of
the atria not only connect with each other but they have a common outlet
into the undivided ventricle. From the ventricle the blood flows out of
the heart through the aortic limb. In a complex manner, described in
text-books of embryology, a median septum develops, dividing the heart
into right and left halves.
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In the heart of a 12 mm. pig embryo the septum has formed (Fig.
159, D) and has been exposed by cutting away most of the left atrium
and left ventricle. The septum between the atria becomes perforated
as it develops, so that in embryonic life the atria always communicate.
The perforation in the septum is the foramen ovale. (The figure shows the
blind sprout of endothelium (p.2.) growing from the left atrium to form
the pulmonary veins.) Between the left atrium and ventricle the median
septum forms a flap-like fold; this and a similar fold from the outer wall
of the heart constitute the bicuspid valve [mitral]l. The median septum
between the ventricles is never complete. It leaves an interventricular
joramen through which blood passes to the root of the aorta, which is
shown in E, a section of the same heart made on the right of the median
septum. The pulmonary artery and the part of the aorta near the heart,
develop first as a single vessel; they become separated from one another
by the formation of a partition across its lumen. As long as the dividing
wall is incomplete, the blood from either ventricle may pass out through
either artery as shown in E. In the more advanced human embryo, F,
the partition between the aorta and pulmonary arteries has extended
so that it joins the interventricular septum, and causes the interventricular
foramen to open into the root of the aorta only (s).

The figures E and F further show that the veins which empty into
the right auricle unite to form the venous sinus just before terminating.
The outlet is guarded by a valve with right and left flaps. The left is
said to assist in the closure of the foramen ovale, which occurs at birth,
and leads to the formation of the jossa ovalis of the adult. The right flap
of the venous sinus forms the valve of the vena cava [Eustachian valve]
and the valve of the coronary sinus [Thebesian valve]. The coronary
sinus, Fig. 159, F, c.s. is the persistent terminal portion of a vein which
conveyed the blood from the left side of the embryo to the right atrium.
Most of its branches are lost by anastomosis with other vessels so that in
the human adult its territory is limited to the heart itself. It is found in
the coronary sulcus. Between the right auricle and ventricle is the fri-
cuspid valve, similar to the bicuspid in its development. These valves
are seen in section in Fig. 160.

Embryologically the heart is composed of three layers, the endothelium,
mesenchyma, and mesothelium. The endothelium is continuous with that
which lines the blood vessels. The mesenchyma which surrounds it,
becomes in part differentiated into connective tissue which with the
endothelium makes the endocardinm. In part it forms cardiac muscle, the
myocardium, together with the tendinous rings (annuli fibrosi) between the
atria and ventricles. As fibrous connective tissue it extends into the valves,
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and in looser form it unites with the mesothelium to make the epicardim.
The epicardium or visceral pericardium is continuous with the parielal
pericardinm in such a way that the two layers form a closed sac which
envelops all of the heart except its base, where the large vessels enter and
leave it. The pericardial cavity within this sac was originally continuous
with the peritonaeal cavity, and in the adult the walls of these subdivisions
of the coelom have essentially the same structure. It contains the serous
pericardial fluid.

Adult siructure of the heart.
The endocardiumis a connective
tissue layer covered with an en-
dothelium composed of irregu-
larly polygonal cells. It contains
some smooth muscle fibers, and
elastic networks which, in the
atria especially, form fenestrated
membranes.. In the deeper part
of the endocardium, partially
developed cardiac muscle fibers
occur in some mammals, but
rarely in the human adult. Such
muscle fibers, characterized by
containing only a peripheral ring
of banded fibrils, are called
‘Purkinje’s fibers’. They may
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dEnS.E' ﬁbr{'}-ElaEtIC t1SsSUe  Con- tricuspid valve, v.v. 5., valves of the venous sinus.

tinuous with the annuli fibrosi.

In the atrioventricular valves there are smooth muscle fibers, most abundant
near the attached horders; and some blood vessels. The semilunar valves
of the pulmonary artery and aorta consist of connective tissue which is
denser and more elastic on the side toward the ventricles, and particularly
at the periphery and nodules of the valves. The nodules are thickenings
in the center of the circumference of each segment of the valve, which
perfect their approximation when closed. The endocardium contains
free sensory nerve endings, associated with modified connective tissue cells,
and undoubtedly motor nerves to its few muscle fibers. Lymphatic
vessels have been described in it, together with the terminal capillaries
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of the epicardial blood vessels. The capillaries of the heart are derived
from venous outgrowths of the coronary sinus which unite in the epicar-
dium with arterial outgrowths from the root of the aorta. The branches
of these vessels invade the myocardium where they form abundant capil-
lary networks and finally reach the endocardium. Some of them, especially
in the right atrium, empty into the cavities of the heart as small veins,
the wenae minimae [of Thebesius]. Since under certain conditions the
blood may flow from the heart cavity to the myocardium through these
vessels, they are of considerable importance. Their embryological history
is unknown, so that nothing can be said concerning their possible relation
to the sinusoids.

The myocardium consists of cardiac muscle, the structure of which
has been described on pages 81-8s, together with intervening connective
tissue, poor in elastic elements but containing many capillaries, motor
nerve fibers, and tissue spaces. Some lymphatic vessels pass through it.
The musculature of the atria is not completely separated from that of the
ventricles; there is an uninterrupted portion in the median septum. An
outer oblique layer of muscle covers both atria extending from one to the
other. Each has a separate inner layer of longitudinal bundles, which,
as found in the prominent ridges seen in the interior of the right atrium,
are called pectinate muscles. There are similar but less prominent struc-
tures in parts of the left atrium. DBesides these two layers, more or less
definite, there are irregularly placed cardiac muscle fibers, and some which
extend over the terminal parts of the large veins. The annuli fibrosi serve
for the attachment of the ventricular muscles. The right annulus is larger
than the left. Similar bands of fibrous tissue surround the openings of the
arteries. The complex muscle layers of the ventricle may be separated
by maceration into bands which arise in the annuli, wind spirally around
the heart, and terminate in the opposite ventricle. The deeper layers
pass through the septum and are arranged in 8 or S shaped figures. Mus-
cular elevations projecting into the veatricles are called irabeculae carneae
if columnar, or papillary muscles, if conical. The latter may be connected
with the margins of the cuspid valves by fibrous prolongations, mostly
non-muscular, named the chordae tendineae, These structures represent
the trabecular framework of the embryonic heart.

The epicardium consists of the single layered, very flat mesothelium
and the underlying layer of connective tissue, which contains groups of
fat cells. Its elastic fibers are continuous with those in the externa of
the large veins, but they cannot be traced beyond the roots of the aorta
and pulmonary artery. The epicardium contains lympathic vessels, the
main branches of the coronary blood vessels, and important nerves.
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The nerves to the heart are the cardiac nerves from the cervical
sympathetic ganglia, and certain branches of the vagus. Together these
form the cardiac plexus with the associated cardiac ganglion [of Wrisberg]
at the base of the heart. Their fibers extend in plexuses containing
groups of cell bodies, over the dorsal walls of the atria, along the coronary
sulcus, and over the ventricles where, however, cell bodies are less numerous.
They lie in the epicardium but extend into the myocardium and appear
as bundles of non-medullated fibers. A few medullated fibers, supposed
to belong chiefly with sensory nerves, are found with them. Free sensory
endings, comparable with those in tendon, are numerous in the epicardium
and occur in the connective tissue of the other lavers. They include
vagus fibers, which also terminate in baskets around the cell bodies
in the plexuses, but none are believed to pass directly to motor endings.
The motor terminations belong with ganglion cells in or near the heart.
Fibers from the cervical sympathetic ganglia may end in pericellular
-baskets like the vagus fibers, or may pass directly to the muscles. Their
exact termination is not known.

LyMPHATIC VESSELS.

The lymphatic vessels are widely distributed through the body and
physiologically they are perhaps quite as important as the blood vessels.
They are however far less conspicuous. For this reason they are often
neglected by the student, who with some study should be able to find
them in a large proportion of the specimens examined. In a rabbit embryo
of 14 days and 18 hours, Fig. 161, the lymphatic system consists of several
spaces in close relation with the veins, lined with endothelium like that
of the blood vessels. The largest sac half encircles the internal jugular
vein and sends a considerable branch into the deep connective tissue of
the neck. Another large lymph space is near the renal veins; smaller
ones are with the mesenteric vessels, the azygos, and the external mammary
veins. An examination of younger embryos indicates that these lymphatic
vessels are detached branches of the adjacent veins. They are closed
endothelial tubes which send out ramifying branches into the subcutaneous
and other connective tissue, where they anastomose with one another or
end blindly. They do not anastomose with the blood vessels, which they
resemble, except for thinner walls and larger lumen. All of the lymphatic
structures in the rabbit of 14 days become connected with each other and
with similar new lymphatic vessels so as to form a system which empties
into the veins at two points, namely, into the subclavian veins near the
internal jugulars, on either side of the body. These openings have been
described as persistent original connections of the lymphatic vessels with
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the veins, but they cannot be detected in the rabbit figured; they may be
formed later when the lymphatic system is essentially complete. In the
adult the lymphatic vessels from the legs follow the femoral, hypogastric
and common iliac vessels
to the aorta, in front of
which they form a net-
work, Here they are
joined by lymphatics from
the viscera, notably from
the intestines. The latter
vessels were called lac-
teals from their milky
appearance when filled
with fat obtained from
the alimentary canal.
The net is continued into
the thorax as one large
vessel, the thoracic duct,
which may or may not be
enlarged at its origin,
forming the cisterna chyli.
The thoracic duct
receives intercostal
branches; in places it
may be irregularly re-
solved into several small
vessels which reunite.
Near its termination in
the left subclavian vein
the thoracic duct receives
subclavian and jugular

FiG. 167, —LYMPHATIC VESSELS AND VEINS I8 A RARNT OF
W Davs, 18 Houss; 1.5 3. X 11 trunks from the left arm
The lymphatics are heavily shaded, x being along the left vagus

nerve and y along the aonta. The subclavian vein is formed by and left side of the head
the union of the primitive ulnar, Pr. U, and external mammary

veins, Ex.M. The other veins are: In.J. and Ex. )., internal 1%
and txlt_rﬂalsjuﬁulam: Ce., cephalic ; Az, azygos; V., vitelline ; respectiy EI}" On the

G., gastric ; oy 5“. srior mesenteric ; R, A, renal anastomosis ﬁghl Sidﬂ thereis a ﬂgﬁvﬂ

left renal wvein); .y inferior vena cava; Fe., femoral:

C.l
An. T., anterior tibial; Pr. I'!I., primitive fbular; . b., branch to I}'M?ﬁrﬂlf{: dﬂ&'ﬂ fnrmed

connect with the femoral vein,

by the union of vessels
from the right arm, the right side of the head and heart, and the
right lung. Sometimes the thoracic duct bifurcates in the thorax sending
a branch to the right lymphatic duct, or its main stem may be on the right
side. Instead of a single opening of each duct into the vein, there may be
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two or more. From its development the lymphatic system is a part of
the venous system, consisting of endothelial tubes ramifying in connective
tissue, anastomosing with cach other
or ending blindly. Its striking char- is
acteristic is that it is wholly afferent; it ! %':(:- ;{{ ﬂ{é o
is like a venous system which hasno @& = “= W
corresponding arteries. The fluid =

within itis derived from the intercellu- Fic. 162,
. . Connective tissue from the submucous layver of
lal‘ fissue ﬂllldﬁ- the small intestine of a cat, showing one
. hlood wessel, by three lvmphatic vessels,
The smaller lymphatic vessels I.v.; and numerous intercellular spaces, i, .

may be studied advantageously in sec-
tions of the small intestines from animals in which intestinal digestion
15 in progress. The lymphatics are then dilated. They appear as spaces
in the connective tissue (Fig. 162) which are sharply defined, thus contrast-
ing with the intercellular
spaces. Theirdistinct lining
is due to endothelium, the
nuclei of which are often
seen. They have the struc-
ture of capillaries but are of
== larger size; blood vessels of
F1G. 163 —SILVER NiTRATE PREPARATION oF 4 Lvaenatre  similar caliber have thicker

BOUNDARIES. OF THE EpOTHRELIAL CELie, sxo A - walls, The lymphatic ves-

BuLGing JusT BEVOND A VaLvE i

sels often appear empty or

contain a granular coagulum, whereas red blood corpuscles are to be
expected in the blood vessels. A structure containing many red corpus-
cles may be safely regarded as a blood vessel, but obviously an empty
vessel is by no means a lym-
phatic. Occasional red cor-
puscles find their way into
lymphatic vessels. In silver
nitrate preparations (Fig.
163) the lymphatic endo-
thelium is seen to be simi-
lar to that of the blood S
vessels. Valves are numer- S e
ous even in small lymphatic  Lymphatic yessel fom a scction of & humar, beancbue, Shov
vessels. They are folds of miizcleiiliadate sect b
endothelium such as would
result if the distal part of the vessel were pushed forward into the
proximal part. The vessels are often distended on the proximal side of
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the valve, as may be shown in injected specimens especially. One of these
swellings is shown in Fig. 163. The valves of a larger lymphatic vessel
appear in Fig. 164. )

In lymphatic vessels having a diameter of o.2-0.8 mm. or more,
three layers may be distinguished very similar to those of thin walled veins.
The intima consists of endothelium and connective tissue containing deli-
cate elastic nets with longitudinal meshes. The media has circular smooth
muscle and but little elastic tissue. The externa has bundles of longitu-
dinal muscle fibers, and similarly arranged connective tissue. The nerve
supply is like that of the blood vessels.

