The principles of histology, descriptive and practical : Book I. Descriptive
histology / By Albert H. Tuttle.

Contributors

Tuttle, Albert H. 1844-
Augustus Long Health Sciences Library

Publication/Creation

[Charlottesville] : University of Virginia, Anderson Bros., 1898.
Persistent URL

https://wellcomecollection.org/works/a8ysw8py

License and attribution

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

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

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

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

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



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

|
L
48

‘-I.




&
5
S
£

inthe Citp of Aetw Pork
THE LIBRARIES

Colum

















































14. PART I. THE TISSUES,

This definition, while true of the great majority of tis-
sues, cannot be universally applied in a literal sense.
There are some tissues (e. 2., adenoid tissue) regularly
involving more than one kind of element. Such may with
propriety be called Compound Tissues.

The combination of tissues gives rise to organs of defi-
nite structure and function; and, conversely, every organ
is ultimately resolvable into its component tissues.
There are, however, certain tissue-aggregates which, while
themselves entitled to be regarded as organs, sustain a
similar relation to the structure of the larger and more
complex bodies to which that term is applied as do the
tissues themselves. Among such are the smaller blood and
lymph vessels, small glands, adenoid masses, ete. The con-
sideration of these compound factors of structure may
properly accompany that of the tissues.

There also occur in the body substances (notably the
blood) which, while they lack that coherence properly as-
sociated with the idea of a tissue, contain cellular or cor-
puscular elements analogous to those forming the basis
of tissue-structure. While they can hardly be classed as
tissues, their study is clearly within the province of His-
tology.

The cells (or, more strictly, the corpuscles) to which
reference has been made, although of exceedingly various
form and size, are fundamentally similar in that each is a
mass of (more or less modified) protoplasm provided for a






16 PART I. THE TISSUES.

(embryoniccells): thespecialization in each of these masses
of some one function, and the associated modification in
the form of the mass and of its solid products, if any,
give rise to tissue-differentiation.

The nucleus is a body usually spheroidal in form, both
physically and optically denser than the protoplasm by
which it is surrounded. It is clearly seen, even with
ordinary microscopes, to be more complex in structure
than the latter: a nuclear membrane, a more or less defi-
nite intranuclear network, and occasional granules, the
largest of which, when distinctly spheroidal in form, are
known as nuecleoli, being in many cases readily discerni-
ble. During cell-multiplication the nucleus is the seat of
important changes, which will be discussed in a subse-
quent chapter, together with its structure and that of the
surrounding protoplasm.

While we may recognize a large number of tissue-ele-
ments differing from each other in form and size, as, of
course, in function, they can all be included in a very few
primary groups, as follows.

Epithelial. those lining or investing a free surface.

Skeletal, those forming aninvesting, supporting or pro-
tective framework for an organ or for the whole body.

Contractile or Muscular, those producing by their com-
bined action definite movements.

Irritable or Nervous, those acting as reservoirs of
energy, or as channels for its discharge, or as receivers and
distributors of stimuli.

Reproductive ( modified epithelial) elements.
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18 PART 1. THE TISSUES.

they are formed, those of the female sinking (for a time)
into the subjacent tissues. Further consideration of their
formation will be deferred until the discussion of the organs
in which they occur.

The classification of the epithelia is based on the form,
arrangement, or special modification of some or all of the
constituent cells.

As regards the form of the cells, epithelia may be
A. Flattened, with flattened nuclei, comprising
1. Squamous; flattened or scale-like, with bevelled
edges; if with vertical borders, then more properly
known as
2. Pavement; having the form and disposition of
tiles. The terms squamous and pavement are often
confounded; they are here used to distinguish
clearly recognizable differences of form.

B. Isodiametric, or with nearly equal dimensions in
various directions, the nuclei central and spherical or
nearly so. Known as

3. Polyhedral; also called Cuboidal, Spheroidal,
and, from its most frequent occurrence, Glandular;
where found on curved surfaces thecells are not un-
frequently wedge-shaped or pyramidal through
COMpression.

C. Vertically elongated; the nucleus undergoing a simi-
lar change of form, and in some cases situated nearer the
base than the free end of the cell. Termed

4. Columnar: the various modifications of form
may be distinguished as cylindrical, prismatic,

club-shaped, ete.
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by intercellular spaces and channels. By some these pro-
cesses are regarded as continuations of the protoplasm,
by others of the modified surface of the cell. They will be
discussed more fully in connection with the skin.

The term Endothelium is applied to the pavement epi-
thelium lining the vascular, serous and to some extent the
synovial surfaces. Embryological considerations led the
earlier histologists to regard it as quite distinet in origin
from other epithelia; moreextended knowledge hasshown
this distinction to be doubtful, and some have urged
that the use of the term endothelium should be abandoned
altogether. There are reasons why it appears to be well
to retain the term with the significance above indicated:
as thus applied, it can also be defined as a layer of con-
nective tissue cells on a free surface, a definition that will
receive further consideration in another chapter.

Serous endothelium, when viewed from above, presents
a mosaic of polygons whose various dimensions are nearly
equal, and whose boundary lines are straight and short.
Vascular endothelium is made up of cells elongated in
the direction of the vessel which they line, and tapering at

each extremity. The boundary lines are long and SINuous.

The terms epithelioid and (more commonly) endotheli-
oid are applied to layers of connective tissue-corpuscles
which resemble epithelium in their regularity, but are not
found upon a free surface. The description of these layers
does not, however, properly belong to the discussion of
the epithelia.
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The matrix thus formed is at first of slight consistency,
and homogeneous 1n structure. It may become strength-
ened by subsequent direct modification in density and ten-
acity; by calcification, lamination, or fibrillation; or by
various combinations of these methods. The various
changes in the structure of the matrix thus produced, with
the concomitant changesin the form, number and arrange-
ment of the corpuscles, give rise to a variety of tissues
which have an essential community of function directly
associated with their fundamental community of strue-
ture. The former is illustrated by the facts of compara-
tive anatomy, which show that these tissues replace each
other to a very great extent in different vertebrates; and
the latter by the substitutions and adventitious growths
that occur abnormally in the human body. Aswill readily
be supposed, they have a common embryonic origin.

The term Skeletal Tissues is here applied to the mem-
bers of this group because of their chief function. They
are the framework tissues of the body, investing and pen-
etiating everv organ, and supporting and protecting every
other tissue. On account of their continuity, and the part
they play in binding the organs of the body to each other
they are also widely known as the Connective Tissues;
a term, however, more appropriately used in its original
significance, as applied to one of the principal divisions of
the group.

As will be readily inferred from what has already been
stated, the classification of the skeletal tissues is based in
part on differences in the form and disposition of the cor-
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bility are needed ; in the intervertebral disks, in in-
terarticular masses, at the margins of ball-and-
socket joints, in the sacro-iliac articulations, in the
svmphysis pubis. As distinguished from the pre-
ceding it is sometimes termed white fibro-cartil-
age.

Fibro-cartilage may also be described as consist-
ing of masses of interwoven bundles of fibrous tis-
sue with small nodules of hyaline cartilage inter-
spersed sparingly in the meshes. So considered, it
may be regarded as a mixture of fibrous and cartil-

age tissues.

Cartilage always originates as a mass of contignous
spheroidal or polyhedral cells. As development proceeds
the cells are seen to be separated by thin layers of a color-
less substance, which is formed by the deposition about
each cell of a layer of matrix substance known as the
ca.psule of the cell; cellular cartilage never proceeds be-
vond this stage: in the case of hyaline cartilage the mat-
rix substance accumulates between the capsules by exter-
nal deposition, or else is formed by the gradual transfor-
mation and removal of the capsules. Reticular cartilage is
always pre-formed as hyaline cartilage, the elastic fibres
afterwards appearing in the matrix. In fibro-cartilage the
cartilaginous substance and the fibrous tissue are said to

appear simultaneously.,

Cartilage grows by cell-division, which can without diffi-
culty be seen to have been in progress during life in any

good section of hyaline cartilage, the corpuscles being
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32 PART I. THE TISSUES.

body put together. Three of them, namely, corneal tis-
sue, bone tissue and dentine, resemble each other and differ
from all the rest in the fact that the fibres formed by the
union of the fibrillae are always very minute and are closely
felted together to form definite lamellae between which or
exterior to which the fixed corpuscles are situated: the
first of these is remarkable for its extreme transparency ;
the other two are normally and extensively calcified, form-
ing tissues of great density and firmness. Their further
description will best be deferred to a subsequent chapter,

The remaining members of the group constitute the Fi-
brous Tissues proper or the Connective Tissues in the
more limited sense in which the term may best be used.
Of these one is chiefly if not entirely embryonie, existing in
the adult human body only in an extremely modified form.
As it is an essential constituent of an important foetal
structure, it merits a description as a distinet form of con-
nective tissue: and since it is the precursor of most of the
others, its discussion may properly precede their classifica-
tion and description.

Mucous Tissue (or, as it is also called, gelatinous tis-
sue): the matrix 1s at first homogeneous, transparent and
semi-fluid in consistency ; it 18 described as albuminous in
composition, with the addition of muein: fibres very early
begin to appear in it, their mode of formation being not
vet fully determined: the fixed corpuscles are irregular,
branching, connected by their slender processes into a net-
work : in addition there are to be seen here and there in
the matrix scattered isolated corpuscles which in the fresh
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in some respects from cellular cartilage, approaches more
nearly to it than to mucous tissue as here defined. The
pulp of the teeth also consists in part of a modified form
of gelatinous tissue, which will be more fully described in
connection with those organs.

Passing now to the consideration of the fibrous tissues
proper, as defined by the limitations recently indicated, it
is important to note at the outset that the fibres which 1n
every case enter so largely into their composition are of
two kinds, both of which are present in most of the tis-
sues in question, though ‘their proportions may vary ex-

‘ceedingly; the characters of the tissues included in the
group being in great measure based upon the proportion
of the two kinds of fibres, and the modes of their disposi-
tion. These are known respectively as white fibres and
yellow or elastic fibres.
ments of collagen (which, as has been stated, is converti-
ble into gelatin by boiling), rarely more than a micron in
diameter, and often much less; thev are almost always
united into bundles of varying size; when so united the
fibres have a silkv appearance, and tend to assume a char-
acteristic waviness in which all the fibres of the bundle par-
ticipate in such manner as to retain their almost strictly
parallel arrangement: the bundles are again frequently
united together in larger aggregates sometimes termed
trabeculae: white fibres are very tenacious and entirely
devoid of elasticity.

The elastic fibres are coarser than the white and more
variable in thickness, being from one to six miera in diam-
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substance of the matrix along lines not in actual contact
with any mass of protoplasm; although it is freely ad-
mitted that the proximity of such masses (the corpuscles)
may have a decided influence in initiating and determin-
ing such a process. In the case of the elastic fibres, there
is good reason for the view (first proposed by Ranvier)
that the elastin is deposited in the matrix in the form of
small globules, which later fuse together to form fibres:
this, if true, will account for the transverse striation
already mentioned.

The corpuscles of the fibrous tissues also demand pre-
Jliminary consideration. It has already been indicated
that each tissue is characterized by the presence of a spe-
cific form of fixed corpuscle peculiar to it; in the case of
mucous tissue the presence of migratory corpuscles, or, as
they are very frequently termed, leucocytes has been men-
tioned as a feature in which this tissue may be taken as
a type of the group: and reference has been made to other
accessory or adventitious corpuscles. The fixed corpus-
cles proper to each tissue may best be described in connec-
tion with its definition: the nature and origin of leuco-
cvtes will be considered later in connection with the de-
scription of the lymph and the blood: the accessory cor-
puscles now call for discussion. They are often spoken of
as modified fixed corpuscles: but while one form is cer-
tainly and others are possibly derived from these bodies,
there is reason to question whether those of one (if not of
more than one) kind are not modified leucocytes: omit-
ting further discussion of their origin (savein one instance)

they may be described as follows.
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aranules are often so numerous and so closely packed that
the nucleus and other structural features are entirely hid-
den; in some cases, however, they are much less abundant.

The following classification of the fibrous tissuesis based
upon the general disposition of the fibres present, their
abundance, the proportionate amount of the two kinds of
fibres, the details of their distribution, and on the kinds
and relative quantities of the associated corpuscles.

A. Fibres varying in abundance, solitary or aggregated
into bundles and trabeculae running irregularly in various
directions, loosely interwoven or more or less closely felted
together.

1. Areolar Tissue: called by the older histologists
cellular tissue: found beneath the fibrous layer
of the skin as subcutaneous, beneath the mucous
membranes as submucous, and the serous mem-
branes as subserous, in the interspaces between
adjacent organs as intermediate, upon their sur-
faces asinvesting and forming theirinternal frame-
work as penetrating areolar tissue, it is well nigh
continuous throughout the entire body and merits
in the strictest sense the name of connective tis-
sue. The matrix consists in part of a semi-solid
homogeneous ground-substance, penetrated in
every direction by interlacing bundles and trabecu-
lae of white fibres and by elastic fibres either soli-
tary or in bundles: the bundles of fibres may vary
greatly both in their total amount and in the pro-
portion of the two varieties; but they are never

so numerous but that irregular spaces of varying
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A. Fibres varying in quantity, loosely interwoven or
felted (continued).

up the areolae, and undergo fatty transformation,
giving rise to small fat lobules which are gathered
together to form the fat masses visible to the naked
eyve: the blood supply of these localities is always
greatly increased, each lobule having a capillary
system of its own, while the fibres hetween the cor-
puscles undergo no corresponding increase in num-
ber, and in some cases are exceedingly scanty.

3. Retiform Tissue, or, as it is also called, reticu-
lar tissue: this, as its name implies, consists
chiefly of a network of fibres, or rather of fibre bun-
dles and trabeculae composed chiefly of what are
in all probability most nearly allied to white fibres;
true elastic fibres are very sparingly present or are
wanting altogether, as is the homogeneous ground
substance characteristic of areolar tissue. The
fixed corpuscles are flattened, adhering closely to
the surfaces of the bundles and trabeculae, and are
often so numerous as to form an endothelioid in-
vestment. Retiform tissue may perhaps be re-
garded as a modification in the direction of greater
stability of areolar tissue (with which itis often di-
rectly continuous), and forms the internal frame-
work of some organs, as well as the basis of the
two compound tissues known respectively as ade-
noid tissue and marrow. The former of these will
be deseribed in connection with the lvmphatic sys-
tem, and the latter in connection with bone.
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A. Fibres varying in quantity, loosely interwoven, or
felted (continued).

4. Fibrous Membrane: this differs from areolar tis-
sue chiefly in the fact that the bundles and trabecu-
lae of fibres, both white and elastic, are far more
numerous and closely felted together, obliterating
the areolae and leaving small space for the inter-
fascicular ground substance: the fixed corpuscles
are quite numerous, but are, as a rule, smaller than
those of areolar tissue, and, with their nuclei, gen-
erally flattened in the direction of the membrane
in which they lie; both plasma and granule cells
may be occasionally present, and in some cases
pigment cells occur in great numbers: fat cells but
r:arely.

The principal membranous tracts of the body
(e. g., the mucous membranes) which support epi-
thelial or endothelial layers aresometimes more or
less clearly divisible into a stroma, which makes up
by far the greatest part of the laver, and a delicate
film situated just beneath the epithelium and
known asthe basement membrane, or membrana
propria; this is sometimes an endothelioid layer Of
corpuscles, and in other instances a special conden-
sation of the fibres, either white or elastic. Such
differentiation does not occur in those investing
membranes such as the perichondrium already re-
ferred to in connection with cartilages, the similar
periosteum of bones, etc., which are not associated
with a free surface. Elastic membranes consist
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A. Fibres varying in quantity, loosely interwoven, or
felted (continued). %
chiefly or entirely of elastic fibres, or, in some cases,
of continuous layers of elastin.

5. Fenestrated membrane: this form of membrane
is produced where, in an otherwise normally formed
fibrous membrane, there are at intervals of greater
or less extent neither fibre bundles nor ground-sub-
stance, thus leaving rounded openings of various
size and frequency, as in the omentum of man and
of numerous mammals. Fenestrated membranes
may also consist chiefly, if not entirely, of elastic
tissue, in which the fibrous structure at times dis-
appears in great measure, as in the fenestrated
elastic membranes of the blood vessels.