Although the present tendency, based upon the similar results of several
investigations, is to make a sharp distinction between tissue spaces and lymphatic
vessels, it should be noted that these have long been regarded as inseparable,
Some authorities still consider that the lvmphatic vessels open freely at their

distal ends and blend with connective tissue. Lymphatic vessels have also been
described as opening into the peritoneal cavity and other parts of the coelom
through definite mouths or siemata. The stomata are thought to be artificial.
The endothelium remains entirely separate from mesothelium so far as is known.

-

Broob.

Blood consists of rounded cells entirely separate from one another
floating in an intercellular fluid, the plasma. The plasma also contains
fragments of cells called blood plates or platelets, together with smaller
granular bodies. The blood cells or corpuscles are of two sorts, (1) red
corpuscles (erythrocytes) which become charged with the chemical com-
pound, haemoglobin, and which lose their nuclei as they become mature;
and (2) white corpuscles (leucocytes) which are of several kinds, all of them
retaining their nuclei and containing no haemoglobin. The redness of
blood is not due to the plasma, but is an optical effect produced by super-
posed layers of the haemoglobin-filled red corpuscles. Thin films of
blood, like the individual red corpuscles as seen fresh under the micro-
scope, are yellowish green. Blood has a characteristic odor which has
been ascribed to volatile fatty acids; it has an oily feeling associated with
its viscosity, an alkaline reaction and a specific gravity said to average in
the adult from 1.050 to 1.060.

Red corpuscles. The first cells in the blood are apparently all of one
sort, derived from the blood islands. They are large, round cells with
a delicate membrane and a pale granular protoplasmic reticulum; their
relatively large nuclei contain a chromatin network with several coarse
chromatin masses. Haemoglobin develops in their protoplasm giving it

ool s e Vi
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a refractive homogeneous appearance. Stained with orange G or eosin
it is clear and brightly colored, generally quite unlike any other portion
of the specimen. Often the haemoglobin has been more or less dissolved
from the corpuscles which then appear granular or reticular. Mean-
while the nucleus becomes smaller and so dense as to appear a structureless
mass, stained nearly black with haemotoxylin. This transformation of the
cells is shown in Fig. 165. Cells which are destined to produce red cor-
puscles are called erythroblasts, especially in the stages with reticular
nuclei. The later stages when the cells are smaller and have dense nuclei
are called sormoblasis. The nuclei of normoblasts have been seen to be
extruded as in Fig. 165. Before they disappear they may become mul-
berry, dumb-bell, or trefoil shaped, (as in the group in the lower left hand
corner of Fig. 174, p. 152) or they may fragment into several dark masses.
These are said to be extruded so that they lie free, outside of the cell, where
they are devoured by phagocytes. On the other hand it is believed by
some that extrusion never occurs as a

normal process, but that the nuclei are ’
dissolved within the cell. The question £ = O
. s v = | 5 i K et
has long been discussed and is not set- (e
d ; A (G2 T ) b
tled. The loss of the nuclei begins in k)
human embryos of the second month; I.-',_r‘.:;%s\'-_ ‘"a{’;i_-?; *{a
at the third month nucleated corpuscles klf:f / o AN
are still more numerous than the non- F1G. 165.—THE DEVELOPMENT OF RED

nucleated. At birth and afterwards it a, successive ._.1‘%;‘:{:2“ {he deveispmental
is unusual to find nucleated red corpus- e TUie ot o et I AR SR
cles in the circulating blood.

The erythroblasts at first divide by mitosis in the blood vessels every-
where. Later they gather about the sinusoids of the liver. Apparently
they are not only within the blood vessels but also outside of them, in the
reticular tissue between the endothelium and the hepatic cells. Red blood
corpuscles both nucleated and non-nucleated are flexible bodies incapable
of amoeboid movement; accordingly they pass out between endothelial
cells less readily than the leucocytes. The emigration of red corpuscles
is called diapedesis. In fetal life erythroblasts multiply not only in the
liver but also in the spleen. Except in a few mammals the spleen does not
normally retain this function in the adult. The red bone marrow becomes
the essential permanent location for the production of red corpuscles,
and throughout life it contains the multiplying erythroblasts. In certain
important diseases normoblasts leave the marrow and occur in the circu-
lating blood, sometimes together with large forms having reticular nuclei,
and called megaloblasis. The megaloblasts have been regarded as younger
erythrocytes than the normoblasts.
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With the loss of the nuclei the red corpuscles become smaller and cup
shaped ; they are convex on one side and concave on the other. (‘Bell
shaped,’ implying a flaring rim, is a less descriptive term; ‘saucer shaped,’
signifying that they are often shallow cups, has lately been employed.)
The protoplasmic reticulum has disappeared and the mature corpuscle
has been said to be a drop of dissolved haemoglobin enclosed in a mem-
brane. With special methods a granular network has been demonstrated

in some apparently homogeneous corpus-

cles. Others in the same preparation

“‘ff“_“;—_,,jj"ﬁi"?f—}_':}"fr—:jﬁ' may contain no reticulum. The network

has been interpreted as the remains of the
original protoplasmic net, and also as an
artificial decomposition of haemoglobin.
It occurs especially in the newly formed
corpuscles (seen in cases of anaemia).

Fi1G. 166.—RED CORPUSCLES, SKETCHED Instead of a net there may be l-ings or
WHILE CIRCULATING IN THE VESSELS .
OF THE OMENTUM OF A GUINEA FIG.  pound bodies the nature of which is: not

clear. The existence of a membrane

around the corpuscles is still debated. It does not stain distinctly,

and seems to blend with its contents. Sometimes it is described as an

exoplasmic, fatty layer. The osmotic changes in the corpuscles show

that they are surrounded by structures which are not composed of haemo-
globin, and which act as membranes.

Cup shaped corpuscles may be observed circulating in the omentum

of a guinea pig. The etherized animal should be placed beside the stage
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FiG. 167.—RED CORPUSCLES 1N VaARIOUS CONDITIONS.

of the microscope and the omentum spread over the condenser. A cover
glass is put directly upon it, and the corpuscles are examined with an oil
immersion lens. Some of them drawn frechand while they were under
observation are shown in Fig. 166. If a drop of blood from the finger is
spread upon a slide in a thin layer and examined al/ once some cup shaped
forms are seen. They soon flatten into biconcave discs, appearing as in

Fig. 167, A. Their thin centers appear light in ordinary focus, but become
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dark if the objective is raised (Fig. 167, C). The biconcave shape is appar-
ent when a corpuscle is seen on edge (Fig. 167, B). This form of the red
corpuscles is still ordinarily described as normal, since it is observed in
freshly drawn blood. The making of the thin layer has, however, sub-
jected the blood to very unnatural conditions. Very quickly the corpuscles
arrange themselves in rows, or rowleaux (Fig. 173), such as are not found
within the blood wvessels. In most of the sections which the student
examines, in preparing which various preserving fluids have been used,
cup shaped corpuscles will be seen like those in Fig. 167, D. Often they
will show irregular contractions and distortions (E). If the corpuscles
are placed in a dilute fluid, their haemoglobin is dissolved out and water
enters them. They become mere flattened membranes or shadows (Fig.
167, F). Such barely visible structures are sometimes found in urine. In
dense solutions, or in ordinary fresh preparations as they begin to dry,
water leaves the corpuscle, which shrinks, producing nodular, refractive
masses of haemoglobin called crenaled corpuscles (Fig. 167, G). A 0.6 9,
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1. Haemin crystals and 3, hacmatoidin crystals from human blood ; 2, crystals of common sali (3 s60);
: 4, haemozlobin crystals from a dog (3 1oa).

aqueous solution of common zalt is said to cause the least distortion
from swelling or shrinkage. In life, corpuscles presumably change their
shape with variations in the plasma and in the nature of the haemoglobin.
A small number of spherical corpuscles is said to occur normally. When
a drop of blood is heated to excess the corpuscles form small globules
united by stalks or entirely separate. This indicates a viscid membrane,
but does not prove the entire absence of membrane as has been asserted.
In strong picric acid the corpuscles burst, discharging their contents
through a rent in a capsule which may be largely due to the reagent.
Haemoglobin is an exceedingly complex chemical substance which
combines readily with oxygen to form exyhaemoglobin. To the latter the
bright color of arterial blood is due. Venous blood becomes similarly red
on exposure to air. Through the oxyhaemoglobin, oxygen is transferred
from the lungs to the tissues. Haemoglobin may be dissolved from the
corpuscles by mixing blood with ether, and upon evaporation it crystallizes
in rhombic shapes which vary with different animals. Those from the
dog are shown in Fig. 168, 4; in man they are also chiefly prismatic. Haetﬂﬂ-
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globin is readily decomposed into a variety of substances, some of which
retain the iron which is a part of the h&moglobin molecule; others lose it.
H aematoidin, considered identical with a pigment (bilirubin) of the bile,
is an iron-free substance occurring either as yellow or brown granules,
or as rhombic crystals. The crystals (Fig. 168, 2) may be found in old
blood extravasations within the body, as in the corpus luteum of the ovary.
H aemosiderin, which contains iron, appears as yellowish or brown granules
sometimes extremely fine, either within or between cells. The iron may
be recognized by the ferro-cyanide test which makes these minute granules
bright blue. If dry blood from a stain is placed on a slide with a crystal
of common salt the size of a pin-head, and both are dissolved in a large
drop of glacial acetic acid which is then heated to the beiling point, a com-
bination of a haemoglobin product with hydrochloric acid is formed,
called haemin. It crystallizes in
rhombic plates or prisms of ma-
hogany brown color (Fig. 168, 1).
Such crystals would show that a
suspected stain was a blood stain,
but they afford no indication of
the species of animal from which
it was derived.

The dimensions of red cor-
puscles are quite constant. Those

LE“E{JE}'IE Side view of % - -
in motion ; at rest. red corpuscles. in human blood average 7.5 /¢ in
FiG. 160.—BLoon CorrUscLES FRoM A FROG. H ' 1 1
iameter and in
4.6, and B, Surface views of red corpuscles; § after d ame U'I'd ﬂnl}f VEI_‘,?
treatment with water, X 600, from 7.2 to 7.8 ©. They some-

times surpass these limits. In
biconcave form they are about 1.6 s thick. The cups average 7 ¢ in
diameter and are 4 ¢ in depth. Spherical corpuscles are said to be 5 ¢
in diameter. The blood of mammals other than man also contains cups
which become discs. The latter are oval in the camel group but round in
all others. Their average diameters are less than in man (7.3 ¢ in the dog,
7-48 1 in the guinea-pig), but the species of animal cannot satisfactorily be
determined from the diameter of the corpuscles. It should be noted that
the blood of amphibians, reptiles and birds, in the adult contains only
nucleated red corpuscles which are oval discs more or less biconvex.
They are very large in amphibia (Fig. 16g).

The number of red corpuscles in a cubic millimeter of human blood
averages five million for men, and four million five hundred thousand for : 4
women. By diluting a small measured quantity of blood and spreading q
it over a specially ruled slide, the corpuscles may be counted, and the num-
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ber per cubic millimeter calculated. A diminished number is of clinical
importance.

The duration of the life of mature red corpuscles is unknown, but is
supposed to be brief. They may be devoured intact by phagocytes, but
generally they first break into numerous small granules. These may be
ingested by certain leucocytes, or by the peculiar endothelial cells of the
liver. Their products are thought to be eliminated in part as bile pig-
ment. The destruction of red corpuscles occurs especially in the spleen
and haemolymph glands; to a less extent in the lymph glands and red bone
marrow. Pigmented cells in some of these structures derive their pig-
ment from destroyed corpuscles. Sometimes a ‘stippling’ or granule
formation occurs within the corpuscle, which has been ascribed to degenera-
tion of the haemoglobin. The dissolution of red corpuscles is known
as haemolysis and follows the injection of certain poisonous substances
into the blood. It occurs in various diseases. The study of the effects

of mixing the blood of one species of animal with that of another has pro-

vided a very perfect means of distinguishing the species from which a
blood stain of unknown origin may have been derived. Such studies are
not histological, however.

The account of the mammalian red corpuscles may be summarized
as follows. Erythroblasts with large reticular nuclei, cell membranes,
and a protoplasmic net, are the first blood cells in the embryo. They
multiply by mitosis in the circulating blood, and most of them by acquiring
small dense nuclei become normoblasts. Haemoglobin has meanwhile
developed in their protoplasm which loses its reticulum. The mem-
brane is no longer well defined. The nucleus after more or less fragmen-
tation becomes either absorbed or extruded from the cell, which thereupon
is cup shaped. The cups are flexible and very susceptible to osmotic
changes, swelling or shrinking with alterations in the density of the sur-
rounding plasma. They are destroyed by dissolution or fragmentation,
and are often devoured by phagocytic cells. From them pigments with or
without iron are developed. The red corpuscles in the adult are formed
chiefly in the red bone marrow, and are destroyed especially in the spleen
and haemolymph glands; some of their products are eliminated in the bile.

W hite corpuscles. The leucocytes are those blood cells which retain
their nuclei and do not contain haemoglobin. About eight thousand
occur in a cubic millimeter of human blood. If their number exceeds
ten thousand the condition is called lexcocyiosis and becomes of clinical
importance. There exists, therefore, normally but one leucocyte for five
or six hundred red corpuscles. In the circulating blood the two sorts are

said not to be evenly mixed; the leucocytes are more numerous in the
10
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slower peripheral part of the blood stream, near the endothelium. The
leucocytes may be divided into three classes according to nuclear charac-
teristics, namely into lymphocytes, large mononuclear leucocytes, and poly-
morphonuclear leucocyles.

Lymphocytes are large and small. The ordinary small ones are
about the size of red corpuscles, 4 to 7.5 ¢ in diameter. Large ones may
double this diameter. Their protoplasm forms a narrow rim, sometimes
almost imperceptible, about the dense round nucleus (Fig. 170, A). The
chromatin is arranged in a network associated with coarse chromatic
masses such as cause a characteristic checkered appearance. Some of
the masses rest against the nuclear membrane. Lymphocytes are capable
of amoeboid motion but not to the extent of the polymorphonuclear type.
They form from 22 to 25 95 of all leucocytes.

Large mononuclear leucocytes, sometimes 20 /2 in diameter, possess
round, oval, slightly indented, or crescentic nuclei, which are vesicular
and usually eccentric in position. Their chromatin occurs in a few large
granules; as a whole the nu-
cleus is clear and pale (Fig.
170, B). The protoplasm,
which is abundant, usually
lacks coarse granules or other

Husias T1osve PReserveD wimn Zesxnn's Fuoso,  distinctive features.  Some-
A, Lymphocyte ; B, large mononuclear leucocyte; €, three  times it contains a few neutro-
polymorphonuclear neutrophiles.
philic granules to be described
presently. These cells are notably phagocyticc. They form only
from 1 to 39; of the leucocytes. In certain respects they are inter-
mediate between lymphocytes and polymorphonuclear cells.

Polymorphonuclear leucocytes are cells somewhat larger than red
corpuscles, being from 7.5 to 10 y in diameter. They are characterized
by having nuclei with irregular constrictions leading to an endless variety
of shapes (Fig. 170, C). The nodular subdivisions may be connected by
broad bands or by slender filaments. It is said that in degenerating cells
the nucleus is divided into several separate masses. Such unusual forms
can properly be called ‘polynuclear,’ an abbreviated term which is a mis-
nomer as applied to the ordinary cells; ‘mononuclear’ as designating the
preceding types is also unfortunate since it implies that others have several
nuclei. The irregular shape of the polymorphous nuclei has been ascribed
to degeneration, comparable with irregularities in the erythroblast nuclei,
and also to amoeboid changes associated with those of the cell body.
It has been asserted that the nuclei become rounded when the cells are at
rest. The latter explanation appears improbable. In the protoplasm a
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centrosome, or a group of its minute subdivisions, has been found in the
concavity of the nucleus. A delicate cell membrane has been described,
but membranes are usually considered lacking in all forms of leucocytes.
A fundamental characteristic of polymorphonuclear leucocytes is the devel-

e S .

opment of distinct granules in their protoplasm. These are more definite
structures than occur in ordinary protoplasm, so that lymphocytes together
with the large mononuclear cells are considered non-granular. Not only

FiG. 171.—THE BLooD CorPUSCLES. (WRIGHT'S STAIN.) (E. F. Faber, from
[a Costa's Clinical Hematology. )
I, Red corpuscles. Il, Lymphocytes and large mononuclear lencocytes. I, Neutrophiles.
- inophiles. ¥, Myelocytes (not found in normal bleod). W, Mast cells.

do the granules differ in size but also in staining reaction as may be seen
by employing the ‘blood stains.” A drop of blood is spread thinly on a
cover glass and dried, afterwards being stained with a mixture of acid
and basic dyes. The details of nuclear structure are not preserved, but
the granules are clearly differentiated. With several of the blood stains
the fine granules stain purple or lilac and the coarse ones are red in some
cells and blue in others. Only one sort of granule occurs in a single cell.
Figure 171 shows corpuscles from such a preparation.
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Cells containing coarse blue granules, which often obscure the nucleus,
are called mast cells. (The German word mast, meaning food, was applied
to them because of supposed nufritive functions.) They form about
0.5 % of the leucocytes in the blood. Along the blood vessels, especially in
the mesentery, mast cells may be found in connective tissue if it is hardened
in alcohol and stained with a basic stain like methylene blue. Zenker's
fluid, a preservative often used, destroys these granules. (The mast cells
of connective tissue are larger than those in the blood, and generally have
rounded nuclei. They have been said to arise independently of the “mast
leucocytes.”)

Polymorphonuclear cells with coarse granules which stain red with
eosin, an acid stain, are called eosinophiles [oxyphiles, acidophiles]. They
form from 2 to 4 9 of the leucocytes in the blood, a proportion greatly
increased in certain diseases. Eosinophilic cells occurring in connective
tissue sometimes have round nuclei. It is questionable whether such
forms are derived from the eosinophiles which migrate from the vessels.

The third type of granular cell, unlike the other kinds, contains fine
granules, and these stain purple or lilac by taking both stains to some extent.
They are called neutrophiles and form 7o to 72 9 of the leucocytes in the
blood. They are actively amoeboid and are the principal wandering cells
of the body, leaving the blood vessels more readily than other forms.

The relation of the various leucocytes to one another has not yet been
determined. The first forms which appear in embryonic blood have
rounded nuclei and are perhaps intermediate between lymphocytes and
large mononuclear leucocytes. They resemble the young erythroblasts
from which they may be derived. Many authorities consider it probable
that there is a common origin for all the blood cells. Like the red cor-
puscles the leucocytes in the adult are produced in the meshes of reticular
tissue outside of the blood vessels; the lymphocytes chiefly in the lymph
glands, and the granular leucocytes chiefly in the red bone marrow where
the red corpuscles also develop. The lymphocytes appear in the circu-
lation before the granular leucocytes. An investigator (Engel) of the
blood in pig embryos found that well defined leucocytes similar to lympho-
cytes appeared first in pigs of 8 cms. Another investigator (Sabin) has
recorded that in the lymph glands of an 8 em. pig the lymphocytes are first
recognizable. From these independent studies it seems that lymphocytes
appear in the lymph glands and in the blood at about the same time.
“In the guinea pig there seems to be a connection between the time of the
appearance of the polymorphonuclear leucocytes in the marrow and in
the blood” (Jolly and Acuna). The granular leucocytes appear in the
blood and in the marrow at first as cells with round nuclei. Such cells

s
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in the adult are found normally only in the marrow and are called myelo-
cyles. They enter the blood when their protoplasm is full of the granules
which develop gradually, and when their nuclei are polymorphous. Only
in disease are myelocytes and erythroblasts found in the blood of adults
but they circulate normally in the blood of young embryos. The important
question, whether the leucocytes arise directly from the mesenchymal
tissues of lymph gland and bone marrow, or from cells which have emi-
grated into them from the blood vessels, has not beensdetermined.

The large mononuclear cells with round nuclei are thought by some
to be cells from which both lymphocytes and granular forms arise. The
granules may be secretory products. Eosinophilic granules were once
thought to be transformations of the neutrophilic, occurring in old cor-
puscles. Lately they have been regarded as the ingested fragments of
red corpuscles, but the fact that they rarely, if ever, are mixed with
neutrophilic granules is against this view. The form of granule seems
to be determined by unknown factors early in the differentiation of the
leucocytes, and to be fixed for a given cell after the first granules have
appeared.

In connection with the terms applied to leucocytes it should be noted
that those with basophile granules are not called basophiles as would be
consistent, but masf cells. The non-granular lymphocytes and large mono-
nuclear cells are, however, sometimes called basophiles because their
protoplasm takes a pale basic stain. This is undesirable. Mast cells
were originally called plasma cells, a term now applied to oval cells derived
from lymphocytes by an increase in their protoplasm (Fig. 49, p. 47)-
They have eccentric nuclei, and their non-granular protoplasm stains deeply
with basic dyes. Plasma cells occur in connective tissue, but probably
not in the blood; they are of pathological importance.

The varieties of leucocytes may be reviewed as follows:

Lymphocytes, 22 to 25 9 of the leucocytes, are small (about the szie
of a red corpuscle) or large (perhaps twice the diameter of a red corpuscle),
non-granular, with round checkered nuclei.

Large mononuclear leucocytes, 1 to 3 7, may be two or three times the
diameter of red corpuscles. They are non-granular, or with few granules,
and have pale vesicular nuclei, round or crescentic.

Polymorphonuclear leucocytes, larger than red corpuscles, are gran-
ular, with nuclei variously constricted or bent. They include,—

Mast cells, 0.5 9, with very coarse basophilic granules obscuring
the nucleus.

Eosinophiles, 2 to 4 9, with coarse eosinophilic granules.

Neutrophiles, 70 to 72 %, with fine neutrophilic granules.
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Blood plaies or platelets are round or irregular protoplasmic structures,

2 to 4 #indiameter. From 245,000 to 778,000 have been estimated to occur
in a cubic millimeter of human blood. They are readily reduced to gran-
" ular debris in ordinary sections but when well preserved and stained with
Wright's blood stain it appears that they have dark granular centers and
clear peripheral zones (Fig. 172). They have formerly
, been interpreted as small nucleated cells, and as fragments
et ofleucocytes. Dr. J. H. Wright has recently shown that
: they are fragments of elongated pseudopodia of the giant
cells in the bone marrow. Their peripheral zone is ecto-
e e plasm and their inner granular part is endoplasm. Con-
Prates mesior - sequently they are non-nucleated. The giant cells are not
AT S always producing blood plates. Only certain of them
show the pseudopodia, which have been observed extending

into the blood vessels. In the blood the plates exist for some time, as they
are found in clots several days old. The function of the plates is unknown.
In drawn blood they rapidly adhere to one another forming masses, but not
rouleaux. Sometimes they present irregular projections and so have been
described as amoeboid.
In the clotting of blood
the plasma separates
into a solid part, the
fibrin and a thin fluid,
the serum. The blood
clot or thrombus con-
sists of fibrin with the
entangled corpuscles, a
mass which contracts
after it forms, squeezing
out the serum. The
fibrin is deposited (pre-
cipitated?) in slender
threads which radiate
from the blood plates
and form nets shown in

Fig' 1?3‘ ThEIE'fOI'E Fic. 173 — REp CORPUSCLES FoRMING RouvrLeavx. Fierix 1%
S Syilategvhove DoeR' | GElT Clinion Homoitary Lveon. Puazas{Frosiil
considered active agents

in the clotting of blood and have been called thrombocytes. In the blood
of amphibia, spindle shaped nucleated cells smaller than their red corpus-
cles possess adhesive properties and are also named thrombocytes. Since

S
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the plates have been shown to be fragments of giant cells they can scarcely
be homologous with the amphibian thrombocytes.