B. Fibres exceedingly abundant, one or the other kind
predominating, aggregated into smaller and larger bun-
dles, which are in a generally way disposed parallelwise:
ground-substance very scanty. Fixed corpuscles few, flat-
tened between the bundles of fibres.

6. Tendon tissue or white fibrous tissue: as areo-
lar tissue merits in the strictest sense the name of
connective tissue, so this, above all others, merits
that of fibrous tissue. It consists almost exclu-
sively of white fibres: these are united together
in small bundles by a small quantity of ground-
substance, each being covered by an endothelioid
layer of flattened corpuscles: the smaller bundles
are gathered together with occasional anastomo-
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B, Fibres abundant, chiefly of one kind, in parallel bun-
dles (continued).

forms of skeletal tissue in having no characteristic
fixed corpuscles, none being found in it that can
with certainty be regarded as such: some authors
have described in this connection flattened corpus-
cles found scattered in the ground-substance he-
tween the fibres and in close apposition with the
latter; it 1s not, however, certain that these do
not more properly belong with the interstitial con-
nective tissue. The term elastic tissue is by some
histologists applied alike to the chief constituent
of elastic ligaments (in which sense it is here de-
fined), and to that of elastic membranes.

We may now with profit revert to the definition of endo-
thelium given in a previous chapter, which described it as
a layer of connective tissue corpuscles on a free surface.
We have seen that the association of corpuscles with
fibrous structures is characteristic of the connective tis-
sues: embryological evidence shows that the serous and
vascular cavities are alike formed by cleavages or excava-
tions of the mass of embryonic cells from which the skele-
tal tissues are derived: the tendency of connective-tissue
corpuscles to arrange themselves in layers (properly
termed endothelioid) has been mentioned in connection
with such structures as basement membranes, theinvesting
lavers of small tendons and tendon-bundles, ete.: and, as
we shall see later, the direct continuity between endothe-
lioid cells and connective tissue corpuscles can be observed
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undergo marked changes to which the name of death is
certainly not inappropriate.

These changes are generally regarded as due primarily
to the death of the corpuscles: but this merely shifts the
problem. It is difficult to conceive that any single nucle-
ated mass of protoplasm should retain its powers una-
bated for half a century or moge; but if it may, what are
its probable activities in the case, for example, of a tendon
cell? If, on the contrary (as seems more probable), it is
constantly renewed, what are the activities of the succes-
sive generations? The phenomena of tissue-repair in the
case of injuries throw some light on the problem, but it is,
on the whole, at present unsolved. It is desirable, how-
ever for the student to know of its existence.

Before dismissing the discussion of the fibrous tissues it
is proper briefly to mention a form of tissue at first sup-
posed to be a member of this group, and described as a
modification of retiform tissue: subsequent investigations
have shown, however, that it differs in important re-
spects from any of the trueconnective tissues in structure,
and is of widely differing embryonic origin. It is the sus-
tentacular tissue of the brain and spinal cord, and is
known at present by the name of neuroglia. It is com-
posed entirely of branching corpuscles and their fibrillar
processes, known as glia-cells: their full deseription can
best be given in connection with the nervous tissues with
which they are associated.
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proposed for the group: but it should always be borne
clearly in mind that they are more nearly related to the

fibrous tissue group than are either of them to the car--
tilages: this is the more important because of the fact

that one of them, osseous tissue, largely replaces cartilage
in the formation of most of the bones of the body, thus
giving rise to the impression that these two tissues are
closely allied, and that the latter is in some way trans-
formable into the former, an error which leads to much
unnecessary confusion.

2[- = The formation of dentine, the most peculiar member of

'f“ _s:;mu&thé group, 1s so intimately related to that of the other tis-

B I

ada e gnes of the teeth, (of which it forms the largest part), and
d especially with that of the pulp contained in the tooth-
cavity that it cannot well be discussed apart from these
associated structures: they will be considered together
when the teeth are described in connection with the other

organs of the region in which they occur.

— Since corneal tissue is found only in the structure from
= which it derives its name, its consideration might in like
i, ., manner with propriety be deferred until the description of

b the eye. There are, however, points of resemblance be-
! tween it and bone tissue which make its study desirable
as a prelimmary to that of the latter, particularly as the
absence of calcification renders far easier the recognition
of important details.
The transparent lamellae which form almost its entire
bulk are quite uniform in thickness throughout the entire
cornea: they are composed of white fibres running parallel
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canal-systems separated by the lamellae. The surfaces of
the cornea, both anterior and posterior, are invested by
membranes in direct contact with the most superficial
lamellae; but there 1s no genetic relationship between the
membranes and the lamellae beneath. Farther description
of these membranes, and of the epithelia supported by
them, will be deferred to a subsequent portion of this
work.

It should be stated before leaving the deseription of cor-
neal tissue that the use of the termslacunae and canaliculi,
as here applied to the corneal spaces and lymph channels,
1s unusual. It 1s warranted by the resemblance between
these spaces and channels and those occurring in osseous
tissue to which these names are commonly applied; and
is offered here from the conviction that a clear idea of the
resemblances (and also of the differences) of the two tis-
sues will aid materiallv in a clearer understanding of the

structure of the latter.

The terms bone tissue and osseous tissue are applied

indifferently to the chief constituent of the organs well

e known as bones: like all skeletal tissnes, it can be defined

by the structure of the matrix and the forms and relations
«a- . of the hxed corpuscles.

ﬁ&ﬁjﬁa The matrix consists of thin lamellae composed in part

of fibres (the mode of whose arrangement is not clearly

demonstrable), and in part of a homogeneous ground-

substance which is strongly impregnated with lime and

other salts, calcium phosphate being the chief. Prolonged

boiling converts the fibres into a substance which has been
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bones oceur which consist ssmply of a few parallel lamel-
lae. In man and the higher animals, however, these fac-
tors are always arranged in one of two methods which
are so constant as to constitute two distincet forms of
osseous tissue called respectively dense and spongy bone.

In the former the great majority of the lamellae are ar-
ranged concentrically to narrow tubular spaces known as
Haversian canals; these containblood vessels, lvmphatics
and a small quantity of another tissue presently to be de-
scribed ; they are of varying length, running in a general
way parallel to the surface of the mass in which they oc-
cur, and anastomosing frequently: Each is surrounded by
several lamellae whose lacunae are put into communica-
tion with it by means of transverse canaliculi. A Haver-
sian canal and its surrounding lamellae constitute a Ha-
versian system. In the irregular spaces between the
Haversian systems of dense bone are found discontinuous
lamellae also as a rule lying in a general way parallel to
the surface of the mass: these are known as interstitial
lamellae; and beneath the outer surface are always found
more or fewer lamellae pa rallel therewith and exterior to
the Haversian systems: these are known as circumferen-
tial lamellae.

The circumferential lamellae in all large masses of dense
hone are pierced here and there by oblique canals for
blood vessels, ete., which communicate with the Haver-
sion canals, but differ from them in having no surround-
ing lamellae: these are known as Volkmann’s canals.
They are also penetrated transversely by bundles of
white fibres (which have undergone calcification) proceed-
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The periosteum, as found upon the surface of the bones
of adult and particularly of elderly individuals, is a thin,
tough, closely felted membrane which adheres tenaciously
to the structure beneath: it can, nevertheless, be in most
cases resolved into two distinct layers. In adolescence,
childhood, and notably in foetal life these are clearly dis-
tinguishable. The outer or fibrous layer has the structure
of an ordinary membrane, the constituent bundles (chiefly
of white fibres) being closely interwoven, and the fixed
corpuscles flattened, with flattened nuclei: here and there
occasional fat cells may be seen, with numerous blood ves-
sels and lymphatics, as well as delicate nerves: the outer
surface frequently exhibits extensive areas having an en-
dothelioid investment.

The inner or osteogenetic layer is more loosely felted,
and contains a larger proportion of elastic fibres: toward
the surface of the osseous tissue it contains numerous cor-
puscles which (particularly in young bone) are larger and
more irregular in form than those of the outer laver; the
protoplasm is granular and the nuclei arespheroidal : these
are know as osteoblasts, and in youth are direetly con-
cerned in the formation of new bone, as their name and
that of the layer which includes them implies. In adult
bone they become flattened and 1nactive, forming a layer

just without the osseous tissue.

The complex tissue known as marrow fills the internal
cavities of all bones: those in the shafts of the long bones
are filled with yellow marrow; the Haversian spaces of
spongy bone, in most places where it occurs, with red
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Robin, who believed them to be peculiar to marrow ; but
bodies to all appearances similar to them have since been
found in other tissues. It was proposed by Kolliker to
call them osteoclasts, from the belief that they were agents -
in the absorption of bone; where, as sometimes occurs in
embryonic bone, the marrow lies in contact with tempor-
ary cartilage which has begun to be absorbed, it has been
proposed to call them chondroclasts for a similar reason:
this view of their functionis supported by thefact that they
not infrequently (but by no means invariably) lie in little
pits or depressions of the surface of the bone or cartilage
undergoing absorption: these pits have been called How-
ship’'slacunae or foveolae. Nothing, however, has yet been
certainly proven concerning the function of these bodies:
the name first given is therefore for the present at least the
most desirable.

The giant cells are of two kinds, differing chiefly as to
their nuclei. Some show a large number of these bodies;
others have but a single nucleus, which is always very
large, and frequently of an exceedingly irregular shape: the
former are termed multinuclear and thelatter uninuclear
giant cells. It has been supposed that the former are
derived from the latter by the fragmentation of the large
irregular nucleus; but Howell has shown that this view
is certainly very doubtful and probably erroneous.

From the description given it will be seen that the red
marrow is a very important tissue of quite complex func-
tion, having important relations not only to thesurround-
ing bone, but also to the elaboration of the blood. The
yellow marrow, on the other hand, is, as far as our pres-
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vessels: these, which are known as uEtBﬂgEIlEtiﬂ fibres,
resemble white fibres in appearance, but are less distinetly
fibrillated : between them, and crowded upon the surfaces
of the bundles, are large numbers of connective corpuscles,
modified to form osteoblasts. The homogeneous sub-
stance which forms their matrix now begins to undergo
calcification, the salts being at first deposited in the form
of minute globules; as these become more and more nu-
merous, they fuse together forming a continuous and ap-
parently homogenous mass: the osteoblasts imbedded
therein becoming the bone corpuscles, and the modified.
bundles of fibres becoming spicules of bone.

The formation of new fibres, with their associated cor-
puscles, continues to go on in advance of calcification at
the extremities of the spicules, the tufts of bundles diverg-
ing in such manner as to anastomose with those of adja-
cent spicules, their growth taking such direction as to pass
between the meshes of the vascular network. As a result,
there 1s formed a spongy network of bone interlacing with
the network of blood wvessels, the interstitial Emhr}ruﬁic
connective tissue forming the basis of the primary mar-
row which fills the spaces and in which the blood vessels
are imbedded. While this is taking place in the interior
of the mass, the embryonic connective tissue upon its sur-
face becomes converted mmto a well defined laver of ibrous
membrane, the fibrous layer of the periosteum: from the
osteogenetic tissue immediately beneath dense periosteal
bhone i1s formed. The ossification thus set up i1s continued
outward from the centre or centres of ossification until the

whole territory involved is converted into osseous tissue,
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to replace it: the mass of cartilage is covered by a single
and closely adhering fibrous layer, the perichondrium,
which is moderately rich in blood vessels. The transfor-
mation of thecartilage involves four recognizable changes,
which may be designated as the rearrangement of the
corpuscles, the calcification of the matrix, the forma-
tion of primary areolae, accompanied by the degenera-
tion of the corpuscles, and the formation of secondary
areolae by the partial dissolution of the matrix.

At a point near the centre of the mass the corpuscles be-
gin to multiply and to increase in size, and (in a manner
not vet clearly understood) to arrange themselves in
columns or rows which at first radiate from the central
point, with intervening regions consisting of matrix only,
thus forming a spheroidal region of transformation which
continues to increase: when the surface of the mass is
reached on the adjacent sides the region of transformation
is of course restricted to the cartilage lying in the direc-
tion of the ends: and as it advances toward them in both
directions the columns of rearranged corpuscles and the
intervening regions of matrix soon take on a direction
parallel to the axis of the bone.

Very shortly after the rearrangement of the corpuscles
Just described, the deposition of lime salts in the matrix
takes place, particularly in those tracts which lie between
the corpuscular rows, bars and plates of calcified cartilage
thus being formed. At the same time the cavities in which
the cartilage corpuscles lie begin to be enlarged, while the
corpuscles themselves undergo degeneration, becoming
shrunken and irregular in form, and lying in the enlarged
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cavities, which are now known as the primary areolae
above referred to. In somecases the areolae consist of two
orthree cavities in the same row, united by the dissolution
of the thin lamella of matrix lying between them. The
farther dissolution of the matrix, and theformation of the
secondary areolae, in which the deposition of endochon-
dral bone begins, depends upon the development of other
structures presently to be described.

About the time that the transformation of cartilage is
set up mn the centre of the mass important changes take
place in the surrounding membrane, beginning in a zone
immediately adjacent, and proceeding thence toward either
extremity simultaneously with the advancing transfor-
mation of the mass within. The fibrous layer becomes
thicker and more highly vascular: its inner portion be-
comes looser, and the corpuscles rapidly increase in num-
her and in size, with associated changes in form and
structure: in other words, the perichondrium of the em-
bryonic cartilage becomes converted into the periosteum
of the future bone, with an outer fibrous and nner osteo-
genetic layer.

By the time the central spheroidal area of transform-
ing cartilage has reached the lateral surfaces of the mass,
the adjacent zone of periosteum is fully formed; and the
deposition of a delicate network of spongy bone may have
already taken place. As the two regions of activity come
in contact, one or more loops of blood vessels grow out
toward the transformed cartilage, carrying with them an
investment of osteogenetic tissue : before their advance the
transformed cartilage is absorbed, and they quickly reach
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cation of the primary marrow, which at first consists
only of the blood vessels and the associated osteogen-
etic tissue, which is quite delicate and almost gelatinous
in structure: later, its retiform framework becomes more
fully developed, giant cells and ervthroblasts appear, and
the characters of ordinary red marrow are assumed ; these
in turn (in the region referred to) giving place to those of
the yellow marrow which finally occupies the cavity.

It has already been stated that the newly developed zone
of periosteum begins shortly after its formation to de-
posit a layer of spongy bone upon the surface of the trans-

forming cartilage in the middle of theshaft, similar to that
" first formed where the seat of ossification is a membrane.

Along with the progress of the areas of the transforming
cartilage toward the extremities of the bone, and the im-
mediately successive development of endochondral bonein
the interior of the mass, there is a corresponding advance
in both directions of the change which converts the fibrous
membrane investing the cartilage into periosteum. This,
again, is immediately followed by the deposition of a laver
of spongyv bone, or, rather, by the extension of the layer
already begun. While the laver so formed is in this man-
ner steadily increasing in extent, it also undergoesincrease
in thickness in the region where it was first formed.
There is thus formed a sheath of spongy bone, shaped like
a dice box open at both ends, thickest in the middle and
gradually becoming thinner towards its extremities, which
contains in its middle the newly formed permanent mar-
row: 1ts ends surround the masses of endochondral bone

previously described ; immediately beyond lies the area of
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the tube of dense bone which forms the permanent shaft
of the femur or tibia, as the case may be.

It will be remembered that the mass of cartilage which
in the foetus represents one of the long bones under con-
sideration, is very much smaller than the bone which we
find in its place even in the newborn child: the increase in
thickness will be readily understood. It should be borne
in mind, however, that this increase in thickness is for
quite a while due to the formation of bone of the peri-
chondral type only: it is not until some months after birth
that dense bone of the ordinary type i1s deposited, the
- shafts of the long bones remaining up to that time more
or less spongy throughout.

The increase in length is due to a continuous growth of
the primary cartilaginous mass itself, which up to birth
and for some time after continues to increasein length and
also in thickness in the part which has not as yet begun
to undergo transformation. This growth continues at a
constantly decreasing rate, the region of untransformed
cartilage thus becoming smaller and smaller. It is en-
croached upon alike by the advancing endochondral bone
of the shaft, and the similarly formed but more permanent
mass of spongy bone in the epiphysis, until finally the two
areas of ossification meet, and the union of the epiphysis
with the shaft is accomplished, the two masses of spongy
bone and their investing layers of dense bone alike becom-
ing confluent.

The table on the opposite page presents a summary of
the various processes which have been described above as
taking place in the formation of the shaft of a long bone.
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In the short bones, and in theepiphyses of the long bones,
the replacement of cartilage takes place in an essentially
similar manner, the vascular invasions reaching the cen-
tre of the mass of transforming cartilage, and the develop-
ment of spongy endochondral bone taking place on all
sides, Some of the trabeculae thus formed are shortly
afterwards absorbed, while others become larger, and
form part of the permanent framework of the interior of
the bone. It is probable even here, however, that there is
in the earlier part of adult life at least more or less of ab-
sorption and rebuilding continuously goingon. Aninvest-

ing layer of perichondral bone is formed, and contributes
' to the permanent spongy mass: and later a thin layer of
dense bone is superimposed. There are some very inter-
esting variations in detail as to the manner in which ossifi-
cation arises in some of the bones, but their consideration
would be foreign to the purpose of this work.
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1s formed: when hardened and stained such a mass pre-
sents in section a granular appearance due to the cross-
section of the fibres.

The corpuscular elements contained in the plasma and
constituting normally a little over one-third of the vol-
ume of the blood, are chiefly of two kinds, the colored (or
so-called red) corpuscles, or, as they have been termed,
the erythrocytes, and the colorless (or so-called white)
corpuscles, which are also commonly known as leuco-
cytes. There are also present in normal blood smaller or
larger quantities of minute bodies known by various
names, the most common of which is the blood platelets.

The colored corpuscles are by far the most numerous,
about five millions being contained in a cubic millimetre of
the blood of a healthy man: the number in the blood of
women is about ten per cent. less: in certain forms of dis-
ease their number may be very greatly reduced. When
seen singly under the microscope each colored corpuscle is
seen to be of a yellowish green color, the former tint pre-
vailing in arterial, the latter in venous blood. The form
of each i1s that of a biconcave circular disk, the central
portion being slightlv hollowed on each side and the mar-
gin rounded.

The size of the colored corpuscles varies within rather
wide limits, the same sample of human blood exhibiting
individual corpuscles whose transverse diameter is as
great as ten micra, and others that are but half as broad :
by far the great majority, however, will be found to be
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corpuscles approximate so closely in size to those of man
asto render impossible a certain distinction between them.
While, therefore, it might be possible under certain circum-
stances to testify that a given stain was not caused by
human blood, the converse is not justifiable in the present
state of our knowledge.

The structure of the colored corpuscles has been and still
is a matter of much debate. By some the disk is regarded
as consisting of a denser colorless portion, spongy in struct-
ure, the stroma, whose meshes contain the fluid colored
portion, a solution of the substance known as haemoglob-
in: its behavior towards certain reagents (notably to-
- ward water) leads others to the conviction that what we
have is really a closed sac (or cell in the true sense of the
word) filled with the colored fluid. It is at least certain
that the corpuscle is far from being a mass of protoplasm,
being as greatly modified therefrom as a fat cell. It should
also be noted that a nucleus is wanting in the ordinary
colored blood corpuscles of all mammalia: in which re-

spect they differ from those of all other vertebrates.

When blood is drawn from the vessels, or when, from
any cause, it stagnates for a time within them, the colored
corpuscles show a tendency to adhere together by their
sides in masses resembling piles of coin; this formation of
rouleaux, as it is termed, was once supposed to be pecul-
iar to blood corpuscles; but it has been shown that under
certain circumstances the same process may be caused to
take place with floating disks of cork or other substances
under conditions that are purely mechanical. The rou-
leaux thus formed not unfrequently arrange themselves in
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and markedly diminished by prolonged fasting: we may
therefore find in the blood of a healthy person at one time
twice as many to the cubic millimetre, at anothereven less
than half as many as the average above given. Since the
number of the colored corpuscles is not subject to such
marked fluctuation, the ratio between the two varies
therewith ; and the number of colorless corpuscles is often
stated in terms of that ratio as ranging bhetween one col-
orless to two hundred and fifty colored and one colorless
to over one thousand colored corpuscles: the average
being about one colorless to five hundred eolored corpus-
cles. This mode of statement 1s, however, unsatisfactory,
- for the reason that, as will be readily seen, a like change
of ratio would result from a marked diminution in the
number of colored corpuscles or an undue increase in the
number of the colorless, changes in each case of very great

importance, but of quite different significance.

The colorless corpuscles vary also in size to a great ex-
tent: their average diameter, when in the spheroidal
state, mav be stated as about ten micra. The smallest,
sometimes distinguished specifically as small leucocytes,
have large spheroidal nuclei, surrounded by a small
amount of protoplasm: they may be regarded as newly"
formed elements that have only recently entered the blood
stream ; they are somewhat smaller than the average col-
ored corpuscles. When fully developed they may become
as much as twice as large, the increase being chiefly in the
amount of protoplasm: they are then sometimes termed
large leucocytes; still retaining the single spherical nu-

cleus.
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which it is caused. This mode of motion, character-
istic of leucocytes wherever found (and of some other
elements as well) is identical in its nature with that seen
to take place in the members of the genus amoeba, a
group of very lowly organized unicellular animals: it is,
herefore, termed amoeboid.

All the other forms of colorless corpuscles are probably
derived from the modification of the small unicellular ele-
ments. These,1in turn, are broughtinto the blood stream by
the lymphatics, where, under the name of lymphocytes,
they constitute the corpuscular elements of the lymph,
some, however, attaining their full size while in that fluid.

The origin of the lymphocytes is well known. They are
formed chiefly, if not solely, in those organs which consist
in great measure of what is known as lymphoid or ade-
noid tissue: those known as lymphatic glands, or, more
properly, as lymphatic nodes, having the formation of
lymphoceytes as their principal if not their sole function.
The histological anatomy of these organs will be deseribed
in a subsequent chapter: it is sufficient here to sav that
theyv consist in the main of masses of adenoid tissue well
supplied with blood vessels and enclosed 1n each instance
in a capsule, into which several small lymphatic vessels
enter and from which a single larger lvmphatic vessel
leads, the current of lymph which thus passes through the
mass, carrying with it the newly formed lymph corpuscles.

What i1s here termed adenoid tissue 1s, like the marrow
of bone, a compound structure of which retiform tissue is
the basis. In addition to the flattened connective tissue

corpuscles which form an endothelioid layer upon the reti-
>

&
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method of cell division, the cells thus formed being sphe-
roidal and nucleated and eradually becoming converted
into immature blood corpuscles by the formation within
them of haemoglobin. Later the nucleus is extruded from
the corpuscle and the spheroidal mass becomes converted

into the hiconcave disk which we find 1n the blood stream.

Reference has been made to the blood platelets. These
are minute rounded and colorless bodies (from one-third
to one-fourth the diameter of a colored corpuscle) which
are found in the blood either singly or adhering together
in masses of considerable size: their total number in nor-
-mal human blood is but small. They have been described
under a number of names, as the elementary particles
of Zimmermann, the granules of Osler, the haemate-
blasts of Hayem. The name of blood platelets was pro-
posed for them by Bizzozero. Thev have been regarded
bv Havem and others as concerned in the formation of red
corpuscles within the blood stream, but the evidence for
this view is not conclusive. Perhaps the most probable
explanation of them is that they are the disintegrating
fragments of broken down colorless corpuscles. Our
knowledge of them is, however, exceedingly imperfect.
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as muscular tissues, although the elements of which they
are composed sometimes occur singly and are frequently
found in masses thatcannot with propriety be called mus-
cles. |

There are three distinct kinds of muscular elements or
fibres (as they are commonly termed, from the elongation
generally characteristic of them) the smooth, the cardiac,
and the striped or striated muscular fibres. The elements
of the first two kinds have in each instance a single nu-
| cleus, and may therefore be regarded as resulting from the
direct modification of a single embryonic cell. Those of
the third kind are much longer as well as thicker than the
- others, and while they arise in each instance from a single
embryvonic cell, this becomes greatly elongated and the
nucleus divides repeatedly; the resulting strand of proto-

lasm thus becoming multinuclear.
o Eeer Lo et —

What 1s variously called smooth, unstriped, plain or
involuntary muscular tissue is composed of spindle

shaped cells or fibres whose protoplasmic bodies show at

times quite distinct evidences of longitudinal striation,
but are at other times perfectly plain. The existence of a
very delicate investing membrane or sheath has been dem-
onstrated. The nucleus 1s elongated, sometimes oval but
in many cases distinetly rod shaped, and is situated in the
centre of the mass. Smooth muscular fibres vary some-
what in size and particularly in length: the transverse
diameter usually ranging between five and ten micra,
while the length may be less than ten or more than twenty

times the diameter. When so situated as to escape lateral
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ary veins and the superior and inferior venae cavae for a
short distance previous to their openings into the auricles,
What are known anatomically as fibres are in this case as
in others aggregates of structures not visible to the naked
eve. In this instance, however, a confusion sometimes
arises from the application of the term fibre to bodies
which are thus compared with ordinary striped fibres:
thev are in reality rows of shorter elements more nearly
comparable to the smooth muscular fibres.

The cardiac muscular elements are short, stout, irreg-
ularly prismatic bodies, intermediate in diameter between
smooth and striped fibres and three or four times as long
aswide. Their ends in some cases terminate squarely, in
others are quite jagged and irregular. They are sometimes
of uniform diameter throughout, but many give off short
branches which unite with those from adjacent elements.
Nothing like an investing membrane or sarcolemia has
been demonstrated. The elements are faintly striated
longitudinally and more distinctly transversely. Each
element has a single nucleus, surrrounded by a compara-
tively large amount of protoplasm showing no trace of
the structure which in the superficial portion gives rise to
the appearance of striation.

The cardiac elements are joined together by their ends
to form the cardiac fibres to which reference has been
made, a larger or smaller quantity of intervening cement
substance being clearly demonstrable. As many of the
elements branch and anastomose with those of adjacent
fibres, the appearance presented is that of a network with

elongated and narrow meshes.
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tile substance. When a cross section of a bundle of striped
muscular fibres is examined the nuclei are seen between the
sarcolemma and the contractile substance, the latter being
subdivided into small polygonal areas, the fields or areas
of Cohnheim.

The appearances above described are easily seen: the
explanation of the structure of the contractile substance
upon which most of them depend is still a matter of dis-
pute. The following facts are, however, quite generally
conceded, and will probably form the basis of any further
positive addition to our knowledge. The contractile sub-
stance may be regarded as made up of a clear viscid or
- semi-fluid portion, the sarcoplasm: imbedded in this are
oreat numbers of elongated or rod-like bodies (whose ex-
act form is not vet certainly demonstrated, and probably
varies with different animais]; these are known as the
sarcous elements. They are quite uniform in length and
lie in disk-like groups which compose the dim bands or
zones of the fibre, the clear zones being filled chiefly by
sarcoplasm : the exact cause of the dark line in the middle
of the clear zone (known as Dobie's line or as the mem-
brane of Krause)is not yet certainly known. The sar-
cous elements are not only regularly grouped across the
fibre, but also succeed each other regularly alongitslength,
and are possibly united end to end; the rows of sarcous
elements constituting the fibrillae.

The sarcous elements are not uniformly distributed
across the fibre, the fibrillae which they -::l::-mlmsé being
grouped together in strands known as musele columns:
These are separated from each other by sarcoplasm, and
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histological sense. Each fasciculus 1s invested by a layer
of areolar tissue continuous upon 1ts outer surface with
that of those adjacent and giving off from its inner surface

delicate septa which lie between the individual fibres. The
mvesting layver of the fasciculus is known as the perimys-

ium; the internal skeletal tissue as the endomysium.
The aggregated fasciculi which make up the body of the
muscle are invested as a whole by a laver of connective
tissue continuous with the outer perimysial layers, termed
the epimysium. The arteries and veins proper to the mus-
cle are chiefly located in the perimysium, while the capl-
lary network, whose meshes are as a rule greatly elon-
eated in the direction of the fasculi, are situated in the en-
domysium in such a manner as to be in close proximity to
every fibre.

The striped muscular fibres terminate by rounded or
obliquely truncated ends, which are closely applied to the
correspondingly shaped extremities of white fibre bundles,
the sarcolemma of the muscular fibre being directly contin-
uous therewith: these bundles are in some cases almost
immediately connected with the periosteum of a bone or
some similar place of attachment: in other instances they
are prolonged beyond the muscle in a fibrous mass, the

tendon of origin or of insertion, as the case may be.
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vessels known as the lymph capillaries: these unite to
to form the larger vessels sometimes called lymph veins
since thev convey their contents toward the heart, but
more commonly spoken of as lymphatics.

The interior of a small artery, such, for example, as can
be just distinguished with the unaided eye, 1s lined with a
layer of endothelium, whose cells are as a rule greatly
elongated in the direction of the vessel; the nuclei also
being elongated. Beneath this is a layer of elastic tissue
usually in the form of a membrane, either homogeneous
or fenestrated, but occasionally composed of reticulated
fibres. The endothelium and the elastic layer make up
what is usually called the intima, or inner coat; the term
1s, however, applied by some histologists to the elastic
layer, to the exclusion of the endothelium.

Beneath the intima is the middle coat, or media; this,
in the vessels under consideration, consists almostentirely
of smooth muscular fibres, arranged in a layerseveral cells
deep, the long axes of the fibres crossing the vessel at
right angles or nearly so. Like all layers of muscular tis-
sue, this is highly elastic; during life it is always upon the
stretch; and the contraction which usually takes place in
it after death throws the intima into longitudinal folds,
which, when seen in cross section, give an undulating out-
line to the interior of the artery which is highly charac-
teristic.

External to the media is the adventitia, or outer coat:
this consists in the smaller arteries of a layer of connective
tissue in most cases clearly definable on the one hand as
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tissues, notably in the marrow, they may be as much as
twice as large.

* In structure the capillaries are simple tubes (usually
cylindrical in form) of elongated endothelial cells of such
width that from two to four may be seen in the cross sec-
tion of a single capillarv. As in other endothelial layers,
the cells are united by an intercellular cement substance :
here and there patches of this substance may be demon-
strated by the silver method which may be regarded as
indicating gaps between the cells; these have been termed
stigmata; and it is probable that such places offer favor-
able opportunity for that migration of the leucocytes
‘from the blood-stream into the tissues which 1s known to
be normal to them. Capillaries are almost always situ-
ated in interstitial areolar tissue or its equivalent, and are
in direct relation with the connective tissue corpuscles: in
some organs branched corpuscles appear to form an almost
continuous layer investing the capillaries: such a laver has
been termed an adventitia capillaris.

As the capillaries originate by the subdivision of the
arteries, so their union forms the ﬂrigiﬁ of the veins. A
small vein resembles a small artery in its general struct-
ure, its wall, like that of the latter, being distinguishable
mmto an intima, a media, and an adventitia : the chief differ-
ences between them may be stated briefly as follows. The
endothelium of the veins is, as a rule, composed of shorter
and broader cells than that of the arteries, and the elas-
tic layer of the intima is thinner: the media is very much

thinner, the amount of muscular tissue being very much
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the intima is thin and simple in contour: the media is also
t hin, containing but few smooth muscular fibres: the ad-
ventitia is often the thickest and most conspicuous of the
three coats. Where the artery and vein lie side by side,
the latter is usually the larger.

A similar application of the principles of structure above
described will enable the student to interpret the different
appearances seen when a vessel 1s cut obliquely or longi-
tudinally, and with practice to recognize an artery or a
vein wherever met with in a section passing through one

of the organs of the body.