FPlasma is the fluid intercellular substance of the blood. Tt contains
various granules some of which are small fat drops received from the
thoracic duct. Others occurring in variable quantity are refractive parti-
cles, not fatty, either round or elongated; they are known as haemato-
konia (or haemokonia). In ordinary sections the plasma appears as a
granular coagulum.

LyupH.

The contents of the lymphatic vessels is called lymph. It is a fluid
which may contain the various cellular elements of blood in small numbers.
Red corpuscles and polymorphonuclear leucocytes are occasional. Lym-
phocytes are the most abundant cells, and some of them have considerable
protoplasm and are phagocytic. The lymph fluid is not identical with
plasma or with tissue fluids, vet all three are similar. Nutrient material
from the plasma traverses the tissue fluids to the epithelial cells, certain
products of which pass back into the tissue fluids. They may be taken
up by the blood or by the lymph, first passing through the endothelial cells
of the vessels. From the intestine much of the absorbed fat is transferred
across the tissue spaces to the lymphatic vessels in which it forms a milky
emulsion known as chiyle. (The small lymphatic vessels containing it have
been known as lacteals.) This example shows that lymph may exist in
more than one form. In the subclavian veins it mingles with the blood
plasma.

In ordinary sections lymph appears as a fine coagulum, containing a
few lymphocytes, and occasionally other corpuscles.



[11. SPECIAL HISTOLOGY.
BLOOD FORMING AND BLOOD DESTROYING ORGANS.

BoNe MArrOW.

Bone marrow is the soft tissue found within the central cavities of
bones. Its source in the embryo is the vascular mesenchyma invading a
cartilage which is being replaced by bone. Early in its development it
contains osteoblasts and osteoclasts, and these cells may be found in adult
marrow where it is in contact with the bone. The greater part of the
mesenchyma becomes reticular tissue with fat cells intermingled. The
meshes of the reticular tissue are occupied by an extraordinary variety of
cells, most of which are called myelocytes (marrow cells). In ordinary
sections the marrow appears as a com-
pact tissue of small cells riddled with
large round holes. Under high magnifi-
cation the holes are seen to be fat cells
the nuclei of which are here and there
included in the section (Fig. 174). The
reticular framework of the marrow con-
sists of flattened cells generally seen cut
across; theirnuclei thenappear slender and
elongated. The abundant meshwork of
fibrils associated with these cellsis not ap-

Bic. 15{—HUMAN BonE MARkow, parent in ordinary sections. In the meshes
By E1i‘t“;";ﬂ;'jg,‘,f:};’iL‘;L;E??f;‘g.?.-'f};ﬁ’;i"fﬁ: are found giant cells; premyelocyies; my-

Biant el my. neutrophylic mycloite:  elocytes which are neudrophilic, basophilic

A-b., normoblast : pm., premyvelocyie: r,, i apis

reticular tissue cell or eosinophilic; erythrocytes; lymphocyies;

and mature corpuscles both red and white.

The giant cells of the marrow have a single polymorphous nucleus.
They have been named therefore ‘ megakaryocytes,” in distinction from
the multinucleate osteoclasts or ‘pelykaryocytes” The nucleus is so
large that it may be cut into several slices, and by combining these it has
been found that the entire nucleus is a hollow sphere with perforated walls.
The nuclei, however, are very irregular and some may be of other forms.
With Wright's stain the protoplasm clearly shows an outer hyaline exo-
plasm and an inner granular endoplasm. It has been said that the latter

P
L1532



BONE MARROW. I53

is divisible into two concentric zones, which differ from the protoplasm
within the nuclear sphere. In ordinary preparations these details are
not evident. A large number of centrosome granules (over one hundred)
has been found, and pluripolar mitoses have been observed. A phago-
cvtic function has been ascribed to these giant cells, but it has also been
denied. Their origin is unknown, but is said to be from the leucocyte
series of cells. The important function of producing blood plates has but
recently been established (see page 150).

Premyelocytes are cells with laree round vesicular nuclei containing
one or two coarse chromatin masses, and surrounded by basic protoplasm
free from specific granules. Tt is possible that these cells are parents of
myelocytes.

Myelocytes are cells larger than polymorphonuclear leucocytes, hav-
ing round or crescentic nuclei and protoplasm containing a varying quan-
tity of specific granules, either neutrophilic, basophilic, or eosinophilic.
The young cells have round nuclei and few granules. The oldest become
the granular leucocytes ready to enter the blood vessels. Several genera-
tions derived by mitosis intervene between the young myelocytes and the
mature leucocytes. Most of the myelocytes are finely granular and neu-
trophilic. Some are coarsely granular and eosinophilic; others contain
the basophilic mast cell granules, but these are not well preserved in ordi-
nary specimens. In certain diseases myelocytes enter the circulating
blood, and they appear in smears as shown in Fig. 171, p. 147.

Erythrocytes are generally found in clusters, some being young with
vesicular nuclei, others being normoblasts with dense irregular nuclei such
as have already been described. Rarely a nucleus may be found which
apparently is partly extruded. Cup shaped corpuscles are seen in the
tissue meshes.

Lymphocytes are not a conspicuous element of the marrow, yet they
are present and sometimes in disease become abundant.

The relations of the blood vessels to the reticular tissue are of great
interest. It has been thought that the endothelium blends with the retic-
ulum so that no sharp distinction can be made between the two. It seems
more probable that the endothelium is merely more permeable than usual,
by a freer separation of its cells. The same problem is presented by the
blood vessels and reticular tissue of the lymph glands and spleen.

The functions of the marrow are the production and dissolution of the
bone, the storing of fat, the formation of granular leucocytes (neutrophiles,
eosinophiles, and mast cells), of red corpuscles, and to a less extent of
lymphocytes; to these some would add the destruction of red corpuscles as
indicated by ingested fragments and intercellular granules.
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Such marrow as has just been described is called red marrow. It
occurs in the bones of embryos and persists in the flat bones of the adult,—
those of the skull, the bodies of the vertebrae, the ribs and sternum,
the epiphyses, and the heads of the humerus and femur. The shafts of the
long bones contain yellow marrow which resembles ordinary fat tissue.
Between the fat cells an occasional plasma cell or myelocvte may oceur.
Yellow marrow is formed from red by the development of true fat cells
and not by fatty degeneration of myelocytes. In disease it may resume
its blood forming function and become red. In starvation it becomes
mucoid like other fat tissue.

L¥MPH NODULES AND LYMPH GLANDS.

Lymph glands, haemolvmph glands, and the spleen have a similar
origin in the embryvo. They are at first small dense areas of mesenchyma
developing near blood and lymphatic vessels. The blood vessels extend
into these areas producing a notch on one side of the mass, known as the
hilus. Here in the adult the arteries enter and veins leave. After the
invasion of the blood vessels the dense tissue is tranformed into reticular
tissue containing lymphocytes. The lymphocytes occur especially in that
part which surrounds the arteries. The veins tend to be at the periphery
of the compact lymphoid tissue surrounding the arteries and to be asso-
ciated with a portion of the reticulum which is comparatively free from
lymphocytes. Lymphatic vessels spread over the surface and into the
substance of the lymph glands, but they are absent from haemolymph
glands and from the spleen.

Lymph glands (also called lymph nodes) in early stages of develop-
ment are shown in Fig. 175, the left half of which represents a younger
stage than the right. The left portion shows a mass of reticular tissue
and lymphocytes penetrated by an artery and a vein which join through
capillaries. It is surrounded by a network of lymphatic vessels some of
which are afferent and others, toward the hilus, are efferent. Such
structures occurring in the adult are called solitary nodules [follicles]. They
are abundant in the walls of the intestine and respiratory tubes. Each
is an area of lymphocyte production characterized by crowded nuclei
which stain deeply with haematoxylin. Under low magnification the
nodule appears as a mass of dark granules (Fig. 244, p. 216) in the center
of which a lighter area is sometimes seen, the germinative center. Here
the cells are larger, resembling the large mononuclear leucocytes of the
blood, and are frequently found in mitosis. They are thought to give
rise to lymphocytes. The reticular tissue, which is concealed by the cells
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in its meshes, forms a coarser net in the germinative centers than in the
peripheral part of the nodule. Blood vessels within the nodule are incon-
spicuous and the surrounding lymphatic vessels are sometimes absent.

Afferent lymphatic vessela
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Certain of the solitary nodules are merely transient local accumulations
of lymphocytes which are diffusely distributed in the layer of reticular tissue
found beneath the intestinal epithelium.
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In the small intestine and in the vermiform process, lymphatic nodules
occur side by side, so as to form macroscopic areas visible on the inner
surface of the intestine. They are broadly elliptical, and usually from
1 to 5 cms. long though occasionally much longer. From two to forty or
more nodules may enter into the formation of one of these aggregate nod-
ules [Peyer's patches] and they may remain distinct though adjacent, as
in Fig. 241, p. 213, or they may be confluent. In the latter case they may
be recognized by their germinative centers. Their structure is that of
the solitary nodules.

The lymph glands are round or bean shaped structures, varying in
length from a few millimeters to a few centimeters. They occur along the
courses of the lymphatic vessels, as is shown in text books of anatomy.
In producing a lymph gland, as seen on the right of Fig. 175, a connect-
ive tissue capsule forms around the lymphoid tissue, into which it later
sends trabeculae and plate-like prolongations. These may unite with
similar trabeculae from the region of the hilus, as on the right of Fig. 176,
thus making columns of connective tissue extending from one side of the
gland to the other. Such a complete trabecular system is found only in
the larger lymph glands. The capsule consists of connective tissue with
elastic elements which increase with age. It contains also scattered
smooth muscle fibers; the trabeculae are of similar structure.

Beneath the capsule and surrounding the trabeculae, there is areticular
meshwork comparatively free from lymphocytes. Thisis called the lymph
sinus. It is in free communication with the afferent and efferent lym-
phatic vessels, and is also continuous with the reticulum of the dense
lymphoid tissue. Its embryological relation to the lymphatic vessels has
not been satisfactorily determined. Some consider that it is a network of
endothelial tubes closely investing slender strands of reticular tissue; others
believe that the endothelial tubes are penetrated by the reticular tissue;
and still others that the endothelium blends inseparably with the reticulum,
into which the lymphatic vessels therefore open freely. It seems justifiable
to maintain that endothelium and reticular tissue are distinct, though in
close relation. All of the functions and appearances of the sinus can be
explained if the endothelial lymphatic vessels are regarded as freely per-
meable in the gland, by separation of their cells from one another. Fig.
178 shows the trabeculae highly magnified; between them and the dense
lymphoid tissue are the lymph sinuses.

Several organs can be divided into an outer and an inner portion,
called cortex (meaning bark) and medulla (pith) respectively. The lymph
gland is one of these. Its cortical part, shown in Figs. 176 and 179, con-
sists of large lymphoid masses resembling nodules and containing germi-
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native centers. These are sometimes called secondary nodules. The
medullary portion includes cord-like prolongations of the nodules, called
medullary cords. The secondary nodules often are incompletely separated
from one another and the cords join to form a network. Both the nodules
and the cords are enveloped by the lymph sinuses, and the trabeculae if
present are in the midst of the sinuses (Figs. 177 and 178). The nodules
and cords are both composed of lymphocytes in a close-meshed reticular
tissue.