The interstitial spaces of the tissues form in many cases
an irregular network, in others definite lacunae or chan-
nels for the lymph, a rather indefinite term applied to the
fluid originally derived from the blood and destined to be
returned to it again by way of the lymphatic vessels. The
smallest of these, the lymph capillaries, arise from the
lymph-spaces of the tissues in an exceedingly irregular
manner, the connective tissue corpuscles in many cases pass-
ing by an insensible transition into their enc'lﬂnthelri_y“ﬁl,
When fully formed they consist of tubes which resemble
blood capillaries in consisting solely of endothelial cells,
but differ from those structures in the fact that they are
rarely if ever cylindrical, being exceedingly irregular in
form, though usually flattened, and very often quite vari-
able in diameter: they anastomose freely, forming net-
works of very irregular meshes. The cells of which they
are composed are usually about as long as broad, but are
usually characterized by a distinct sinuosity of outline.
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The structure of the larger lymphatic vessels vrill be de-
scribed in connection with the circulatory system.

The lymphatics have a distribution closely related to
that of the blood vessels: and it 1s not unusual to see a
small artery, its companion vein, and one or more lym-
phatics in close proximity. In some cases a blood vessel
may be situated within a lymphatic vessel. Such lvm-
phatics are termed perivascular,

The serous cavities of the body are in reality enlarged
lymph cavities. They are lined by the serous membranes,
which are known by distinctive names (e. g., pleura ), ac-
cording to their position. These consist in each case of
connective tissue which contains a more or less well de-
veloped network of fine elastic fibres, surmounted by a
homogeneous basement membrane. On this rests the
serous endothelium, a layer of polygonal pavement cells
of varying size. Here and there may be found small open-
ings called stomata, which put the serous cavities in com-
munication with the lymph channels of the membrane and
thus with the lymphatic system: they are surrounded by
cells which are usually more tumid and granular than
those adjacent.

In addition to the tumid cells which surround the sto-
mata there may sometimes be found on the serous surfaces
patches of granular cells, which may be cuboidal if not
columnar in form: these give evidence of rapid cell divi-
sion, and may be regarded as local centres for the forma-
tion of the leucocytes which may be found in the serous

cavities.
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element of the simplest type may be conceived of as com-
prising a spheroidal or spindle-shaped mass of protoplasm
provided with a nucleus, each of whose extremities is con-
tinued into a filament of more or less length. Along one
of these filaments stimulitravel toward thecentral corpus-
cle, and the extremity of the filament is modified for their
reception: along the other, nervous impulses pass outward
to theirappropriate place of discharge, its extremity show-
ing corresponding modification. The whole structure,
from oneset of terminals to theother (and including both)
is the result of the modification of a single embryonic cell :
on account of the delicacy of the various parts, however,
and the great length in many cases of the conducting hla-
ment, it is rarely (if ever) possible toisolate such a nervous
element in its entirety, as we can isolate a smooth muscu-
lar fibre or an epithelial cell: nor can nervous elements
(with a few exceptions) be so prepared that they can be
seen in their entiretv in a single section: in most cases our
studv must at any one time be chiefly directed to one or
the other of the regions above indicated. Practically, it
has been customary to distinguish, as the structural fac-
tors of the nervous system, the conducting strands of
oreater or less length along which impulses are transmit-
ted ; the central corpuscular masses; and the terminals of
reception and discharge: and although theseare now known
not to be independent parts, it 1s convenient to retain
this distinction as a basis for their description: according,
therefore, to the form and associated function of the vari-
ous components of the nervous system, it is customary

to classify them as follows.
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A. Conducting elements, or nerve fibres: these consist
in every case of continuouscylindrical (or rounded) strands
which run without interruption from the central corpus-
cles to the terminal modifications of their free extremities.
The presence orabsence ol certain investing structures dis-
tinguishes two kinds of nerve fibres, known as

1. Non-medullated fibres: also called gray or gel-
atinous fibres, or (from their discoverer) the fibres
of Remak: the axis consists of a grayish cylinder
or a band with rounded edges, showing delicate
longitudinal striations: they are invested, if at all,
by a very delicate primitive sheath whose exist-
ence is questioned by many histologists. Upon the
surface of the fibre are seen numerous nuclei. The
gray fibres not unfrequently branch and anasto-
mose with adjacent fibres.

2. Medullated fibres: also called white fibres: the
iaxis-cylinder is grayish and longitudinally striat-
ed: it is surrounded bya layer of a fatty substance
termed myelin, the laver being called the medul-
lary sheath or white substance of Schwann:
outside of this is the clearly defined primitive
sheath or neurilemma. The medullary sheath is
interrupted at frequent intervals, the points where
this occurs being termed the nodes of Ranvier;
the intervening segments are called internodes:
each exhibits one or two so-called nerve-fibre cor-
puscles situated between the medullary sheath and
the neurilemma and consisting of oval nuclei spar-
ingly invested with protoplasm. Medullated fibres
rarely branch, except near their extremities.
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B. Central elements, or nerve corpuscles: these are
variously shaped bodies with conspicuous nuclei: they
vary greatly in size also, some being among the smallest
and others among the largest of the tissue elements. Their
surfaces always give off one or more processes termed
poles: according to the number of these processes they
are commonly distinguished as unipolar, bipolar, and
multipolar corpuscles. Most nerve corpuscles (in the
higher vertebrates, at least) are multipolar; and in the
great majority of instances one of the poles of a multipol-
ar corpuscle can be distinguished from the others as the
process of Deiters, or, better, asits axis-cylinder process:
- the rest are then known as protoplasmie processes and
rapidly divide into irregular branches termed dendrites:
in some multipolar corpuscles no axis-cylinder process can
be distinguished; such corpuscles are termed amaecrine.
Other features will be discussed in a subsequent para-
graph.

C. Peripheral elements, or nerve terminals, formed by
the modification of the extremities of nerve fibres with or
without epithelial or skeletal elements. According as they
are situated at the extremities of fibres which conduet im-
pulses toward the nerve centres (afferent fibres) or away
from them (efferent fibres) they are distinguished as

1. Receiving terminals: of these various kinds are
known, composing two groups which differ from
each other alike in the form and in the arrangement
of the structures included. In one grouplarge num-
bers of similar terminals are associated with modi-
fied epithelial cells to form the essential structures
of the three great organs of special sense, the nose,
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C. Peripheral elements or nerve terminals (continued).

of them looses its investments and breaks up into
a number of slender hranches. each of which ends
in a saucer-shaped disk, the tactile meniscus,
which embraces the proximal surface of the tactile
cell, so called. There is no positive evidence that
these, rather than other cutaneons terminals, are
the special organs of touch.

¢. The bodies known as compound tactile cells,
also sometimes called the corpuscles of Grandry,
found in the skin of certain birds, and also de-
scribed as occurring in mammals, mayv be regarded
as composed of two or more layvers of tactile cells,
and having between adjacent layvers terminal ex-
pansions known as tactile disks. The neurilemma
of the nerve fibre of which the tactile disks are the
termination becomes continuous with a connective
tissue capsule that invests the whole structure.

d. The name of tactile corpuscles has long been
given to large ovoid bodies found in the papillae of
the skin of the hand and foot and in other places
where the sense of touchis well developed : they are
also called the corpuscles of Meissner. Eachiscom-
posed of a mass of connective tissue about which a
medullated fibre winds spirally once or twice, the
sheaths of the fibre then becoming merged in the
mass or continuous with its capsule: the axis-
cylinder passes as a nonmedullated fibre into the
interior, where it branches more or less freely, the
branches becoming varicose. Two, three, or even
four medullated fibres may be connected with a
single large corpuscle of Meissner.

e. What are termed end-bulbs are spheroidal or
cylindroidal bodies of simple structurein which the
axis cylinder of a medullated fibreenters the proxi-
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C. Peripheral elements or nerve terminals (continued).

2. Discharging terminals: Impulses sent out from

the nerve centres may give rise to muscular, glan-
dular, or other activities. The terminals by which
discharge is made upon the elements of the tissues
mvolved have in every case, as far as known, the
form of ramifications or arborizations of the ex-
tremities of efferent fibres. In the case of glands
or other secretory structures the terminal subdivi-
sions are situated among the epithelial cells. In
the case of smooth muscular tissue, nonmedullated
fibres from an adjacent ganglion or ganglionic
plexus enter the muscular layer, between whose
elements the ramifications of the fibre are situated.

The mechanism of dischargein the case of striped
muscular tissue 1s somewhat more complex. Me-
dullated fibres from the intramuscular plexus, fol-
lowing the endomysium, divide in each instance
into two or more branches, each branch passing
to a single muscular fibre. The medullary sheath
disappears, the neurilemma apparently becomes
continuous with the sarcolemma of the muscular
fibre, and the axis-cylinder breaks up into a
number of fine varicose branches: the latter rest
upon or are imbedded in the sole-plate, a flat-
tened granular mass of protoplasm containing

several nuclei and lying between the sarcolemma
and the body of the fibre: the whole structure is
termed a motor end-plate. By some histologists
the end-plates are believed to be situated altogether
outside of the sarcolemma.
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that of a striped muscular fibre: if a reality, and not due
merely to the reagents used forits demonstration, this must
be caused by regular variations in the size of the fibril-
lae. The axis cylinder may also be shown to be suddenly
thickened at the nodes of Ranvier, the spindle-shaped en-
largement being apparently due to an increase in the
amount of neuroplasm with an accompanying separation
of the fibrillae. Some histologists maintain that the axis
cylinder 1s invested with a delicate structureless sheath,
for which Kuehne has proposed the name of theaxilemma :
whether this structure exists in the living fibre is still a
matter of question,

The medullarysheath also presents (under certain treat-
ment) apparent evidence of a structure that would hardly
be inferred from its semifluid character as seen in the fresh
nerve. A reticular framework of a substance of a horny
nature known as neurokeratin can be demonstrated,
whose meshes and filaments vary greatly in size in differ-
ent parts of the same fibre. That the substance in ques-
tion exists as a component of myvelin is probably true: but
the solid framework described is quite possibly due to its
coagulation by the reagents employed. Far more con-
spicuous are the obliqueclefts seen in the medullary sheath
after treatment with certain reagents, notably osmic acid ;
these are evidently the view in section of conical cleavage
spaces running from the primitive sheath to the axis
cylinder, and dividing the medullary sheath into the me-
dullary segments of Schmidt and Lantermann, a number
of which may befound ineachinternode: whether these are
real or artificial must, however, be regarded as still unset-
tled.
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imated and finally consolidated for a short distance, form-
ing what is apparently a unipolar corpuscle with what is
termed either a Y- or a T-connection according to the
mode of separation of the two fibres. In certain super-
ficially situated elements of a sensorycharacter in some of
the lower animals (and possibly in higher forms as well)
the receiving terminal and afferent filament become so
shortened and condensed as to form a mere eminence only
on the body of the corpuscle: such elements may be said
to be in form (but even then not in function) unipolar.,
What have been called in the past apolar corpuscles prob-
ably do not exist. '

In the ganglia of the sympathetic system corpuscles are
found with more than two processes, each of which be-
comes an axis cylinder (or a gray fibre): such corpuscles
are in thestrictest sense multipolar: whether the majority
of the poles are afferent or efferent is unknown: both
conditions may possibly occur.

The term multipolar has long been applied to the cor-
puscles found chiefly in the brain and spinal cord in which
a distinction can be made, as has been pointed out, be-
tween a single axis-cylinder process and a number of so
called protoplasmic processes which subdivide into a
group of dendrites. It has been suggested that the latter
have for their function some connection with the nutrition
of the corpuscle: but a more reasonable interpretation is
one which regards such a corpuscle as resulting from the
disappearance of the afferent fibre, its primary subdivi.
sions thus becoming processes of the corpuscle itself. The

axis cylinder process may in its course give off one or more
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slender branches; these leave the process at well marked
angles, but soon after bend strongly to become approxi-
mately parallel to it in most cases: they are known as
collaterals, and like the processes from which they arise
terminate in arborizations.

Axis-cylinder processes which pass from the gray into the
white matter of the cord become invested with a medul-
lary sheath and are then true axis cylinders: elements in
which this is the case are known as corpuscles of the first
type: i other cases the efferent process 1s quite short, the
terminal arborization being situated in the gray matter:
such elements are called corpuscles of the second type.
The disappearance of the process altogether, making the
arborization sessile, like the dendrites, gives rise to the
amacrine corpuscles of Cajal.

Nerve corpuscles always have large and conspicuous
nuclei, in the vicinity of which a patch of pigment granules
is very commonly present. The fibrillae of the processes
may be traced into the interior of the corpuscles, but their
internal distribution is as vet unknown. The corpuscles
are almost always situated in well defined lymph spaces
which agree closely with them in contour. The forms of
the corpuscles of the brain and cord will be described in
the chapter devoted to those organs.

The nerves are definite aggregates of nerve fibres: like
the blood vessels, they penetrate the organs of the body
and are consequently to be regarded among the factors of
structure thereof: the same is true of many ganglia: both
will therefore be described at this time.
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A nerve is a bundle of nerve fibres or an aggregate of
such bundles. Each bundle is termed a funieulus, and is
composed of a number of fibres surrounded by a evlindrical
sheath called the perineurium. The latter is lamellated
in structure, the number of lamellae never being less than
three save i the smallest branches of the nerves: they are
separated by distinet lvmph spaces lined with endothelioid
corpuscles. The inner lamella is continued into the funi-
culus by the connective tissue which lies between the fibres
and supports their capillaries, called the endoneurium.
In small funiculi this connective tissue i1s homogeneous in
composition, approaching gelatinous tissue in consistency :
such funiculi are termed simple: larger funiculi, called
compound, show here and there in the endoneurium con-
nective tissue septa which divide the funiculus irregularly.

In small nerves, consisting of but a single funiculus, the
outer lamella of the perineurium is continuous with the
adjacent areolar tissue: where several or more bundles are
associated, however, as in the larger nerves, a definite
mass of connective tissue, containing more or less fat, and
definitely compacted on its outer surface, invests and sup-
ports the funiculi, becoming continuous with their outer
lamellae: this is known as the epineurium. Within it
the associated funiculi divide and anastomose from time
to time, each large nerve being thus in reality a greatly
elongated plexus.

As the funiculi divide into small groups of fibres and
finally into single fibres in the vicinity of their destination,
the perineurium becomes greatly reduced, being finally
continued fora short distance on the single fibres either as
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long slender processes: these are stated by Ranvier to be
fibrillated, the fibrillae passing through the body of the
cell from one process to another: thev are variously ar-
ranged upon glia-cells from different parts of the cerebro-
spinal axis, those of the gray matter of the cord, for exam-
ple, differing from those of the white in the number and
disposition of their processes. In a general way it may
be said that the latter form a dense reticulum of closely
interwoven fibres: this in sections has a finely granular
appearance conspicuously seen in the gray matter..

The glia-cells are found in the cerebrospinal axis and are
derived from the same embryvonic layer as the nervous ele-
ments themselves. While, therefore, their function is
probably purely mechanical, or, in a sense, skeletal, they
must be regarded as closely related to the nervous tissues
rather than to the skeletal tissues proper. These latter
also penetrate the cerebrospinal axis, in the form of con-
nective-tissue trabeculae which compose a proper skeletal
framework: and although they gradually diminish by
subdivision and become reduced to delicate fibrils inter-
mingled with those of the neuroglia, nothing like a transi-
tion from one tissue to the other has ever been observed.
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general rule the relative amount of the former increases

with the age of the cell. The meshes of the spongioplasm
may vary greatlv in size and in the coarseness or fineness
of their constituent fibrils: the accumulations at their n-
tersections are the granules most readily seen.

In cells which become surrounded by a cell wall com-
posed of some formed product (e. g., an epidermal ceﬂ].
the reticulum becomes quite close and dense near the sur-
face: but in many cases (e. g., a leucocyte) the converse is
the case, the exterior of the cell consisting almost, if not
quite wholly, of hvaloplasm. Such a clear outer portionis
sometimes termed ectoplasm, in distinction from the gran-
ular inner portion known as endoplasm: the distinction
is, however, of questionable value, since in some of the
lowest animals the conditions are reversed, the same
terms being applied to a denser outer and a more fluid
inner portion of the cell. The terms paraplasm and deu-
toplasm are also sometimes made use of in connection
imbedded in the protoplasm, and consisting either of sub-
stances taken up by the protoplasm in a solid form, or of
formed products temporarily stored in the cell; such, for

example, as volk granules in the ovum.

The nucleus gives evidence of a reticular structure even
with ordinary powers; and this structure is also clearly
seen to varyin the different nuclei of adjacent cells orin the
same cell at different times if watched while still living.
[Under ordinary conditions, however, the nucleus when

scen in what is usually designated the “‘resting’ condi-
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The nuclear wall is composed of chromoplasm: by some
it is regarded as consisting merely of a fine and close net-
work of that substance; by others as a defimite and con-
tinuous layer. Its continuity with the network 1s evident
from its comportment at the time of nuclear division.
Whether the nucleoli consist of chromoplasm must for the
present be regarded as an open question.

While the arrangement of the filaments of the nuclear
network is often exceedingly irregular, especially in the
resting stage, it can often if not always be seen at the
time of its greatest development to have a definite plan,
whose basis is the formation of a larger or smaller num-
ber of elongated loops having a meridian-like arrange-
ment in relation to a definite axis. The turns of the loops
are directed toward one end of the axis, termed the pole
of the nucleus: the free extremities meet (and frequently
interdigitate)in the region around the opposite end of the
axis, the anti-pole. The sides of the loops are often ex-
ceedingly irregular in their course, and may in addition
branch frequently, the branches anastomosing and thus
forming the irregular network commonly seen. Where
the ends of adjacent loops become continuous the convo-

luted filament sometimes seen 1s produced.

The division of older cells to form new ones is preceded
in man and the higher animals generally by nuclear
division. The older observers (whose imperfect micro-
scopes showed them in the interior of the nucleus only the
nucleoli and the coarser nodal granules) believed this pro-

cess to be quite simple in its nature, consisting merely in
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turned toward the region of the pole. To these loops the
name of chromosomes has been given,

While therchromosomes are thus being defined, there ap-
pears in the polar area a group of fibres of achromatin,
known from its form by the name of the achromatie spin-
dle: this gradually moves toward thecentre of the nucleus,
taking an axial position with its extremities directed
toward the pole and the anti-pole respectively. The chro-
mosomes having by this time become quite short and
stout, and V-shaped from the divergence of the limbs of
the loops, attach themselves to the spindle, eventually as-
suming a radial position at itsequator. When the nucleus
isviewed at this stage from a polar or an anti-polar direc-
tion the radiating arms of the chromosomes together form
a starlike figure to which the name of the aster has been
given.

During the formation of the aster or immediately there-
after, the cleavage of the chromosomes take place, each
loop being split into two similar (but of course more
slender) loops by a plane passing through them all equa-
torially. This is the central process in the division of the
nucleus: the changes which follow have therefore been
sometimes designated by the term metakinesis: they are
in a certain sense the retracing of the processes already de-
scribed. In its more limited sense the term metakinesis is
applied onlyv to the cleavage of the chromosomes, and the
changes immediately connected therewith,

The daughter-loops formed by the cleavage of the chro-
mosomes begin toseparate first at their apices, these being

turned toward the extremities of the spindle: they then
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The number of the chromosomes varies considerably in
different plants and animals, but 1s probably constant for
the same tissues in each species: their form may also vary
greatly, particularly as regards the length of the branches
of the loops. The changes above described may in many
cases be followed step by step with a good microscope of
ordinary powers, either as they take place in living cells,
or as they may be found in adjacent cells of suitably pre-
pared tissues, each of the characteristic figures mentioned
being clearly recognizable: in some instances, however,
owing to the irregularity in the form of the chromosomes,
or to variations in the rate of their transformation, some
of the phases may be so far modified as to be no longer
distinguishable. The essential features of the process are,
nevertheless, always to be discerned, and should be dis-
tinctly borne in mind: they are, in their order, as follows:
first, the collection of the chromatin of the nuclear net-
work into chromosomes; second, the equatorial arrange-
ment of the latter in what has been termed the nueclear
plate; third, their metakinetic cleavage; fourth, the sepa-
ration of the two sets of chromosomes thusformed ; and
finally their resolution into the nuclear networks of the
two resultant daughter-nuclei, whose formation by this
method is accompanied by the cleavage of the protoplas-
mic body of the parent cell, thus completing the forma-
tion of new cells.

It has recently been made fully evident that the changes
taking place in the chromatin of the nucleus during karyo-
kinesis are accompanied and preceded by other equally
complicated changes in structures made up wholly of ach-
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the tissues present ; this should be accompanied ineach in-
stance by a careful consideration of the disposition and
characters of the compound factors of structure present,
such as the blood, lymph, and nervous supply. :

Tissues have already been defined as masses of cells or
of cell-derivatives; and since tissues compose the organs,
and organs make up the whole body, it follows that the
body 1s to be regarded as a mass of more or less modified
cells. The innumerable cellular elements which make up
the adult human organism are in every case derived from
the division of previously existing cells, and are therefore
necessarily the descendents of a single ancestral cell. That
cell is the fertilized ovum or, as it is sometimes termed,
the oosperm. The study of fertilization, of the segmenta-
tion of the oosperm, and of the subsequent development of
the tissues and organs of the body lie strictly within the
province of the science of Embryology; but a briel state-
ment of the origin of the various tissues may with advan-
tage be given here, as throwing light on the structure and
relations of the organs of.the hody.

Repeated cell division or segmentation in a short time
divides the oosperm into a spheroidal mass of apparently
similar cells: these soon arrange themselves in two dis-
tinct layers, from which a third intermediate layer is
shortly afterward derived: the outer of these layers is
called the epiblast or ectoderm, the middle the mesoblast
or mesoderm, and the inner the hypoblast or entoderm;
the whole trilaminar structure receiving the name of the

blastoderm, -
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The blood-vascular and lymph-vascular system:
the serous membranes : thespleen and other adenoid
bodies: the blood and lymph corpuscles.

It should be stated that by some histologists the cells
which give rise to the tissues of the first two groups are
regarded as having an origin somewhat different from
those giving rise to the last two: the name mesoblast has
been retained by them as a collective title for the former,
while for the latter the name of parablast was proposed
by His, and later that of mesenchyma by the Hertwigs.
While this is probably true of the tissues of birds, it has
not yet been proven for any mammal: and there are spe-
cial reasons why it might be true in one case and not in
the other.

From the cells which compose the hypoblast are derived
the following structures:

The epithelium of the back of the tongue, the lower
part of the pharynx, the oesophagus, stomach and
intestines: that of all the glandular appendages of
the alimentary canal.

The epithelium of the Eustachian tube and middle
ear.

The epithelium of thelarynx, the trachea, the bronchi,
the bronchial tubes and the air sacs of the lungs.

The epithelium lining the urinary bladder and the
urethra.

The epithelium lining the vesicular alveoli of thethy-
roid body.

The concentric corpuscles or epithelial nests of the

thymus.
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The skin upon the outer surface of the lips is continuous
with the so-called mucous membrane of its inner surface:
a transition which brings us naturally to the mouth and
its contents: this includes the study of the lining mem-
brane above referred to; the buccal and other glands
which open thereon; the teeth and the tongue.

The mouth is the antechamber of thealimentary canal,
though it is often regarded as a partof it. Beginning with
the pharynx, we naturally consider in their order the
oesophagus, the stomach, the small intestine in its various
regions, and thelarge intestine (including the rectum); and
also the glandular appendages of the canal, the liver and
the pancreas.

The pharynx 1s not only a portion of the alimentary
canal, but of the respiratory tract as well: the latter
being, as embryology shows, an outgrowth of the diges-
tive tube; its study includes that of the larynx, the trachea
and bronchi, the bronchial tubes in their various ramihca-
tions, and the terminal sacs which make up with them the

proper substance of the lungs.

The bladder and the urethra are parts of an outgrowth
from the posterior region of the alimentary canal, as the
respiratory tract is of the anterior. With them as median
structures are closely associated the paired organs which
complete the urinary apparatus: and intimately related
therewith are the male and female reproductive glands,
and the accessory organs connected with reproduction

and micturition. This group will next be studied.
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the first or lowermost stratum of the epidermis, known as
the stratum Malpighii: the elements composing this
stratum have the form of prickle-cells, their numerous
short processes preventing the actual contact of the sur-
faces of adjacent cells, thus forming channels for the circu-
lation of lymph and the nutrition of the elements: all the
cells of this stratum may be regarded as living. Here and
there leucocytes may sometimes be found; they have wan-
dered into the epithelium from below and occupy irregular
intercellular spaces. The cells of the deepest portions of the
stratum Malpighii contain pigment granules, the color of
the skin in different races depending chiefly on the relative
~“abundance and color of the pigment. Delicate nerve fibrils
enter this stratum of the epidermis, and, as stated in a
previous chapter, Merkel has described special terminals
thereto under the name of tactile cells.

As new cells are constantly formed in the deeper por-
tions of the stratum Malpighii, the older cells are as con-
stantly pushed farther and farther from the blood vessels
of the corium which constitute their basis of nutritive sup-
ply through the agency of the lymph channels already
mentioned. At a certain distance, which varies 1n differ-
ent portions of the body, they beginto yield more con-
spicuously to the mechanical pressure from without, be-
coming more flattened in form, and at the same time to
undergo degenerative changes, granules of a fat-like com-
pound termed eleidin appearing in their substancein great
numbers. There is thus formed a definite layer never more
than a few cells deep to which the name of stratum gran-
ulosum is applied: the stratum granulosum and the
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stratum Malpighii together make up the mucous layer,
and in most parts of the body the greater portion of the

epidermis.

.

Immediately above the stratum granulosum and sharply
distinguished from it is a thin layer of cells which resemble
those of that stratum in bzing compressed in form, but
differ from them in greater homogeneity of substance and
therefore in translucency: this is the stratum lucidum,
the lower of the stratd of the horny layer. According to
Ranvier the formation of eleidin is followed by its trans-
formation into keratin, the characteristic substance of
horn, nails, claws, etc., which are, as we shall see, in the
main developments of the stratum lucidum.

While the stratum lucidum is constantly receiving acces-
sions from the cells of the stratum granulosum upon its
lower or inner side, it is as constantly undergoing mod-
ifications on its upper or outer surface; and the line which
marks this transformation is equally well defined in either
case, the stratum lucidum remaining like the stratum
granulosum of nearly constant thickness and definite lim-
itations. The cells as they pass from its outer surface be-
come somewhat swollen and more loosely disposed, form-
ing a layer in which the outlines of the individual cells
may be clearly discerned: the nuclei have disappeared and
all traces of protoplasmic structure. This layer is some-
times designated the stratum corneum: in places where
there are no hairs upon the surface it can be divided into

two layers, the lower, or stratum epitrichium, consisting
of thicker cells, more loosely disposed, and the outer or
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stratum sguamosum of thin closely oppressed scales,
which are eventually and constantly cast off. The stra-
tum lucidum and stratum corneam (with the subdivisions
of the latter) together make up the horny layer.

The epidermis varies greatly in thickness in different
parts of the body: it may be no more than a tenth of a
millimetre in thickness, or may be as much as a millimetre
or more in places where the pressure and friction upon the
surface is greatest, even under ordinary circumstances:
and under special conditions the cellsof the stratum squa-
mosum of the palms of the hand or the soles of the feet,
instead of being exfoliated, may become impacted to form
layers two or three millimetres in thickness. The external
surface shows irregularities which in some measure corres-
pond to the conformation of the corium helow, but as a
rule differ therefrom by their less extent: the surface of the
corium 1s, as we shall see, covered by projections known
as papillae, into the spaces between which the stratum
Malpighii descends: but this stratum varies correspond-
ingly in thickness to such an extent that the papillary
elevations are reduced on its upper surface to mere un-
dulations, to which the remaining strata conform.
The deeper lines upon the surface of the epidermis corre-
spond to definite folds in the corium.

Like the epidermis, the coriumcan be divided intostrata,
which are not, however, so clearly defined in the case pf
the latter as of the former, consisting as they doin modifica-
tions of a fibrous layver. Upon the surface the fibres are
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they are arranged in single or double rows along ridges of
the corium, forming the familiar patterns readily seen with
the naked eve: these patterns remain constant for each
digit of each individual throughout life, and have therefore
been used as marks of identification. Where hest devel-
oped the papillae are from an eighth to a fourth of a milli-
metre in height.

The connective tissue corpuscles of the corium, like those
of other ibrous membranes, are small, and as a rule com-
pressed, their long axes lying parallel to the direction of the
bundles with which they are associated: leucocytes are
also present, as are pigment cells in moderate numbers.

The meshes of the stratum reticulare not unfrequently
contain clusters of fat-cells of varying extent: immedi-
ately beneath, in most portions of the body, we come to
a layer of larger or smaller ovoid or polyhedral fat-lobules
separated by a coarse meshwork of fibre bundles. This
layer, frequently termed the panniculus adiposus, is often
spoken of as subcutaneous: it is, however, in many cases
no more clearly marked off from the stratum reticulare
than is the latter from the stratum papillare: it may with
good reason he regarded as a portion of the skin, and as
such be distinguished as the stratum adiposum: whether
it shall be regarded as cutaneous or subcutaneous is
largely a matter of definition; the fact of its association
with the other structures of the skin as a part of the tem-
perature regulating mechanism of the body is important.
Below it passes into the loose layer of subeutaneous areo-
lar tissue, which, save in a very few localities, intervenes
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The nerve supply of the skin varies greatly in different por-
tions of the body. Like the blood vessels, the nerves form
plexuses in the papillary region, the meshes immediately
beneath the epidermis becoming very fine and close: from
the fibres composing them fibrillae are sent up into the
stratum Malpighii in the manner already described. As
stated in a previous chapter, it is not yet certain how
these fibrils terminate.

In certain (if not all) portions of the body, more or
fewer of the papillae are supplied with nerve fibres which
there terminate in the so-called tactile corpuscles of Meiss-
ner: these are most abundant in the papillae of the fingers
and toes. Other fibres terminate in end bulbs, while many
others are distributed to the hair follicles and the sweat
glands. In the deeper or subcutaneous region fibres are
found which end in Pacinian bodies.

The glands of the skin are chiefly of two kinds: the
sudoriparous or sweat glands, distributed in varying
abundance over the whole surface of the body; and the
sebaceous glands, found chiefly at the bases of the hairs.
In certain localities specialized glands arefound which may
be regarded as modifications of one or the other of these
two types.

The sudoriparous glands are situated in the reticular
stratum and the outer portion of the adipose layer: they
are spheroidal bodies, from one-half of a millimetre to
two millimetres in diameter, each consisting of a small
tube coiled into a ball: from this the tube proceeds (as the
duct of the gland) with slight deviations from a direct
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course through the corium, at whose surface it becomes
continuous with a closely coiled spiral opening through
the epidermis; the whole structure consisting, therefore, of
a tubular depression of the surface, whose basement mem-
brane is a continuation of that which forms elsewhere the
outer limit of the corium, while its lining epithelium is a
direct continuation of the epidermis.