The blood vessels of the lymph gland in part enter from various
points in the capsule and run in the trabeculae, but the chief vessels enter
at the hilus. The artery divides into several branches which remain in
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Fig. 177, » 50, shows the medullary cords and trabeculae cut lengthwise in its upper part, and cul across
in'its lower part. Both the cords and the trabeculae form continuous networks. Fig 178, 0 240,
shows the fine reticular tissue of the lvmph sinugs, containing a few leucocytes.

the trabeculae for only a short distance, and then cross the lymph sinuses
to the medullary cords. They extend through the axes of the cords into
the nodules, giving off small branches which form capillary networks and
unite in veins found at the periphery of the nodules and cords. The veins
soon cross the sinuses and enter the trabeculae in which they travel toward
the hilus. A central artery, surrounded by lymphoid tissue together with
peripheral veins, is found not only in lymph glands but also in the spleen.

Thelymphatic vessels penetrate the capsule atseveral points and become
involved in the lymph sinuses. Through these, partly in endothelial tubes,
and partly in tissue spaces, the lymph flows toward the hilus which it
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leaves in the efferent vessels, fewer in number than the afferent.
cytes are added to the lymph as it passes across the gland.
Nerves to the lymph glands are not abundant. They consist of r
lated and non-medullated fibers which form plexuses about the
vessels, and supply the muscle cells in the capsule and trabeculae. T.
have not been found in the nodules and cords.



HAEMOLYMPH GLANDS. 150

HAEMOLYMPH GLANDS.

Haemolymph glands resemble lymph glands in form and also in size,
ranging from that of a “pinhead to an almond.” They occur espe-
cially in the retro-peritoneal tissue near the origin of the superior mesenteric
and renal arteries, but also in the thorax and neck. They are darker than
lymph glands, and on section yield blood in place of lymph. No lymphatic
vessels are associated with typical haemolymph glands, and instead of a
lymph sinus they possess a similar structure filled with blood, the blood
sinus. The lymphoid tissue with its blood supply, together with the cap-
sule and trabeculae, are like the corresponding structures in lymph glands.
The capillary blood vessels, however, are readily permeable so that their
contents, both plasma and corpuscles, escape into the blood sinus. The
haemolymph gland is therefore a blood filter. Many blood corpuscles
fragment and are removed from the circulation by phagocytic cells which
in consequence become pigmented. Eosinophilic cells which have been
found in haemolymph glands have been explained as due to the ingestion
of haemoglobin products. Haemolymph glands have as a second function
that of producing lymphocytes which may enter the blood vessels.

After accidents accompanied by extravasations of blood, the lymph
sinuses of lvmph glands may be filled with red corpuscles conveyed to them
by afferent lvmphatics. Such glands should not be confounded with
haemolymph glands which have no lymphatic vessels. It has been said,
however, that intermediate forms between the two sorts of glands occur,
meaning that some normal lymphatic glands contain blood in their sinuses
derived from their own blood vessels. The embryology of haemolymph
glands is unknown but it is not supposed that they are lymph glands which
in the course of development have lost their lymphatic vessels. They are
regarded rather as structures which are distinct from the outset, and which
are closely related to the spleen.

SPLEEN.

The spleen, being five or six inches long and four inches wide, is much
the largest organ of the lymph gland series. It s the first of them to de-
velop, appearing in rabbits of 14 days (10 mm.) as a condensation of the
mesenchyma in the dorsal mesentery of the stomach. At this stage the
only lymphatic vessels in the embryo are those near the jugular vein.
Lymph glands are not indicated until six days later. The blood vessels
enter the spleen at its hilus and branch freely. It is unknown whether or
not the artery ever connects with the vein. Surrounding the arterial
branches there is a zone of lymphoid tissue which is so highly developed
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in reptilian spleens that they resemble closely mammalian haemolymph
glands. In the guinea pig the lymphoid sheath of the arteries is continuous,
though narrow; in man it is so interrupted as to form a succession of spindle-
shaped or spherical masses called splenic nodules [Malpighian corpuscles].
An arterial branch passes through each nodule. Thus, as compared with
the haemolymph gland, the spleen is deficient in lymphoid tissue (Fig. 180).
The bulk of the spleen is composed of splenic pulp, which corresponds
with the blood sinus of the haemolymph glands. Its framework of retic-
ular tissue is continuous with that of the nodules, and it contains blood cor-
puscles of all sorts, special phagocytic cells known as splenic cells, and the
terminal branches of both arteries and veins. There are no lymphatic
vessels within the spleen. The capsule and trabecular framework are
highly developed as in the largest lymph glands. The following features

Fig. 180.—Diacras or A HAEMoLYMPH GLAND, A, AND oF A PART oF THE SPLEEN, B,

The arteries are shown ag slender lines (art.) and the veins as heavy anes (v.) 3 ¢, capsule ; b 8., blood
sinus, corresponding with the splenic pulp, p.; § n., sccondary nodule ; sp. n., splenic nodule; tr.,
trabecula.

of the spleen may be described in turn; the blood vessels, the pulp, the
nodules, the capsule and trabeculae, and finally the nerves.

As shown in the diagram, Fig. 181, the splenic artery enters at the
hilus and, accompanied by veins, its branches are found in the largest tra-
beculae. When about 0.2 mm. in diameter the arteries leave the trabec-
ulae in which the veins continue further. The arteries, however, are still
surrounded by a considerable connective tissue layer, the outer portion of
which becomes reticular and filled with the lymphocytes of the nodules.
The nodules occur near where the artery branches. Small arterial twigs
ramify in the nodules, in the periphery of which they anastomose before
passing on to the pulp. When the main stems are about 135 y in diameter
they lose their surrounding lymphoid layer and pass into the pulp where
they form brush-like groups of branches (penicilli). These branches do



SPLEEN. 16T

not anastomose. For a short distance before their termination the walls
of these branches possess ellipsoid thickenings due to a longitudinal ar-
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rangement of closely applied reticular fibers. These ‘sheathed arteries’
are 6-8 1 in diameter, and have been supposed to regulate the amount
of blood which enters the
distal portion of the artery.
Some authorities state that
this distal part connects
with the terminal veins,
meeting them at an acute
an.gie. According to others
such connections are infre-
quent, and still others
believe that the arteries
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The terminal veins begin as dilated structures (sometimes unfortu-
nately called *splenic sinuses,” or ‘ampullae,’ the latter term being applied
also to the terminal arteries). Their endothelial cells are so long and slen-
der as to suggest smooth muscle fibers, and like certain other endothelial
cells they are contractile. Their edges are not closely approximated, so
that corpuscles may pass between them freely as shown in Fig. 182. Around
them are encircling reticular tissue fibers, and a continuous hasement mem-
brane-like structure has been described stretching across the intervals be-
tween the endothelial cells. The existence of such a membrane has re-
cently been denied. A peculiar feature of the endothelial cells is their
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Fi1G. 183 =—PART OF A SECTION OF THE SFLEEN FROM AN ADULT Max. 0 15,

projection into the lumen of the vessel, their nuclei being at the summits
of these elevations as shown in Fig. 182. Several terminal veins unite to
form a pulp vein which enters a trabecula in which it passes toward the
hilus. The trabecular veins join to form the splenic vein.

The splenic pulp consists of a reticular tissue framework such as has
been described on p. 39. It supports the terminal arteries and the term-
inal and pulp veins, and in its meshes are the white and red corpuscles
passing between them.

The pulp appears as a diffuse mass of cells infiltrated with red cor-
puscles, and since the vessels within it are thin walled and hard to follow,
likewise containing corpuscles, it is often impossible in ordinary sections to
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determine which cells are inside and which are outside of the vessels (Fig.
183). Thenodules are not sharply separated from the pulp, so that lympho-
cytes are abundant in their ¢i¢inity. These lymphocytes enter the term-
inal veins and thus are removed from the spleen. In the splenic vein the
proportion of lymphocytes to red corpuscles is said to be seventy times as
great as in the splenic artery. One for every four red corpuscles has been
reported by two investigators, but later estimates are lower. It seems evi-
dent that lymphocyte production is an important function of the spleen.
Another is the filtration of the blood passing through the pulp. As in
haemolymph glands granular débris is found, and there are phagocytic,
pigmented, and eosinophilic cells. The phagocytes are cells with large
round nuclei and considerable protoplasm. They vary in size, but the
small forms are most numerous; these are called splenic cells. Some are
described as multinucleate. Erythroblasts are not found in the normal
adult human spleen; in certain blood diseases, however, they occur in it
and are normal in some adult mammals, as in the skunk. They are abun-
dant in the spleens of human embryvos.  Giant cells are numerous in the
spleens of voung animals but are seldom found in the human adult. They
are described as megakaryocytes. The formation of granular leucocytes,
which has been asserted, presumably does not occur.

The splenic nodules are quite like the secondary nodules of lymph
glands. They consist of a reticular tissue framework continuous with that
of the pulp, but having coarser meshes. Fine elastic fibers are associated
with it. It contains lvmphocytes, and near the central arteries germinative
centers are sometimes distinct. The nodules have been regarded as vary-
ing in shape from time to time, being but transient accumulations of lym-
phocytes.

The capsule of the spleen is divided into two layers. The outer is
the funica serosa and the inner, the funica albuginea. The serosa consists
of the peritoneal mesothelium which covers the spleen except around its
hilus, and of the underlving connective tissue. The albuginea is a dense
layer of connective tissue, containing elastic networks and smooth muscle
fibers. Similar tissue is found in the trabeculae. The muscle elements
are less numerous in the human spleen than in those of many animals.
By contraction they force blood from the pulp and cause the circulation to
follow more definite channels. When they are paralyzed the pulp becomes
filled with the blood corpuscles.

The nerves of the spleen, from the right vagus and the coeliac sym-
pathetic plexus, are medullated and non-medullated fibers, chiefly the
latter. They form plexuses around the blood vessels (Fig. 184) and send
fibers into the pulp. Besides supplying the muscles of the vessels and
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trabeculae, some of them are thought to have free sensory endings. Lym-
phatic vessels are said to occur in the capsule and trabeculae, but not in
the pulp or nodules of the spleen.

The spleen is a large organ, without obvious subdivisions. On its surface,
when fresh, there is a mottled effect due to areas bounded more or less definitely
by trabeculae. Such areas, about 1 mm. in diameter, have been described by
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The boundary between the spleen pulp and the lymphoid tissue is indicated by a dotted line.
The nerves are chiefly in the wall of an artery.

Professor Mall as ‘lobules’ and he states that they “can easily be seen on the
surface of the organ or in sections.” A lobule as he describes it, has a central
artery, and its base is where the lymphoid sheath of the artery terminates. There
are veins in the trabeculae, often three, at the periphery. A lobule is composed
of some ten structural (or histological) units, imperfectly separated from one
another by branches of the trabeculae. Each unit contains a central terminal
artery (branches of the lobular artery) and has peripheral veins (branches of
those about the lobule). Apparently, therefore, the lobules shown in the dia-
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gram, Fig. 181, except along its lower border, represent groups or pairs of Mall's
lobules. Professor Stohr notes that *“a division into lobules in the interior of
the spleen is impossible.” The arrangement of lobules at the periphery suggests
an ill-defined cortex. Lobes have also been described, corresponding with the
main branches of the splenic artery, but the lobes are not generally rccnqm?td
The spleen may present inconstant subdivisions, which sometimes produce
detached portions called accessory spleens.

THE ENTODEEMAL TRACT.

DEVELOPMENT OF THE MOUTH AND PHARYNX.