The gln.ndu]ar (or the greater part of thecoiled portion)
is considerably larger than the rest of the tube, being
sixty or seventy micra in diameter: immediately upon the
basement membrane in this region is found a simple layer
of elongated elements resembling smooth muscular fibres
in appearance, and commonly regarded as such; their long
axes are parallel with the direction of the tube. Upon this,
and surrounding the lumen of the tube, is a layer of col-
umnar glandular cells about filteen micra in diameter,
which are frequently pigmented. The duct is from twenty
to thirty micra in diameter: it consists of a basement
membrane upon which is seated a stratified epithelium of
a very simple order: immediately next the membrane is a
layer usually two cells thick, composed of polyhedral cells;
while upon this is a single layer of flattened cells often
designated the cuticle. On reaching the epidermis the
basement membrane is, of course, continued into that of
the surrounding region: the deeper portion ot the epithe-
lium becomes continuous with the stratum Malpighii: the
cuticular layer lines the passage through the epidermis,
which is from the first over twice the diameter of the
lumen of the duct, and in the stratum corneum flares to
form a trumpet-shaped opening at the surface.
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Each sweat gland has a network of capillaries which
penetrates the coil, following the interstitial connective
tissue; and is also provided with a proper nerve supply.
The number of the glands varies in different portions of
the body from four or five hundred to the square inch (or
more than a millimetre apart) upon the back of the neck
and trunk to five or six time as many (or less than half a
millimetre apart) on the palm of the hand or the sole of
the foot. Those of the armpits are quite large, as are those
at the root of the penis in the male and on the labia
majores in the female. About the anus are found glands
identical with the sweat glands in structure, but still
larger than those just mentioned: they are sometimes dis-
tinguished as the circumanal glands. In the larger sudor-
iparous glands (and sometimes in the smaller) branching
of the coiled portion occasionally occurs: and in some
cases the duct 1s bifurcated, either before or after it enters
the epidermis. The ceruminous glands of the external
auditory meatus of the ear resemble the sweat glands
in their structure, though differing from them to a marked
degree in the nature of their secretion.

The sebaceous glands occur, as has been stated, at the
roots of the hairs: they are also found upon the labia
minores and the prepuce and occasionally in other hairless
localities. ‘Each consists of a short duct usually opening
into the outer portion of a hair follicle and connecting in-
ternally with the adjacent secreting portion: this commonly
consists of from three or four to eighteen or twenty sac-
cules, or, rarely, a single spheroidal sac. The basement

———

membrane, which is continuous with that of the corium,
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While the hairs are practically outgrowths from the
skin they are in reality derived from the modification of
ingrowths resembling in some respects those which give
rise to the sebaceous and sudoriparous glands. A hair 1s
a mass of epidermal cells which cohere together to form a
cvlindrical or more or less flattened rod: these cells are
formed upon and around a papillasituated at the bottom
of a depression of the corium known as a hair-follicle,
whose sides are lined with a specially modified layer of epi-
dermal cells, continuing the Malpighian layer of the epi-
dermis and the stratum’ lucidum to the region around the
papilla at its base. The portion of the hair which pro-
jects beyond the surface is termed the shaft: that which is
contained in the follicle is known as the root: the epider-
‘mic portion of the follicle surrounding the root is com-
monly called the root-sheath.

The fully formed hair, whether within or without the
follicle, has on itssurface a layer of imbricated scales, with

their free edges directed toward the outer end of the hair;
this layer is known as the cuticle: on the form and ar-
rangement of the free margin of the cuticular cells depends
the pattern of the superficial markings seen on the hairs of
man and of different animals. Immediately beneath the
cuticle lies the cortical substance of the hair: this is com-
posed of greatly elongated fusiform cells in which traces
of the nucleus are still visible, though the body of the cell
has largely undergone horny transformation: these cells
are so closely united that their limits are not ordinarily
distinguishable, the cortex appearing to be made up of
elongated fibres; it is to the color of the cortical cells that
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the color of the hair is largely due. The cortical substance
in some hairs E!i!_l;ﬂ*l-‘]-(]ﬂ clear to the centre: in others it sur-
rounds (as 1ts name 1mplies) an axial mass of cuboidal or
polyhedral cells, the medulla: the bodies of these cells
usually contain small air-vesicles, rendering the medulla
white by reflected light. Such air spaces may also be
present in the elongated cells of the cortex.

The formation of the hair at the papilla will be more
clearly understood if its description is preceded by that of
the follicle with whose epidermis it is continuous: this, like
the structure of which it is a modification, consists of a
fibrous or dermal portion and an epithelial or epidermal por-
tion. Thedermal portion may be resolved into threelayers:
of these the outer fibrouslayer consists of bundles of white
fibrous tissue running chiefly in the direction of the follicle
and containing numerous connective-tissue corpuscles; it
resembles the corium in most respects, save in the absence of
elastic fibres: the middle layer, sometimes called the
muscular layer, consists of connective tissue whose fibres
run transversely, and of transversely-disposed elongated
cells with rod-shaped nuclei which much resemble smooth
muscular fibres and have been deseribed assuch, but which
may perhaps be regarded as modified connective-tissue
corpuscles; this layer extends from the bottom of the fol-
licle to the point where the sebaceous gland opens, beyond
which it is wanting: the inner or hyaline layer, or glassy
membrane, as it is sometimes termed, is thin, homogene-
ous and transparent; it corresponds to the basement
membrane of the corium.



148 PART II. HISTOLOGICAL ANATOMY.

The epithelial portion of the follicle, while it 1s structur-
ally free from the hair within, 1s generally brought away
with the latter if it be pulled out of the skin during life:
it 1s therefore commonly termed the root-sheath of the
hair. It consists of two layers, comparable in a general
~ wayv to the mucous and the horny layers of the epidermis.
The outer of these, or outer root-sheath, is much thicker
than the inuer, heing a layer several cells deep; of these
the cells next the hyvaline layer (or basement membrane)
are columnar, hike those at the base of the stratum Mal-
the majority of those in the stratum just mentioned.

The inner layer of the epithelium, or inner root-sheath,
mav be divided into three strata: the outer of these,
known as Henle’s layer, is a single layer of flattened cells
of a horny appearance, in which nuclei are not distingﬁ_ish-
able: within this is Huxley’'s layer, composed of polyhe-
dral cells with small nuclei, the layer being two or three
cells deep: this is lined on the inside by the cuticle of the
root-sheath a single layer of flattened cells which are im-
bricated in a manner similar to that of the cells of the
cuticle of the hair, but in the opposite direction, the free
edges of the cells in question being directed toward the
bottom of the follicle; as a consequence, their edges inter-
lock with those of the cells on the surface of the hair. The
name of inner root-sheath is sometimes restricted to the
part which comprises Henle's and Huxley's layers, the
two becoming confluent at base of the follicle; the cuticle
of the root-sheath is in such cases described as third layer
thereof; but this is entirely a question of names: no satis-
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umnar layer of the outer root-sheath: the cortex of the
hair represents the polyhedral layer and the layers of Hux-
ley and Henle; while the cuticle of the hair corresponds to
that of the root-sheath.

The outer fibrous layer of the hair follicles is richly sup-
plied with blood vessels and nerves: some fibres of the lat-
ter pass to the outer root-sheath, where they appear to
terminate among the epithelial cells in a manner similar
to that found in the stratum Malpighii of the epidermis,
chiefly in the immediate vicinity of the sebaceous glands.
In some of the lower animals large hairs, chiefly about the
face, are provided with special forms of nerve terminals:
such hairs are termed tactile hairs,

The hair follicles are rarely vertical to the surface of the
skin, the degree of their obliquity varying in differentlocal-
ities and, in consequence, the position of the hair upon the
surface. Many hairs have small bundles of smooth mus-
cular fibres passing from a point on the papillary layer of
the corium near the opening of the follicle and on the side
toward which the hair is inclined, to be inserted in the
outer fibrous layer of the follicle near the bulb. The con-
traction of these muscles, known as the arrectores pilli,
tends to erect the hairs.

Hairs are formed as solid club-shaped downgrowths of
the stratum Malpighii of the epidermis, which meet with
specially formed papillae around which the hair-bulb is
moulded: the yvoung hair is developed as a conical mass
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plied with nerves: the papillae upon its surface are simple
and closely crowded together: as far as the outer margin
of the lunula they show no definite arrangement, but
throughout the nail-bed proper are arranged in longitud-
inal rows, their extremities inclining toward the free end
of the nail : they are so closely set in the rows as to appear
to be confluent in ridges, which are sometimes said to re-
place them. Below, the nail-bed is connected with the dis-
tal extremity of the last phalangeal bone by numerous
strong bands of fibrous tissue: asit passes around the mar-
gin of the nail to enter the walls of the nail-grooves, it
assumes the structure commonly characteristic of it.

The stratum Malpighii is by some histologists defined
‘as a part of the nail-bed: it is a question of names merely,
but it is perhaps better on the whole to divide the two re-
gions by the natural boundary between dermal and epi-
dermal structures. The columnar cells of this stratum
are closely packed together, and multiply rapidly, partic-
ularly in the region of the matrix: very few polyhedral
cells are to be seen, the newly formed cells passing over
rapidly into the substance of the nail withcut an inter-
verﬁng stratum granulosum. Like the stratum lucidum,
the body of the nail consists of flattened horny cells, in
which traces of nuclei can be seen after dissociation. Dur-
ing foetal life the nail is invested by the stratum epitrich-
ium, traces of which overlie its margins at birth.
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stantly moist, the stratification of the epithelium becomes
less distinct: and on the inside of the mouth is found a
lé}gr of protoplasmic cells corresponding to the stratum
Malpighii passing by insensible gradations into a layer of
horny cells, flattened, and with small nuclei, that are con-
stantly being exfoliated, corresponding to the stratum cor-
neum : all trace of the intervening stratum gr;;lu]asum
and stratum lucidum disappearing The cells at the base
of the layer are columnar, like those in the correspond-
ing portion of the epidermis, and, like them, are con-
stantly forming new cells to replace those lost from the
outer surface.

Underneath the epithelium is the fibrous layer, corres-
ponding to the corium, to which the name of mucosa or
‘mucous membrane is sometime restricted: itis in most
cases thinner than the corium, but bears upon its surface
numerous papillae: below it breaks up into looser connec-
tive tissue as a rule, the meshes being occupied by the
glands of the mucosa and by fat lobules: to this looser
subjacent tissue the names of submucosa is applied: in
the region of the fauces, the soft palate, and the uvula ad-
enoid tissue is present in great abundance in the mucous
membrane; a feature never found in connection with the
corium of the skin.

Where the mucous membrane invests the hard palate,
and where it passes over the arch of either jaw to form
the gums, the fibrous layer becomes firm and dense, glands

and fat lobules alike being absent or very sparingly pres-
ent, and the deeper portion becomes directly continuous
with the periosteum of the subjacent bone. The papillae
and the investing epidermis of the dorsal surface of the
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thicker or thinner layer of rather loosely felted bundles of
white fibres, rich in blood vessels and in some cases having
its surface raised into papillae. Elastic fibres are some-
times present in such great numbers as to form a definite
elastic layer, and at other times are almost entirely want-
ing. Adenoid tissue may be present in varying guantity,
sometimes forming definite nodules or clusters of nodules.
Smooth muscular fibres may also be present, forming a
stratum in the deeper part of the membrane one or more
layers in thickness and known as the muscularis mucosae,
In exceptional cases, such as that above described in con-
nection with the hard palate and the jaw arches, the mu-
cosa is firmly united to the subjacent structures: as a rule
the deeper portion passes over into a layer of loose areolar
‘tissue known as the submucosa, thus permitting of the
free movement of the mucosa on the structures beneath.

Where the epithelium of a mucous surface is columnar a
varying proportion of the elements have the form of gob-
let cells, as described in a previous chapter: these are per-
haps the simplest form of special secreting organs found
in the human body; and are sometimes spoken of as uni-
cellular glands: the term gland being often loosely em-
ployed to designate any secreting organ and, indeed, some
organs that are not at all secretory in function. :

Increase of secreting surface is obtained by ingrowths
of the epithelium which penetrate the fibrous layer to a
greater or less extent, in a manner similar to that de-
scribed in connection with the skin; like those referred to

these ingrowths may be either tubular or saccular. Where
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rarely penetrate deeper than the submucous or subcutane-
ous tissue of the membrane trom which they are derived.
Large compound glands, on the contrary, are usually sit-
nated at some distance from the surface where their secre-
tions are discharged. Glands which are thus situated out-
side of the organs to which their ducts lead are called ex-
trinsic, the term intrinsic being applied to those contained
within the organs in question.

With the exception of the tegumentary glands discussed
or mentioned in the preceding chapter, all the glands of
the body open upon mucous surfaces; and with the far-
ther exception of the kidneys and the genital glands are
derived from the modification of a mucous membrane.
The secretions discharged by them have always one or
both of two functions: to lubricate and preserve the sur_
face in question, which is a general function, or to act as
ferments upon food stuffs taken into the body, which is a
special function restricted to the alimentary tract. Two
principal types of glands are therefore distinguishable
both structurally and functionally. Those of the first sort
are known as mucous glands; those of the second (from
the more watery character of their secretions, but less
properly) as serous glands. In the case of some com-
pound glands some of the alveoli are of the mucous and
some of the serous type: such are designated mixed
glands.

In glands of the mucous type the acini or alveoli are
lined with polyhedral cells which do not extend quite to
the centre of the cavity, thus leaving a well defined central
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from organs which had not been actively stimulated im-
mediately before the preparation was made. If a piece of
the fresh gland be examined in blood serum the mucigen
is seen in the case of the mucigenous cells to be present in
the form of very large granules: while the ferment secre-
ting cells are so swollen that not only the lumen of the
acinus but also the outlines of the cells are obliterated:
otherwise the appearances are much as deseribed above.
As the result of prolonged stimulation the mucigenous
cells discharge their secretion, and the nuclei approach a
central position: while the cells of the serous type become
smaller after discharge, and a distinct lumen becomes vis-
ible in the acinus. The two types of alveoli, become
therefore much more nearly alike, though not so much so
as to prevent their distinct recognition.

It 1s+in the mouth that we first meet with a mucosa;
and its discussion has therefore been deferred until after a
description of the lining membrane of that cavity. The
glands of the mouth also furnish us with examples of both
mucous and serous, and both intrinsic and extrinsic
glands.

The intrinsic glands of the mouth are the labial, bue-
cal, palatal (including those of the uvula), and lingual.
These are all racemose glands situated in the submucosa,
with the exception of the lingual, which lie between the
muscular bundles of the tongue. They are all of the mu-
cous type save those on the posterior part of the tongue,
which are serous. Their secretion contributes to form the
saliva of the mouth.
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The extrinsic glands of the mouth are those commonly
referred to under the name of the salivary glands: they
are designated, from their positions as the sublingual,
the submaxillary, and the parotid glands: the first-
named are doubtfully to be called extrinsic, on account of
their structure and position, since they consist in each in-
stance of a group of small glands opening by several
ducts, and aresituated just beneath the mucous membrane
on either side of the base of the frenum of the tongue.
The nature of the salivary glands differs in different mam-
mals: in man the sublingual and submaxillary are mixed
glands, and the parotid is of the serous type.

a !
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The acini or alveoli of one of the larger or extrinsic
salivary glands vary greatly in form from flask-shaped
sacs to wavy, contorted, or even branched tubules: the
basement membrane is reticulated and the epithelium
varies with the type of gland in question. Each alveolus
leads into a tubule smaller than itself known variously as
the ductule, the connecting or intermediate tubule or
the intercalary duct: the basement membrane of the duc-
tule is continuous with that of the alveolus; its epithelium
consists of a single layer of flattened cells. The ductules
of a number of alveoli enter a common tube known as an
intralobular duct or salivary tube of Pflueger, the
alveoliand ductules with the duct just mentioned together
making up a lobule. An intralobular duct consists of a
basement membrane continuous with that of the ductules,
and a single layer of columnar epithelial cells: the latter
have spherical nuclei situated near the centre of the cell;

£
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the outer extremity of the cell is finely granular, while
that next the basement membrane is vertically striated.
The basement memhbrane of the alveoli, the ductules and
the intralobular duct alike rest upon the interstitial con-
nective tissue, which contains rich networks of capillaries
surrounding the alveol.

Theintralobular ducts lead into larger condueting tubes
known as interlobular duets, around which the lobules are
ageregated into lobes, their boundaries within the lobe
being marked by septa of fibrous tissue. The interlobular
lead into the interlobar ducts, which finally enter the
chief duet of the gland. The larger ducts have beneath
the basement membrane a definite fibrous layer which in
some cases contains smooth muscular fibres: the epithe-
Jium is columnar and simple, save in the largest ducts, in
which a layer of polyhedral cells lies between the colum-
nar cells and the basement membrane.