In a previous section the early development of the pharyngeal pocket
of entoderm has been described and illustrated (Fig. 20). This ‘pharynx’
of the voung embryo is to produce the fore part of the intestinal tract in-
cluding the pharynx, oesophagus, and stomach of the adult. Its anterior
extremity encounters the ectoderm at the bottom of a depression. The
ectoderm and the entoderm there fuse to make the oral plate (Fig. 185),
which becomes thin, ruptures, and disappears. Just anterior to the plate,
in the median line, the ectoderm sends a gland-
like projection toward the brain. It branches
and becomes detached from the oral ectoderm,
lying in the sella turcica of the adult. It is
known as the anterior lobe of the hypoplysis, and
it will be described with the brain, from which
the posterior lobe develops. The ectoderm in

Fig. 185, —DIAGRAM SHOWING

front of the oral plate forms also the epithelium el
of the lips and of the peripheral part of the mouth A
including the enamel organs, as has already been * '; 200 P. 15*1;#5“;}‘%15’1%‘?;1?
described. No line of separation between the D e o s
ectoderm and entoderm can be found in the adult. SETbi et ;}na:i:ﬂ:ei'hfﬁﬁ

The entoderm of the mouth and pharynx the upper jaw respectively.

constitutes the epithelium lining a broad cavity

flattened dorso-ventrally. It produces a succession of paired lateral out-
pocketings which meet corresponding ectodermal depressions. Ectoderm
and entoderm fuse where these meet, making plates similar to the oral
plate, and in fishes these rupture to produce the branchial clejts (gill
clefts). Their arrangement in a young dog-fish is shown in Fig. 186.
The mouth, m, leads into a cavity, the pharynx, which opens freely
on the outer surface of the fish through five gill clefts, g.c. It also
opens to the surface through the spiracle, sp, a structure similar to the gill
clefts but anterior to them and having a more dorsal aperture. Gill clefts
and spiracle occur on both sides of the fish. In mammalian embryos
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these structures are rudimentary; if their closing plates ever rupture they
are soon restored so that permanent openings from the pharvnx on the side
of the neck are not found. In mammals foar clefts are indicated by ecto-
dermal depressions as shown in Fig. 187. Posterior to the mouth is the
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FiG, (86 =—HEAD OF 4 YoUuNG Doc-FisH. Fic. 187.—Heap oF Housmax Eseryo oF
g. €., Gill eleft ; m., mouth ; n,, nasal pit; sp., spiracle, b mm.
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h.. hyoid arch ; m,, mouth; md., mandibu-
lar process ; n., nasal pit; sp., awditory
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auditory (spiracular) groove, which is counted as the first gill cleft; it gives

rise to the external auditory meatus and around it the auricle develops.

The ectodermal groove connected with the second gill cleft disappears.

Those of the third and fourth form a single deep depression on the side of

the neck, called the cervical sinus, which

persists only in pathological cases, and is a

source of branchial cysts.

The entodermal portion of the gill
clefts in a mammal is shown in Fig. 188.
The pharynx opens to the exterior at the
mouth, m, and divides posteriorly into the

trachea, {r, and oesophagus, ve. In the

OF A MamMmaarian Esnryvo, . . - e 5
AT AT o (S Kot L median dorsal line it gives rise to the an-

oestpagis B b pratbranenmiby  terior lobe of the hypophysis, cut off at
t.. thyreoid ; th., thymus; ir., trachea;

1.2, 3, 4, the pharyngeai pouches. ~ @- 1., and in the median ventral line to the
thyreoid gland, t. The latter grows down

through the hind part of the tongue, acquiring a position in front of the
trachea. Its branching terminal part becomes separated from its outlet,
the joramen caecum, by the obliteration of its duct (called the thyreoglossal
duct). Thus the thyreoid gland is a detached clump of endothelial tubules
in front of the trachea. The entodermal portions of the gill clefts are four
paired lateral outpocketings. The first (1) extends to the auditory groove
in the ectoderm, and it becomes in the adult the auditory tube (Eustachian
tube) and the middle ear. It will be further described with the sense
organs. The second pharyngeal pouch (2) disappears except as it forms
a depression in the lower part of which the palatine tonsil develops. Its

Fi1G, 138 =DIAGRAM oF THE PHARYNX
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epithelium may become that of the tonsil. The upper portion of the de-
pression made by the second pouch probably becomes the pharyngeal
recess [fossa of Rosenmiiller]. The third pouch, near where it meets the
ectoderm, sends a tubular diverticulum (#&) down the neck behind the
thyreoid gland; it continues into the thorax, lying ventral to the arch of the
aorta (Fig. 18g). The diverticulum loses its lumen and becomes detached
from the pharynx; it forms the thymus. Besides this elongated structure,
the third pouch produces a rounded clump of cells which becomes sepa-
rated from the upper or anterior end of the thymus. This nodulus thymi-
cus has been said to produce the glomus caroticum; but the latter is now
generally regarded as a vascular mesenchymal
structure. The nodulus thymicus has also been said
to form a small body attached to the posterior sur-
face of the thyreoid gland in the adult, and called
the parathyreeid gland. The origin of the parathy-
reoid glands, of which there may be four in man, two
on either side, iz still uncertain; and the fate of
the nodulus thymicus is obscure. The {fourth

pharyngeal pouch (4) soon becomes Y-shaped by Fic. 18

union with the postbranchial body (p.6.). The latter i
is an independent outgrowth of the pharynx, aris- E::-:%I:EfmLljitﬁ':“gllﬂsﬁ..
ing near the fourth pouch, and considered either a fff:-iﬂ??}:ﬁ.nciife’"'li'lﬁ'ﬂn[ﬁf"i[
rudimentary fifth pouch, or a structure not related R

ab., 0TI V., VETIR CAVA

to the pouches. Itelongates and fuses with the thy- e
reoid gland, from the tissue of which it is scarcely gl

to be distinguished. Embryologists differ as to whether it forms any of
the adult thyreoid gland. The fourth pouch itself produces a nodule of
tissue which has been said to form the anterior pair of parathyreoid glands,
but its fate is still uncertain.

Since the derivatives of the first pouch are to be described with the ear,
it remains to consider the palatine tonsils, as related with the second pouch;
the thymus, as derived from the third; the thyreoid, from the floor of the
mouth and from the postbranchial bodies; and the parathyvreoid glands
from the third ( 7) and fourth ( ?) pouches.

PALATINE TONSILS.

The palatine tonsils are two rounded masses of lvmphoid tissue, one
on either side of the throat, between the arches of the palate. They are
covered by the mucous membrane or tunica mucosa, which throughout the
digestive tract consists of several layers. The entodermal epithelium rests
on a connective or reticular tissue layer, the tunica propria. A structure-
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less basement membrane beneath the epithelium is called the membrana
propria. The epithelium, membrana propria, and tunica propria together
form the mucous membrane. Beneath it, and sometimes not clearly sepa-
rable from the tunica propria, is the submucous layer, or lela submucosa.
It is a vascular connective tissue by which the mucous Wnembrane is at-
tached to underlving muscles or bones. All of the layers named are in-
volved in the tonsils which, however, are essentially lymphoid accumula-
tions in the tunica propria.

The epithelium of the palatine tonsils is a stratified epithelium of
many layers, with flattened cells on its smooth free surface, and columnar

Fii. 150, —VERTICAL SECTION OF A Husax Pacatixe ToxNsiL,
a, Stratified epitheliom; b, basement membrane; ¢, tunica propria; d, trabeculae; e, diffuse lymphoid
tissue; f, nodules; h, capsule; [, mucous glands; k, sirated muscle; |, blood wessel; q, pis.
(From Radasch.)

cells beneath. Its attached surface is invaded by connective tissue ele-
vations or papillae so that it appears wavy in sections (Fig. 190). The
stratified epithelium lines from ten to twenty almost macroscopic depres-
sions called fonsillar pits or fossulae (crypts). These are irregularly cylin-
drical and sometimes branched. Many lymphocytes penetrate between
the epithelial cells and escape from the free surface into the saliva, to be-
come ‘salivary corpuscles.”’ In places the tonsillar epithelium is so full of
lymphocytes as to appear disintegrated. In the reticular tissue of the
tunica propria, especially around the pits, there are many lymph nodules,
some of which are well defined with germinative centers, but many others
are fused in indefinite masses. The lvmphoid tissue forms the bulk of the
tonsil.
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The submucous layer forms a capsule for the organ, into which it
sends trabecular prolongations. It contains many blood and lymphatic
vessels, together with the secreting portions of mucous glands, and the
branches of the glossopharyngeal nerve and of the spheno-palatine gang-
lion which supply the tonsil. Some of the small glands empty into the
pits but most of their ducts terminate in the mucous membrane surround-
ing the tonsil. They resemble other mucous glands of the mouth which
are to be described presently. Beyond the submucoesa is striated muscle,
belonging to the arches of the palate and to the superior constrictor of the
pharynx.

Except that the palatine tonsils lie in depressions which correspond
in position with the second pharyngeal pouches, they afford no evidence of
their branchial relations. Only their epithelium is entodermal. The
lymphoid tissue is mesenchymal. In these respects the palatine tonsils
resemble the median lingual tonsil which forms the posterior part of the
tongue (see page 184) and the more diffuse median pharvngeal fonsil on the
dorsal wall of the nasopharynx between the openings of the auditory tubes.
Irregular enlargements of the latter may obstruct the inner nasal openings,
producing the ‘adenoids’ of clinicians (the adjective adenoid being synony-
mous with lymphoid). The pits of the pharyngeal tonsil are smaller than
those of the palatine.

THYMUS.

The thymus arises from the two tubular prolongations of the third
pharyngeal pouches, which meet in the median line as shown in Fig. 189,
and become bound together by their connective tissue coverings. The
lumen is lost, and the cells proliferate. They form a broad, flat, bilobed
mass with a tapering prolongation up either side of the neck. The bulk
of the organ is in the thorax, beneath the upper part of the sternum. At
birth it weighs generally between 5 and 15 grams (about half an ounce),
and is relatively a large organ. It increases in size and weight for some
years after birth, probably until puberty, and then slowly atrophies. At
15 years it is said to weigh from 4o-50 grams. It is considered an active
organ even to the fortieth year, losing its functions with beginning old age
(50-60 years). Then it becomes fibrous and fatty. The importance of
the thymus has apparently been underestimated.

The thymus is subdivided by connective tissue layers into lobes from
4 to 11 mm. in diameter, and these are similarly subdivided into lobules
of about one cubic millimeter each. On either side all the lobules are
attached to a cord of medullary substance, 1-3 mm. in diameter, as may
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be seen if the gland is pulled apart. The medullary substance extends
from the cord into the lobules (Figs. 191 and 192) where it is partially sur-
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FiG. ip1.—From A CrROSs SECTION OF THE THYMUS OF A CHILD, 1 YEAR AxD g MoxTHs OLD. 3 20,

rounded by a denser cortical substance. In places the medulla is in con-
tact with interlobular connective tissue. The cortex and medulla are not
sharply separated from

Cortical substance. one another.

The cellsof the thy-
mus have been variously
interpreted.  According
to a recent investigation
(by Dr. E. T. Bell) the
thymus is at first a com-
pact mass of entodermal
cells. By vacuolization
the cells form a reticulum,
and certain of them be-
comelymphocytes. The
lymphocytes pass into
: ? the cortex where they are
e mostabundant, and enter

Fic. 192.—=FART oF A SEcTion oF THE THYMUS FROM t]lE FEF’SEIS' ThE l}"ﬂl—

A 5 Moxtus’ Humax FeEtus, » so. phoid transformation of

the thymus “is noticeable

in pigs of 3.5 cms. and is well advanced at 4.5 cms.” It has already been
stated that lymphocytes are first recognizable in the blood and in the
lymph glands of pigs of 8 cms. The possible first appearance of lympho-
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Thymic
corpuscle, -,

Tangential sections of lobules,
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cytes in the thymus and their origin from entoderm are of great interest.
That the thymus cells are lymphocytes, however, is denied by Professor
Stohr who regards the cortex as composed of round entodermal cells de-
ceptively similar to lymphocytes, and as forming a degeneration zone of
‘thymus tissue. Of true leucocytes in the thymus he says,—* In the places
where the medulla is directly in contact with the surrounding connec-
tive tissue—and such places become constantly larger and more numer-

Vein.