The interstitial connective tissue which fills the spaces
between the alveoli passesinto thin laminae of fibrous tis-
sue which separate the lobules: these septa are again con-
tinuous with stouter structures of the same nature which
lie between the lobes of the gland. The interlobar septa
are continuous internally with the stroma of connective
tissue which immediately surrounds the proper fibrous
tunic of the chief duct and its principal subdivisions, and
externally with a membranous layver which surrounds the
whole gland and is known as its capsule. The place
where the chief duct leaves the interior of the gland is
known as the hilum: the nerves, arteries, veins, and
lymphatics of the gland also enter or leave at this point,
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the food i1s masticated and prepared forswallowing by the
thorough admixture of the saliva. These are the teeth
and the tongue. A tooth is a vertically elongated mass of
the tissue mentioned in a previous chapter by the name of
dentine, having a solid free portion, the erown, project-
ing above the gum and covered with a layer of enamel:

and a hollow portion, the fang, imbedded in a socket in
the jaw known as an alveolus; the outer surface of the

fang is covered with a layer of cementum, and the inter-
nal cavity occupied by the pulp. The slightly constricted
region where the crown and the fang meet and the tooth
pierces the gum is called the neck of the tooth.

The pulp which fills the central cavity of the tooth is a
mass of connective tissue approaching in character more
nearly to the gelatinous tissue of the embryo than any
other structure in the adult human body, its soft and spar-
ingly fibrillated matrix containing numerous branching
corpuscles whose processes are connected. It contains a
rich network of bloodvessels, and a small bundle of nerve

fibres, entering its substance through the minute canal at
the tip of the fang. Toward its surface the corpuscles
rapidly increase in number and in size, forming a superfi-
cial layer of crowded cells much resembling a columnar
epithelium: these are the odontoblasts; they are in all
probability directly associated with the formation of den-
tine.

Like osseous tissue, dentine is characterized by a lamel-
lated and calcified matrix traversed by canaliculi: it
differs essentially from the substance of hone, however, in
the mode of calcification and the definiteness of the lamel-
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lae, and particularly in that the characteristic corpuscles

assm_.'je_l_p_ed with its formation, the odontoblasts, do not,
like the osteoblasts of bone tissue, become imbedded be-
tween the lamellae, but remain situated upon the inner
surf'ﬂce of the mass, their 1 Iung and sparingly branched
processes, the fibresof Tomes, occupying thecanals, called
dentinal tubules, which traverse the dentinal lamellae.
Calcification takes place, at least in the outer portion of
the mass, by the deposition of globular nodules of lime
salts; these at first do not occupy the whole of the matrix,
leaving numerous irregularly stellate spaces, the inter-
globular spaces, the outer layer in which they abound
being known as the granular layer. The interglobular
spaces communicate outwardly with the surface of the
dentine and inwardly with the dentinal tubules: corpus-
cles have been described as contained in them and commu-
nicating with the extremities of the fibres of Tomes.
Deeper the calcification becomes more nearly continuous;
at certain intervals it is, however, incomplete, irregular
lines in a general way parallel to the surface being seen:
these, known as the incremental lines of Salter, may be
regarded as marking the boundaries of the lamellae. The
dentinal tubules are lined by a condensation of the fibres

of the matrix sometimes described as a distinct membrane ;
they have a wavy or spiral course across the lamellae and
give off branches occasionally at acute angles which pur-
sue a similar course; their waviness gives rise to astriated
appearance when a tooth is seen in longitudinal section
with the naked eye, or alow power of the microscope:
the alternating dark bands seen are known as the lines of
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Schreger. The general direction of the tubules is in the
fang at right angles to the lamellae; in the crown they
pass obliquely upward.

The enamel consists of a layer of elongated calcified

prisms, usually hexagonalin crosssection, set in a general
way vertical to the surface of the dentine of the crown of
the tooth; theyarealternately lighter and darker through-
out their extent, giving to the enamel as a whole a banded
appearance. In addition, occasional dark brown lines
may be seen crossing the enamel columns parallel-wise to
the surface; these, known as the stripes of Retzius, may
indicate lines of growth. Here and there vertical spaces
may be seen slightly separating the enamel columns near
the dentine, with which the interglobular spaces of the
latter possibly communicate. At the time of irruption
the surface of the enamel is covered with a thin cuti-
cular layer known as Nasmyth’s membrane; it is rapidly
worn away as soon as the teeth are put to active use.

The cementum, cement-substance, or crusta petrosa, as
it is variously termed, investing the surface of the fang, is
composed of tissue essentially similar in structure to that
of dense bone: the lamellae are few and irregularly ar-
ranged, the lacunae varying in size and form; the canali-
culi of the latter are said to communicate with the inter-
globular spaces of the adjacent dentine: there are no
clearly defined Haversian systems. The layer isformed by
the so-called periodontal membrane, which is practically
continuous outwardly with the periosteum lining the
alveolus which contains the tooth.
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face next the papilla become greatly elongated vertically,
and by their activity begin the deposition of the enamel;
whether by a process of secretion or by the transforma-
tion of their own substance is still a matter of debate;
the layer of enamel-forming cells is known as the inner
layer of the enamel organ: the margin of this layer is
continued over the convex surface of the enamel organ by
the outer layer of cuboidal epithelial cells, whichisin turn
continuous through the stalk with the epithelium of the
jaw, and which lies in contact with the dental sac: the
interior of the enamel organ contains a mass of cells, the
so-called middle layer, which becomes converted into
branching corpuscles, their interspaces being filled with a
watery fluid. From the side of the enamel organ or from
‘the adjacent stalk a bud arises early in the history of the
tooth, and grows downward to form a second enamel
organ in the case of those teeth which are succeeded by
others.

As the time of irruption approaches, the middle layer of
the enamel organ hecomes greatly compressed, and the
enamel forming cells of the inner layer reduced in depths
to flattened scale-like bodies, forming the membrane of
Nasmyth. The papilla rapidly elongates, forming the
fang, thus pushing the first formed crown upward to-
ward its final position. After the dentinal portion of the
fang is fully formed the cementum is deposited upon its
outer surface in a manner practically the same as that of
the formation of bone elsewhere.

The tongue is a mass of striped muscular tissue in-
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vested with the mucous membrane of the mouth, which

upon its upper surface i1s specially modified. The muscu-
lar fibres which make up its bulk are divided into two
symmetrical masses by a median vertical partition of
fibrous tissue, the lingual septum, which is better devel-
oped below than above: right and left of this they lie in
mterwoven bundles some of which run longitudinally,
others transversely, and a third set vertically; their
arrangement to form the lingual muscles is a matter
anatomical rather than of histological discussion.

The mucous membrane of the lower surface and sides of
the tongue does not differ essentially from that of the rest
of the mouth. At the margin of the upper or dorsal sur-
face, however, it suddenly becomes modified, the majority
of the papillae becoming greatly enlarged to form the pro-
jections of the surface visible to the naked eye and known
as the lingual papillae. Of these there are three kinds:
those most abundant, and covering the whole surface of
the tongue with a velvety layer, are known as conical or
filiform from their shape; they are tapering upgrowths
of the corium, covered with a corresponding laver of epi-
thelium, and are frequently bifid at their tips: scattered
here and there among them are spheroidal elevations of
the surface about the size of a small pin's head ; these are
termed fungiform, and are invested with a thin layer of
stratified epithelium. Near the root of the tongue, and
arranged in a V-shaped figure whose apex is directed back-
ward, are eight to twelvelarge papillae, roughly cylindrical
in form, which are sunk in depressions of the surface and
surrounded by circular trenches or grooves; these are the
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circumvallate papillae: the stratified epithelium of their
sides forms a deep layer in which are imbedded the taste-
buds or gustatory organs. The description of these strue-
tures will be given in the chapter devoted to the organs of
special sense.

The papillae all contain capillary networks, the fungi-
form and circumvallate papillae having a specially abun-
dant blood supply. The mucous membrane of the pos-
terior part of the tongue contains diffuse adenoid tissue

with here and there occasional nodules of the same.
The lingual glands of the anterior part of the tongue are
all [}f-_thE-I‘I'l_:t‘IEGUS type: some of those of the posterior
part, known as the glands of Ebner, are of the serous
type, their ducts opening into the grooves which surround
the circumvallate papillae. The tongueisformed in part by
an upgrowth from the floor of the mouth, in part by a
growth forward from the ventral wall of the pharynx:
its epithelium is therefore in part epiblastic and in part
hypoblastic in origin; but the two regions cannot be dis-
tinguished in the adult
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varies in size and form in different portions. Its structure
varies correspondingly in detail, as will be stated in the
descriptions of the various regions. In general plan it is
a tube having essentially a double wall whose divisions
are connected by a stratum of areolar tissue, and invested
throughout a portion of itsextent by the serous membrane
which lines the abdominal cavity.

The inner or glandular layer, the mucosa, 1s a mucous
membrane whose epithelium varies greatly in different
parts: the fibrous portion isin all the various regions more
or less infiltrated with adenoid tissue which is in places
quite scanty in amount or wanting altogether, in places
so abundant as to form conspicuous nodular masses.
Smooth muscular fibres are also present in all the regions,
usually in such quantity as to form a well-defined muscu-
laris mucosae, which may consist of two or even three
distinct lavers.

The stratum of areolar tissue into which the loose and
folded mucosa passes, the submucosa, varies in extent in
different regions, but always permits of free movement of
the folds of the mucosa. It is characterized throughout
the greater portion of its extent by the presence of a net-
work of nonmedullated nervous fibres with small ganglia
at the nodes, the plexus of Meissner: and contains the
larger blood and lymph vessels from which those of the
mucosa are derived,

Beyond the submucosa, which is continuous with its in-
ternal skeletal framework, is the outer principal layer of
the tube, the musculosa, or muscular layer. Theanterior
portion is composed of striped fibres; the remainder (and
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posed of striped muscular fibres. The structure of the
pharynx may perhaps be best understood if we regard the
musculosa proper of the alimentary tract as entirely defi-
cient, the aponeurosis representing the fibrosa, and the
constrictor muscles as external additions thereto.

The oesophagus, like the lower part of the pharynx, 1s
lined with stratified squamous epithelium. The mucous
membrane, which is thrown into longitudinal folds, bears
numerous small papillae upon the surface, covered by a
homogeneous basement membrane. Adenoid tissue is very
sparingly present in the mucosa, but occasional solitary
nodules may be found. The muscularis mucosae is want-
ing in the uppermost part of the oesophagus: lower it at
first appeafs in the form of scattered longitudinal bun-
dles, which near the lower end of the oesophagus become
so numerous as to form a continuous layer of longitudinal
fibres.

The submucosa, which is well developed, contains the
intrinsic glands of the oesophagus, which are of the
mucous type; their ducts traverse the mucosa: blood ves-
sels and lymphatics are numerous: the plexus of Meissner
is wanting or very scantily developed throughout the
greater part of the oesophagus.

The musculosa consists throughout theupper third c.-f a
transverse and a ]Dngltudmal l.r:lIEl‘ of striped muEula{'

ey

fibres ; lower down the layers are made up wimll}rl | rf
smooth fibres. The plexus of Auerbach is presenf: thuug‘h
its ganglia are smaller and less numerous than Hmse of

18 JH0Ol |l'I |
the rest of the alimentary canal. There is a more or Tess
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well defined fibrosa just without the external muscular

layer.

The oesophagus opens into the stomach, a saccular dila-
tion of the alimentary canal whose wall is greatly modi-
fied, chiefly in the mucosa: this layer is much thickened,
owing to the development of long tubular glands which
open upon its surface, are imbedded in it, and make up the
greater part of its substance; it is thrown into numerous
folds, or rugae, and is covered with a simple layver of
columnar epithelium containing numerous goblet cells, the
transition between which and the stratified epithélium of
the oesophagusisabrupt: itssurfaceis dotted all over with
the minute openings of the gastric glands previously
mentioned.

The gastric glands are distinguished by their structure
into two kinds, designated according to their position as
cardiac (also called peptic), occupying the region extend-
ing from the oesophageal opening to beyond the middle of
the stomach, and the pylorie, which occupy the lower
third. The former have short ducts lined with columnar
epithelium similar to that of the surface of the stomach:
the glandular portion is a long wavy or slightly coiled
tubule, whose end is sometimes strongly bent; from two
to four such secreting tubules commonly opening into a
single duct : lining the tubule throughout its whole extent
is a single layer of polyhedral cells, while scattered along
the tubule here and there between the layer of cells just
mentioned and the basement membrane are larger spher-
oidal or ovoidal cells. The cells first mentioned are called
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the chief or from their position the central cells, or, from
their probable ferment-secreting function, the peptic cells:
the others are known as the accessory or parietal cells;
they have also been called the oxyntic cells, and are sup-
posed to produce the acid of the gastric juice.

The pyloric glands differ from the cardiac in the propor-
tions of their parts, the ducts being much longer and the
tubules shorter: in the form of the secreting tubules,
parietal cells. Between the region of well defined cardiac
and pyloric glands is a narrow intermediate zone of
transition in which the ducts become longer and the
tubules shorter than in the cardiac region, while the pari-
etal cells become less numerous and finally are wanting
altogether.

The interstices between the gastric glands are filled with
interstitial areolar tissue containing a rich network of
capillaries and lymphatics and a small amount of adenoid
tissue, with occasional slender bundles of smooth muscu-
lar fibres. About the bases of the secreting tubules the
adenoid tissue is more abundant, and here and there forms
small nodules with ill-defined boundaries. Below, there is
a well-developed muscularis mucosae, consisting of two
distinct layers, an inner transverse and an outer longitu-
dinal layer: the inner is to some extent subdivided into
two laminae, the fibres of one running somewhat ob-
liquely to those of the other; from its inmost surface the
slender bundles above mentioned as running up between
the gastric glands are given off.

s AL L E_v'?"_.;}r- ! {.ti,,'[/{ S



CHAPTER XV. ALIMENTARY CANAL. 177

The submucosa of the stomach isa rather thick laverof
areolar tissue which extends upwards into the folds of the
mucosa which form the rugae. It contains the larger
bloodvessels and lymphatics connected with the vascular
supply of the mucosa, and a well developed plexus of Meiss-
ner situated nearer to the mucosa than to the muscular
coat.
other portion of the alimentary canal, the increase in
thickness being chieflv in the inner or transverse coat.
This, in addition to being greatly increased in volume is in
the cardiac portion more or less clearly divided into two
layers lying obliquely to each other and to the longitudi-
nalcoat. The plexus of Auerbach is conspicuously seen
between the two coats. On theouter surface is the serosa,
a thin fibrous membrane covered by endothelium, and ad-
hering closely to the longitudinal muscular coat except

along a narrow strip at the attachment of the mesogaster
and the omentum.

As we pass from the stomach to the duodenum the mu-
cosa becomes much thinner, the glands present in the
upper portion of the latter being situated in the submu-
cosa; a narrow zone of transition i1s seen between the
prloric glands of the stomach and the duodenal glands, or
folds, the valvulae conniventes, is covered with finger-like
or leaf-like projections, the villi, between which are tubu-
lar depressions, the intestinal follicles or erypts of Lie-
berkuhn: the surface of the villiand thelining of the crypts
are alike covered with simple columnar epithelium con-
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taining large numbers of goblet cells, the columnar cells
having vertically striated caps or borders. Beneath the
epithelium of both crvpts aad villi is an endothelial base-
ment membrane, sometimes called thesubepithelial endo-
thelium of De Bove. .

The centre of a villus contains a lvmphatic with a
widely opened extremity: around it are scattered bundles
of smooth muscular fibres proceeding from the muscularis
mucosae below: near the surface is a network of capil-
laries formed from the breaking up of a small artery at the
base of the villus and uniting to form a vein near its tip:
the interstices are filled with loose adenoid tissue. Between
the crypts at the base of the villi is a rich network of capil-
laries and lymphatics and imbedded, like those of the villi,
in adenoid tissue, which becomes quite dense about the
bases of the crypts; here and there well defined nodules

are found.