Cl.'.ltl.lll.i\'l 1ve Lissuee,

Thymic corpusgcle.
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Entering Medullary \ 2
leucocytes, substance. Cortical
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FiG. 195.—PART OF A SECTION OF THE THYMUS oF A CHILD AT BIRTH. X s0.

ous as the organ grows—many leucocytes wander into the medulla; they
lie in the connective tissue surrounding the medulla but not in that
around the cortex (Fig. 193).” Still another view is that the cortex
consists of reticular tissue of mesenchymal derivation, containing lym-
phocytes arising like those in lymph glands. The original entodermal
pouch is thought to become surrounded by dense mesenchyma and to form
but an insignificant part of the medalla. The nature of the thymus then
must still be considered obscure.
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Not only lymphocytes, but other leucocytes, eosinophilic cells, and
multinuclear giant cells have been found in the medulla. Erythroblasts
are said to occur in its outer portion and in the cortex. The thymus there-
fore is considered a blood forming organ. In ordinary sections it resembles
a lymph gland, from which it may be distinguished by the presence of
thymic corpuscles [Hassall’s corpuscles] in its medulla. These corpuscles
are found exclusively in the medulla of the thymus. They are rounded
bodies, at first few in number and small (12-20 # in diameter), but they
increase rapidly in size (to a diameter of 180 s) and new ones are con-
stantly forming. At birth they are numerous, varying in size as shown
in Fig. 193. To produce them, the nucleus and protoplasm of a reticular
tissue cell (entodermal) are said to enlarge. The nucleus loses its staining
capacity by changes in its chromatin, and a layer of deeply staining hyaline

Degenerated epithelial cells.

) i‘?
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Flat epithehal cells.

Tilq'gcm_-lflh'd nuclens. | \\

Fic. 1g4.—Tuymic CORPUSCLES, Ix SECTION, FROM A Max 23 YEars OLD. % 360,

substance develops in the protoplasm. This increases until it fills the entire
cell, often being arranged in concentric layers. The nucleus becomes
obliterated. Neighboring cells are concentrically compressed by the en-
largement of this structure, and by hyaline transformation they may be-
come a part of the corpuscle. The larger corpuscles are due to a fusion
of smaller ones, or to hyaline changes occurring simultaneously in a group
of cells. The central portion of a corpuscle may become calcified. Some-
times it is vacuolated, containing fat. The hyaline substance may respond
to mucus stains, but generally it does not; it has been considered similar
to the ‘colloid’ of the thyreoid gland. Leucocytes are said to become im-
bedded in the corpuscles or to enter them and assist in their disintegration.
Thymic corpuscles have beea regarded as degenerative products of the en-
todermal epithelium; as concentric connective tissue masses; and as blood
vessels with thickened walls and obliterated cavities. Injections show
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that they are not connected with the blood vessels. Although they have
recently been described as active constituents of the thymus they are gener-
ally regarded as degenerations.

The arteries of the thymus enter it along the medullary strand and
extend between the cortex and medulla, sending branches into both but
chiefly into the cortex. The cortical braaches empty into veins between
the lobules; the others into those within the medulla. There are many
interlobular lymphatic vessels beginning close to the surface of the gland,
and accompanying the blood vessels. There is nothing in the thymus to
correspond with a lymph sinus. The nerves, chiefly sympathetic fibers,
with some from the vagus, terminate on the vessels; a very few have free
endings in the medulla.

THYREOID GLAXND.

The thyreoid gland is a median, entodermal downgrowth from the
tongue; its thyreoglossal duct hecomes obliterated, leaving the foramen
caecum to mark its former outlet. The downgrowth is joined by cells
from the postbranchial bodies, which fuse with it. This entire structure
comes to lie beside and in front of the upper part of the trachea. It con-
sists of two lateral lobes, each about two inches long and an inch wide,
connected by an ésthmus, about half an inch wide, which crosses the median
line ventral to the second and third tracheal rings. An unpaired pyram-
idal lobe extends from the isthmus or adjacent part of the lateral lobe
toward the tongue (Fig. 18g). Irregular detached portions of the gland
such as occur especially along the course of the thyreoglossal duct, are
called accessory thyreoid glands.

The proliferating mass of entodermal cells forms at first a network of
solid cords. This becomes separated into small masses within each of
which a lumen may appear. The lumen enlarges and becomes spheroidal;
the entodermal cells which surround it form a simple epithelium, either
columnar, cuboidal, or flat. Flat cells are said to occur especially in old
age, low columnar or cuboidal cells being usually found. The mature
thyreoid gland consists, therefore, of rounded, closed spaces, or follicles,
bounded by a simple entodermal epithelium (Fig. 195). The follicles
vary greatly in diameter. Generally thev are rounded, but sometimes
they are elongated, and occasionally they branch or communicate with one
another. Among them are cords or clumps of cells which have not
acquired a lumen.

Within the follicles, and forming the most conspicuous feature of the
thyreoid gland in ordinary sections, is a hyaline material which stains
deeply with eosine and is named ‘colloid.’ Its chemical nature is unde-
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termined. The hyaline material in the thymic corpuscles, the hypophysis,
and in the coagulum in the cervical blood and lymphatic vessels, has also
been designated colloid. In sections of the thyreoid gland it usually does
not fill the follicle but has contracted, producing a spiny border. Gran-
ules, vacuoles, detached cells, leucocytes, and crystalloid bodies may
be found in it. It is a product of the epithelial cells, in the protoplasm of
which similar material has been detected. It has been said that it is trans-
ferred to the blood and lymphatic vessels.

As has been learned by experiment, the thyreoid gland produces an
internal secretion which is essential for the normal growth and develop-
ment of the body. It is, however, not known whether this secretion leaves
the basal or free surface of the thyreoid epithelium, and its relation to the
colloid material is not clear. The finding of two sorts of thyreoid cells,

Colloid substance,

Ta lIHl"I"i:il o0t i.|.'|||:|. of Fi |
tubufe; the epithelium
viewed from the suriace,

Tubule in transverse
seclion,

Connective tissue.

Fic. 195.—SECTION OF A LOBULE OF THE THYREOID GLAND FROM AN ADULT Max, 3 220,

one of which produces colloid, and the other does not, lacks confirmation.
The cells may exhibit refractive, secretory granules which are larger and
coarser toward the free surface. In certain animals other granules of
fatty nature have been found, especially near the basal surface. Since the
terminal bars are said to be deficient at the angles where the epithelial cells
meet, an opportunity is afforded for the contents of the follicles to pass out
between the epithelial cells to the vascular tunica propria.

The thyreoid follicles are surrounded by loose elastic connective tissue,
said to be reticular near the follicles, which contains very many blood and
lymphatic vessels. Denser connective tissue forms a capsule and lobular
partitions. The nerves from the cervical sympathetic ganglia form peri-

E"ﬂﬂ"-i;.;..
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vascular plexuses, and pass to the follicles. A few have been found to end
‘between the epithelial cells.

PARATHYREOID GLANDS.

It is generally stated that there are four parathyreoid glands in man,
the anterior or upper pair being derived from the fourth entodermal
pouches, and the posterior or lower pair from the nodulus thymicus of the
third (Fig. 18¢). Although they have been repeatedly investigated, their
origin is not vet established. In the adult they are round or oval bodies,
said to measure from 3 to 13 mm., found on the dorszal or tracheal surface
of the thyreoid gland. They may be imbedded in its capsule or attached
to it by pedicles. Sometimes they (the lower pair?) are found in the thy-

Fia. 165 —5ECTION OF A HUMAN PARATHYVREOID GLaxD. [(Huber.)

mus. It is not known that two pairs always occur. The parathyreoid
glands may be lacking on one side, where in other cases as many as four
have been recorded. Both pairs possess a similar structure unlike that of
either the thyreoid gland or the thymus, but resembling the corresponding
epithelial bodies of the lower vertebrates. They consist of masses and
cords of polygonal, entodermal cells, containing round nuclei with networks
of chromatin. The protoplasm is pale, “almost homogeneous™ or “slightly
granular,” sometimes containing vacuoles. Cell membranes are not promi-
nent. Between these cells and the large thin-walled blood vessels which
pass among them (Fig. 196), there is only a very small amount of connec-
tive tissue. A capsule surrounds the entire structure. The blood vessels
are branches of those which supply the thyreoid gland. Little is known
of the lymphatics or nerves.
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(GLOMUS CAROTICUM.

The glomus caroticum [carotid gland] has already been described as a
knot of blood vessels at the bifurcation of the common carotid artery.
It is a reddish body *““5-7 mm. long, 2.5-4 mm. broad, and 1.5 mm, thick.”
Between its thin walled, dilated capillaries there are strands of polygonal
cells said to be chromaffine and prone to disintegrate (Fig. 197). Many
nerve fibers, medulla-
ted and non-medulla-
. ted, enter the glomus

and a few multipolar
ganglion cells are asso-
ciated with them. In
its arrangement of
cells and blood vessels
it resembles a para-
- thyreoid gland, and
also the glomus coccyg-
etm which is far re-
moved from entoder-
mal structures. Since
the - nature of the
v. glomus caroticum is
undetermined, the
three views regarding

FIG. 197.—SECTION OF A PART OF THE GLOMUS CAROTICUM

oF Max. (After Schaper,) it mav be mentioned.
b.v., Blood vessels; ey, efferent veing Ar., trabecula; g.t., con- . =
4 nective tissue septum, ; :l.:"'ll".:":i-l,'jI it has been con-

sidered derived from
the nodulus thymicus, which is now said to form a parathyreoid gland.
Recently it has been found that the ‘carotid gland’ of Echidna comes from
the second pharyngeal pouch, and the non-entodermal origin of the human
glomus is ot beyond question. Second, it has been considered ganglionic
or paraganglionic in nature, so that it is classed with nervous structures.
Third, it is considered essentially a vascular formation, containing strands
of modified mesenchymal cells.

DEVELOPMENT AND STRUCTURE OF THE TONGUE.

The tongue consists of two parts, an anterior and a posterior, which
differ in origin and adult structure. Separating the branchial clefts from
one another there are columns of tissue known as branchial arches. They
come together in the median ventral line to form the floor of the mouth
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as chown in Fig. 108. In this figure the upper jaw and roof of the pharynx
have been cut away; the branchial clefts’are seen as dark depressions

bounded laterally by thin
plates. The first branchial
arch (1) is between the oral
and auditory clefts. In the
median ventral line an eleva-
tion (tuberculum: impar) arises
between this arch and the
second; it becomes contin-
uous with a larger elevated
portion of the mandibular arch
to form the anterior part of
the tongue (t'). The second
and third arches unite toward

the median ventral line and

FiG. 105.—Froor 0F THE PHARYNX OF A Io MAL
Husay EMBRYO.
I-I¥, Bronchial arches; t', anterior part of the tongue; 1=,

ey second arch, joining the posterior part of the tongue
{h'El"E Pmduce the I]I.'}htl’.l 10T 1.:-:.11.-:”:1 1ht: HLJL'I:ii.'I.Tl line. The 1]1{1'~.~ai:|1g]autil 15 I:I.r[ilh-::l.
2 The epigloitis extends over the 4th arch. (From

part of the tongue (t*). Be- McMuprich, after His.)

tween the anterior and poste-

rior parts is the opening of the thyreoglossal duct, later the foramen
caecum. The epiglottis is an elevated part of the third arch separated

FiG. Igg.—THE UPPER SURFACE OF
THE ADULT ToNGUE.

¢., Conical papillae; ep., epiglottis ;
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caecum ; ff.. position of the fli-
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lenticular papsilae ; E t.. lingual
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from the posterior part of the tongue by a
curved groove.

In the adult, Fig. 199, the dorsum of the
anterior part of the tongue is covered with
papillae. These are chiefly the slender jli-
jorm papillae and conical papillae, but knob-
like forms, the fungiform papillae, are scat-
tered among them over the entire surface.
Near the junction of the anterior and pos-
terior parts of the tongue there is a V shaped
row of larger papillae, generally 6 to 12 in
number, called vallate papillae. Their name
refers to the deep narrow depression which
encircles them. Behind the apex of the V,
which is directed toward the throat, is the
foramen caecum. On either side of the tongue,
as indicated in the figure, there are from 3
to 8 parallel vertical folds (2-5 mm. long)

occurring close together; these are the foliale papillae. In the foliate and
vallate papillae the organs of taste are most numerous. The under sur-

T2
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face of the tongue is free from epithelial papillae; its mucosa resembles
that which lines the mouth. The posterior part of the tongue contains
the lingual tonsil, and has a nodular surface covered with soft epithelium.
Laterally there are fold-like elevations called lenticular papillac.

The tongue is composed of a mucous membraae (tunica mucosa)
and a submucous layer, together with the underlying striated muscle which
forms the bulk of the organ. Tts anterior portion may be described first.

The mucous membrane is characterized by the various papillae. The
filiform papillae (Figs. 200 and 201) are cylindrical or conical elevations of
the tunica propria, each with from 5 to 20 secondary papillae at its upper
end. They consist of vascular fibrillar connective tissue with numerous
elastic fibers and are covered by a thick stratified epithelium. The outer

e epithelial cells are flat and corni-

PR fied,—that is they have undergone
a horay hyaline degeneration,—
and several slender columns of
such cells may extend bevond
the secondary papillae. The
filiform papillae are from e.7 to
3.omm.tall. Fungiform papillae,
(Fig. 201) are rounded elevations
with a somewhat constricted
base. The entire outer surface
of their connective tissue core is
beset with secondary papillae.
They contain but little elastic tis-

Fililorm

8 Secondary
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papillae.

Fat cells. Fascia linguae. Muscle. : . =
Fla. 200.—FROM A LONGITUDINAL SECTION oF THe SUC; the Epllhﬂllum 15 not as
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thick as in the filiform papillae,
and its outer cells are not cornified.  In life, fungiform papillae are red since
their epithelium transmits the color of the blood beneath. Their height
varies from o.5 to 1.5 mm. The vallate papillae resemble broad fungi-
form papillae. They are from 1 to 3 mm. broad and 1 to 1.5 mm. tall, each
being surrounded by a deep groove (Fig. 202). Their conaective tissue
often contains longitudinal, oblique, or encircling smooth muscle fibers, the
last named being found near the lateral walls. Secondary papillae
are confined to the upper wall. Occasionally the epithelium sends
branched prolongations into the underlying tissue. These may become
detached from the surface and appear as concentric bulb-like bodies such
as are generally known as ‘epithelial pearls.” There are also branched
serous glands which grow down from the epithelium, having ducts
which open into the deep grooves (Fig. 202). The foliate papillae are
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parallel folds of mucous membrane, in the epithelium of which there
are many laste buds. These structures, which occur also in the lateral walls
of the vallate papillae, require a detailed description,

Taste buds are round or oval groups of elongated epithelial cells
which extend from the inner to the outer epithelial surface; in contact with
them the nerves of taste terminate. Their position in the epithelium is
shown in Figs. 202 and 203. In the fetus of from 5 to 7 months they are
more numerous than in the adult, occurring in many filiform papillae and
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in all the fungiform, vallate and foliate forms, together with both surfaces
of the epiglottis. They are destroyed with an infiltration of leucocytes,
except those on the lateral walls of the vallate and foliate papillae, small
numbers of those on the anterior and lateral fungiform papillae, and those
on the laryngeal surface of the epiglottis. In such places they are found in
the adult.

Each bud consists of two sorts of elongated epithelial cells, among
which lymphocytes are frequently seen. Most of the cells are supporting
cells. These may be uniform in diameter or tapering toward the ends.
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may end in a short conical pro-
cess. The peripheral halves of
the cells in a taste bud converge
somewhat like the segments of
a melon, so that their ends are
brought together in a small
area. This area is at the bot-
tom of a little pore or short
canal found among the outer-
most flat cells of the epithelium.
Sometimes it is bounded by
the supporting cells. The
taste pore opens freely to the
surface, but in oblique sections
it may appear bridged as in
Fig. 203. Besides the support-
ing cells which are found at

the periphery of the bud and which terminate around or beneath the pore,
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there are more slender forms in the interior of the bud, which reach the
pore. There are also a few flat ones confined to the lower half of the bud.
The taste cells are slender structures, being thickened to accommodate the
narrow nucleus. The nucleus is usually in the middle or lower part of the
cel. Toward the taste pore these cells generally taper, and they end in a
stiff refractive process which is a cuticular formation. These processes
extend into the deeper part of the pore but do not reach its outlet. The
taste cells may have a triangular base, or end bluntly. Their protoplasm
is darker than that of the supporting cells.
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The nerves to the buds are branches of the glossopharyngeus, asso-
ciated with microscopic sympathetic ganglia. These nerves, both medul-
lated and nonmedullated, make a thick plexus in the submucous con-
nective tissue. The terminal branches probably end in part in bulb-
ous corpuscles, but most of them, as nonmedullated fibers, enter the
epithelium. Some are found between the taste buds, extending to the
outer epithelial cells generally without branching (Fig. 204). Others
enter the buds, where they divide into coarse varicose branches which
reach almost to the taste pore. They end freely, without uniting with
the cells or anastomosing with one another. The terminal branches are
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chiefly in relation with the taste cells; toa less extent they are said to
ramify about certain of the supporting cells. The taste cells are believed
to transmit to the nerves the stimuli received at the taste pore.

The tunica propria of the mucous membrane, a loose connective tissue
layer containing fat, is not sharply separated from the denser submucosa.
At the tip, or apex linguae, and over the dorsum, the submucosa is par-
ticularly firm and thick, forming the fascia linguae. Three sorts of glands
branch in the submucosa and may extend into the superficial part of the
muscle layer. These are the serous glands found near the vallate and
folliate papillae; mucous glands occurring at the root of the tongue, along its
borders, and in an area in front of the median vallate papilla; and the
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two mixed anterior lingual glands, from half an inch to an inch long, each
of which empties by five or six ducts on the under surface of the apex.
The appearance of these types of glands will be described in a following
section.

Blood wessels are numerous in the submucosa and form extensive
capillary networks in the tunica propria of both the larger and the second-
ary papillae. Small lymphatic vessels also form a network in the tunica
propria and this is continuous with a coarser net in the submucosa. The
nerves (sensory) are the terminations of the lingual branches of the man-
dibular nerve anteriorly, and of the lingual branches of the glossopharyn-
geus posteriorly. Theyv contain nerve cells which are grouped in small
ganglia, notably beneath the vallate papillae. The glossopharyngeal end-
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ings in the taste buds have been described. The others terminate in bulb-
ous corpuscles or in free endings beneath or within the epithelium.

The muscular layer consists of interwoven bundles of striated fibers
which are inserted into the submucosa or into the intermuscular connective
tissue. Some of these striated fibers are branched. The musculature
of the tongue is partly divided into right and left halves by a dense median
connective tissue partition, the sepfum linguae. 1t begins low on the
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On the left the epithelium is free from lencocyies, on the right many leucocytes are wanderning through.

hvoid bone, attains its greatest height in the middle of the tongue, and be-
comes lower anteriorly until it disappears. It does not extend clear through
the tongue since it ends 3 mm. beneath the dorsum. The muscles of the
tongue are partly vertical (genioglossus, hyoglossus, and verticalis linguae
muscles), partly longitudinal (styloglossus, chondroglossus, superior and
inferior longitudinalis linguae muscles) and partly transverse (the frans-
versus linguae muscle). The glossopalatine muscle of the palatine group
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also enters the tongue. Some of the muscle fibers are oblique but many
of the bundles cross at right angles. In the connective tissue between
them, medullated nerves are abundant. Some of these are sensory nerves
to the mucosa but many are the lingual branches of the hypoglossal nerve
which supply all the tongue muscles except the inferior longitudinal; that
one is supplied by fibers from the chorda tympani. Sensory spindles
have been found in the lingual muscles. |

The posterior part of the tongue is occupied by the lingual tonsil,
this term being a collective designation for a considerable number of
rounded masses of lvmphoid tissue. Each of these is from 1 to 4 mm. in
diameter, and is situated in the tunica propria so that it causes a low,
macroscopic elevation of the epithelium. In the center of the elevation
there is a punctate depression, or pif, lined with stratified epithelium.
Around it the lymphoid tissue is partly separable into nodules with germi-
native centers (Fig. 2z05). The entire lvmphoid structure is bounded by
a sheath of connective tissue. Numerous lymphocytes enter the epithelium,
and pass between its cells to the free surface where they escape into the
saliva. The temporary disintegration of the epithelium, due to this cause,
is shown in Fig. 206. In all these details the lingual tonsil is essentially
like the palatine tonsils.

MouTH AND PHARYNX.

The lining of the mouth, like the covering of the tongue, consists of
epithelium, tunica propria, and submucosa. At the lips toward the line
of transition from skin to mucous membrane, hairs disappear from the
skin. The epithelium becomes abruptly thicker but more transparent as
it crosses the line. Its outer cells are still cornified, but they are not so flat
and compactly placed as in the skin. The deeper cells appear vesicular.
Within the mouth, except on the tongue, cornified cells are absent. Gran-
ules of the refractive horny substance, keratoliyalin, are said to occur in
the outer cells, even in the oesophagus. The outer surface of the epithelium
is smooth, but its under surface is indented by many connective tissue
papillae, which are particularly long and slender in the lips (Fig. 207) and
gums. Cilia occur on the epithelium in the highest part of the nasal
pharynx, and in the fetus over the oral part also, and even in the oesoph-
agus. They persist only in the nasal pharynx.

The tunica propria, as is generally the case in the digestive tract, has
few elastic fibers. Some of its tissue is reticular and in this, lymphoid
accumulations are frequent; they may extend into the submucosa. On the
oral surface of the soft palate there is a layer of elastic tissue between the
propria and submucosa. A similar layer is found in the oesophageal end
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of the pharynx. It increases in thickness upward, at the expense of the
submucosa, so that it forms a thick layer in the back of the pharvnx in con-
tact with the muscles, among the fibers of which it sends prolongations.
This elastic layer, as the fascia pharyngobasilaris, is attached to the base of
the skull.

In most of the oral region there is no sharp line of separation between
the propria and the submucosa. The latter may be a loose layer contain-
ing fat, and allowing considerable movement of the mucosa, or, as in the
gums and hard palate, it may be a dense layer binding the membrane
closely to the periosteum. In the submucosa are the branches of various
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glands. On the inner border of the lips and the inner surface of the cheek
there are sebaceous glands without hairs, which first develop during puberty.
This type is described with the skin. The other oral glands are considered
in the following section.

GLANDS OF THE ORAL CAVITY.

In the general account of glands (page 32) it has been stated that
serous gland cells which produce a watery albuminoid secretion should be
distinguished from the mucous gland cells which elaborate thick mucus.
When examined fresh, serous cells are seen to contain many highly refrac-
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tive granules. In fixed preparations they may appear dark and granular
(empty of secretion) or enlarged and somewhat clearer (full of secretion),
as shown in Fig. 34, p. 32. The round nucleus is generally in the basal
half of the cell, not far from its center (Fig. 208). Mucous cells when
fresh are much less refractive than serous cells. In fixed preparations they
are typically clear since the large area occupied by mucous secretion stains
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faintly. Fully elaborated mucus, however, may be colored intensely with
certain aniline dyes, mucicarmine, and Delafield’s haematoxylin. In cer-
tain types of mucous cells the pale secretion area is large in all stages of
activity. When full of mucus, the nucleus is flattened against the base
of the cell, and when empty, the nucleus becomes more oval without essen-
tially changing its position (Fig. 208). This differs from the type of mu-
cous cell found in the gastric epithelium
in which the secretion area varies consider-
ably with the elaboration and discharge
of secretion (Fig. 35, p- 33).

(Glands may consist entirely of serous
or of mucous cells, but frequently they in-
clude cells of both sorts and are called
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SUBMAXILLARY (GLAND Do,
g oP A% appear more or less crowded away

from the lumen. Often they form a
layer outside of the mucous cells partly encircling the tubule or alveolus
and constituting a crescent [demilune]. They are shown in Fig. 216, The
serous cells of the crescent are in connection with the lumen by means of
secretory capillaries (p. 36) which branch over their surfaces, ending
blindly, after passing between the mucous cells (Fig. 209). Sometimes
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the cells of the crescent are directly in contact with the lumen. Since the
serous crescents are always associated intimately and somewhat irregularly
with mucous cells, they were naturally interpreted as a functional phase
of the latter. It is probably true that some crescents represent empty
mucous cells which have been crowded from the lumen by those full of
secretion. No secretory capillaries lead to such mucous crescents, which
moreover are not abundant. Another sort of crescentic figure is made
by the basal protoplasm in mucous cells otherwise full of secretion. Fi-
nally, in oblique sections, stellate cells associated with the basement mem-
brane may resemble true crescents.

The oral glands include serous
glands, mucous glands, and mixed gland