Immediately beneath the layer of adenoid tissue upon
which the erypts abut is situated the muscularis mucosae,
which is not so thick asin the stomach, but presents two
distinct layers, an inner transverse and an outer longitu-

dinal.

The submucosa of the upper portion of the duodenumis
quite thick: in addition to the blood vessels and lymphatics
and the plexus of Meissner, it contains the glands of
Brunner already mentioned. These are compound tubu-
lar glands, whose short alveoli, lined with polvhedral cells
surrounding a distinet lumen, open into slender branching
ducts which pass to the centre of the gland, there to open
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into the central duct: this, which is lined with short col-
umnar cells, penetrates the mucosa to open between the
villi. The glandular epithelium resembles that of the
pyloric glands, between which and the glands in question
there is a distinct transition at the pylorus: the epithelial
cells contain fine granules similar to those found in the
cells of glands of the serous type, which these glands re-
semble save in the non-essential feature of the larger size
of the lumen.

The transverse layer of the musculosa, as it reaches the
lower end of the stomach, becomes suddenly thickened to
form a muscular ring, the pylorus or gastro-duodenal
valve: pa.ssingl into the intestine it becomes as quickly
reduced in thickness, forming a layer much thinner than
that found in the gastric wall: a similar diminution 1s
found in the thickness of the longitudinal layer. The mus-
culosa of the small intestine does not otherwise differ
from that of the stomach, like which it is invested by a
serosa formed from the peritoneum.

In the lower portion of the duodenum the glands of
Brunner are wanting, and the submucosa becomes greatly
reduced, the canal assuming the structural character com-
mon to the greater portion of the small intestine, whose
division into the regions recognized by the anatomist is
not marked by any histological characters. The only
noteworthy feature in this respect is the specialization
seen in the quantity and disposition of the adenoid tissue
of the mucosa, which attains its highest development in
the lower portion of the small intestine, the ileum,
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Throughout the whole of the small intestine adenoid tis.
sue 1s found mn the 1unll: and between the crypts, as in the
upper portions of the duodenum just described: and as in
that structure, there is a continuous layer thereof between
thecrypts and the muscularis mucosae. This, however, be-
comes much thinner and less dense, while here and there
appear well defined nodules commonly known as solitary
follicles or (by the useof a term equally unfortunate) sol-
itary glands: it should of course be understood that these
bodies have functionally nothing in common with either
glands or follicles as defined on a preceding page: they are
broadly pear-shaped bodies whose bases usually extend
into the submucosa, which is locally thickened in connec-
tion therewith, and whose apices when lérge project as
‘rounded eminences upon the surface of the mucosa covered
with a single layer of columnar epithelium, both erypts
and villi being wanting at that point: in structure each is
a dense mass of adenoid tissue in the main uniformly dis-
posed, but with a slight diminution in density toward the
centre of the mass, containing acapillary network and sur-
rounded by numerous lymphatics: the nodules are sur-
rounded by the fibrous tissue of the mucosa, which is here
quite dense, but they have no definite capsule.

The solitary nodules of adenoid tissue give place to a
great extent in the lower portion of the intestine to clus-
ters of similar bodies sometimes calied agminated glands,
but better known as Peyer’s patches. Where these occur
the mucosa and submucosa are both thicker than in other
portions of the intestine: the nodules are closely crowded
together and in the centre of the mass become confluent:
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the conical apices of most of them project upon the sur-
face of the mucosa: the epithelium of the projections (as
is the case to some extent with that of the solitary nodules
just described) becomes infiltrated with leucocytes as in
the case of that investing the tonsils, often to such an ex-
tent as to be no longer clearly distinguishable, large num-
bers of leucocytes thus constantly entering the intestinal

cavity.

At the margin of the folds which constitute the ileo-
colic valve the villi cease abruptly; and as we pass the
margin in question we come upon the wall of the large
intestine, including its greater portion, the colon, with
its anterior prolongation, the caecum (ending in the ver-
miform appendix), and its posterior continuation, the

rectum.

The mucosa of the colon, like that of the rest of the
large intestine, is devoid of villi, It is crowded through-
out its whole extent with tubular follicles resembling the
crypts of the small intestine, but larger and showing ordi-
narily a larger proportion of goblet cells. The interstitial
adenoid tissue is scanty, but large solitary nodules occa-
sionally occur. The muscularis mucosae does not differ
materially from that of the small intestine.

The submucosa is a layer of moderate thickness, con-
taining the larger vessels and the plexus of Meissner. The
musculosa is well developed: the inner or circular layer is
thickened uniformly, while the outer layer is chiefly gath-
ered into three longitudinal bands. The outer surface is
covered for a portion of its extent with a serosa.
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The caecum is essentially similar in structure to the
colon. The appendix vermiformis is a rudimentary strue-
ture, variable in size and development: its mucosa con-
tains numerous follicles, like those of the colon, and also
solitary nodules of adenoid tissue: its musculosa con-
sists of two layers, the outer or longitudinal differing
from that of the colon in being of uniform thickness and
thicker than the inner or circular layer.

As the alimentary canal is continued downward to form
the rectum, its structure undergoes important changes in
each of the fundamental layers, in connection with the
modification which takes place in the function of the ca-
nal: these will as hefore, be described in connection with
the layers successively.

The mucosa of the rectum, like that of the colon, is de-
void of villi: it is much thicker than that of the colon, in-
creasing in thickness downwards to the anal opening. In
addition to temporary foldings, chiefly longitudinal, which
exist when the tube is empty, there are present three or
four transverse folds, semilunar in shape, known as the
valvesof Houston, and near the terminus several longitu-
dinal folds, the columns of Morgagni; their relations to
subjacent structures will be mentioned later. The epithe-
lium of the greater portions of the rectum is columnar,
like that of the small and the large intestines: just above
the anus thereisinman a transition from simple columnar
to stratified squamous epithelium continuous with that of
the surface of the body: this transition takes place upon
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the columns of Morgagni higher up than within the de-
oressions which lie between them. Follicles or erypts like
those of the colon abound in the mucosa of the greater
portions of the rectum: they disappear at the level of the

commencement of the columns of Morgagni. In addition
to a small amount of diffuse adenoid tissue, occasional
solitary nodules are found: they are less numerous rela-
tively than in the colon,

The fibrous structure of the mucosa of the rectum 1s
denser than that of the colon, particularly toward the
lower extremity, where there is a marked increase in the
proportion of elastic fibres and a diminutionin the amount
of adenoid tissue, the fibrous layer finally passing without
abrupt transition into the corium of the skin. The mus-
cularis mucosae is gradually increased in extent, and
consists chiefly of longitudinal fibres: at the lower por-
tion these are gathered together in several stout bundles,
which, with the overlying folds of the mucosa, form the
columns of Morgagni above described: these are contin-
ued into tendinous bundles which are inserted into the

skin in the immediate vicinity of the anal opening.

The submucosa of the rectum becomes considerably
thickened toward its lower extremity, in connection with
the increased mobility of the mucosa, and is in addition
reinforced by the presence of numerous elastic fibres: it
contains, moreover, a certain amount of adenoid tissue,
in this respect differing markedly from the same layer in
other portions of the canal. A distinct plexus of Meissner
1s present.
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The musculosa of the rectum undergoes marked in-
crease in thickness from above downward in both the cir-
cular and the longitudinal layer. In the former, there is in
addition to the gradual increase in volume a tendency to
divide into bundles of fibres of gradually increasing size:
at its lowermost limit a number of these bundles are ag-
gregated together to form the internal sphincter muscle
which surrounds the anal opening: distinct thickenings of
the circular layer also underlie the valves of Houston. The
longitudinal layer, as it passes downward, also undergoes
subdivision, the resultant bundles of fibres diverging more
and more from the circular layer, and being roughly divisi-
ble into three strata; an inner, the bundles of which are
interwoven with those that form the internal sphincter; a
middle, whose bundles terminate along the boundary of
the external sphincter (an extrinsic muscular structure
compesed of striped fibres); and an outer stratum whose
bundles unite with the levatores ani and the recto-coccy-
geal muscles.

The extrinsic glands connected with the alimentary canal
are but two in number, the pancreas and the liver, both of
them opening into the duodenal portion of the small intes-
tine, of which they are outgrowths. The pancreas is in
most respects similar in structure to alarge salivary gland
of the serous type; its connective tissue framework as well
as its blood and lymph vascular supply being the same,
and the form of the alveoli similar, as well as their arrange-
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ment in lobules and lobes. The epithelium of the alveoli re-
sembles that of a serous gland in its granular appearance,
and in the position of the nucleus; the lumen is also very
small. Certain differences are, however, to be noted. The
alveoli are as a rule longer and more generally tubular in
form: thecpi"thclial cells are taller and narrower, as a rule,
approaching to the columnar form: there have been de-
scribed under the name of ecentroacinar cells, certain spin-
dle-shaped elements occupying the lumen near the union
of the alveolus with the intermediate tubule; their origin
and function are alike uncertain. Theintermediate tubules,
with their characteristic flattened epithelium, are more
extensive than in the salivary glands, replacing in great
measure the intralobular ducts. The pancreas is also
characterized by the presence between the alveoli of pecu-
liar groups or clusters of intertubular cells which form
nodular masses situated in the intralobular connective
tissue or the interlobular septa; each mass having a defi-
nite tuft of capillaries: these bodies whose nature is not
clearly understood, are by some regarded as newly formed
or embryonic alveoli.

The liver is at once the largest and the most highly
modified of all the digestive glands. While it must be re-
garded as formed by the modification of a primarily tubu-
lar structure, the multiplication of the glandular epithe-
lial cells has obliterated the lumen of the tubule in each
instance, the secretion formed by the epithelium being dis-
charged through the agency of intercellular channels which
are unlike anything found in any other portion of the
human body. This extreme modification in the arrange-
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ment of the glandular epithelium is also accompanied by
an equally great modification in the arrangement of the
blood vessels, the capillary network apparently penetrat-
ing the epithelial masses; thus forming what at first sight
seems to be an exception to the general rule that epithelia
are devoid of blood vessels. The structure of the liver will
therefore best be understood if we begin by examining the
blood supply and the framework of skeletal tissue with
which it is associated.

The surface of the liver is invested by a thin capsule of
fibrous tissue, surmounted by the peritoneal endothelium.
From this capsule thin lamellae penetrate the surface of
the gland as interlobular septa: in the transverse fissure
it becomes continuous at the porta (which corresponds to
the hilum of an ordinary gland) with an important in-
growth of connective tissue, the so-called capsule of Glis-
son, which forms by far the larger part of the interlobular
tissue, becoming continuous with the ingrowths from the
capsule. The porta is the place of entrance for the nerve-
supply of the liver, and for the large portal vein and the
smaller hepatic artery; as well as of exit for the bile
duct and for the principal lymphatic trunk: these four
vessels and their ramifications, together with strands of
nerve-fibres, are usually found in close proximity, sur-
rounded by a certain amount of connective tissue, the
whole constituting what 1s known as a portal canal.
The blood leaves the liver by means of the hepatic veins,
whose branches are formed by the union of the sublobular
veins, the origin of which will be presently described: the

sublobular and hepatic veins are not accompanied in their
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course by branches of other vessels, a character by means
of which they can be readily distinguished from the
branches of the portal vein.

The lobules of the liver, sometimes (but less correctly)
termed the acini or alveoli, are masses of hepatic cells,
penetrated by capillary networks, polyhedral in form as
the result of pressure, and in man something over a milli-
metre in diameter. Those at the surface of the liver have
the axis vertical ornearly soto that surface: but thereisno
such regularity of position in the case of those more
deeply situated. The interlobular septa are in a few mam-
mals (of which the pig is one) quitestout and conspicuous:
in man they are far less developed; and the boundaries of
the lobules are in consequence not always readily deter-
mined. From certain points on the septa a very scanty
framework of connective tissue traverses the interior of
the lobule, accompanying the capillaries: its presence even
in small quantity is a fact of importance in forming aclear
conception of the essential structure of the liver.

The branches of the portal vein end in veinlets situated
in the septa and hence known as interlobular veins, each
lobule having several surrounding it: these give off capil-
laries (in a manner similar to arteries elsewhere) which
form a network whose meshes converge toward the axis
of the lobule: this is occupied by a single vessel, the cen-
tral or intralobular vein, into which the capillaries
empty. The intralobular vein passes at the base of the
lobule into a sublobular vein, the hepatic veins being as
has been stated, formed by the confluence of the sublobu-
lar veins.

J e
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The branches of the hepatic artery accompany those of
the portal vein to the lobules, where theydivide into inter-
lobular arterioles situated in the septa, together with the
interlobular veins: like the latter, thev terminate in capil-
laries; these are, however, situated chiefly in the connec-
tive tissue of the septa and the walls of the veins, a por-
tion of them only penetrating the lobules for a sufficient
distance to form channels of communication with the
capillary network of the lobule, as a means of discharge
of the blood from the arterioles. The portal vein and its
final branches, the interlobular veins, are therefore to be
regarded as the channels by means of which the blood is
submitted to the glandular action of the hepatic cells; the
hepatic artery being probably in large part, if not alto-
gether the channel of nutrition for the skeletal framework
and vascular mechanism of the organ.

The network of capillaries withits accompanying scanty
connective tissue forming, according to some observers,
perivascular lymph channels, is interwoven with another
and somewhat coarser network, that of the strands of
liver cells or hepatic cords. These are polyhedral epithelial
cells about twenty micra in average diameter,with granu-
lar protoplasm and central spherical nuclei, which perform
the complex secretory function of the liver. The size of
these cords are such that nearly every cell is brought at
some point in contact with a capillaryv; the surface of the
cell being in many cases slightly excavated along the line
of contact.

Between the hepatic cells is found a network of minute
passages usually not more than a micron in diameter, the
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tissue which supports a capillary network, whose meshes
conform to the structure and arrangement of the alveol.
In the lower vertebrates the liver consists of tubular alve-
oli essentially similar to those of other glands. If we con-
ceive of such tubules in the mammalian liver as becoming
elongated and branched, and finally anastomosing, we
shall understand the structure and arrangement of the
hepatic cords. According to this view the anastomoses
formed obliterate the boundaries of the alveoli; but we
may regard as belonging to one such division all the bile
canaliculi with their surrounding epithelium which lie
nearest to and presumably discharge into one of the inter-
lobular bile ducts: the beginnings of the ducts, with their
flattened epithelium, corresponding in position and struc-
ture with imtermediate tubules or intercalary ducts of
other glands: the lobule is thus seen to be in fact as well
as in name a lobule; that is, a collection of acini or alveoli;
and the application of either of the latter titles to it is
misleading. The most peculiar features in the structure of
the liver are those connected with the blood supply.
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vastly in extent), the epithelial layer, hypoblastic in its
origin; and the musculo-skeletal (and vascular) layer de-
rived from the mesoblast, extending from the basement
membrane, just beneath the epithelium within, to the
fibrosa (or, in the intestine, to the fibrous basis of the
serosa) without: the presence of this fibrous layer as one
of the constituents of the alimentary canal should be
clearly borne in mind.

It is by an outgrowth from the pharyngeal region of
the alimentary canal that the respiratory apparatus is
formed, and its structure throughout its wholeextent is de-
rived from such modifications of a musculo-skeletal layer
lined with epithelium as are required for the proper per-
formance of the functions of the various regions. These
are in the trachea and bronchial tubessuch as will serveto
maintain the patency of these channels for the passage of
the air and in some measure to regulate the same: and in
the airsacs such as will permit the freest interchange of
gases between the air which they contain and the capil-

laries within their walls.

The trachea is plainly seen to be composed of three
well-defined layers, similarly disposed to those which ap-
pear as the chief factors of the alimentary canal. The
inner of these is the mucosa; it differs in some important
respects from the layer of that name in the region just
mentioned. It is lined with what is usually termed a
stratified columnar ciliated epithelium: the layer is but
a few cells deep; those at the surface are cylindrical or
prismatic, with tapering bases, their free extremities in
most cases beset with numerous fine cilia, whose united
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action causes constant currents toward the mouth; here
and there goblet cells occur; beneath the superficial cells,
or interspersed between their bases, are elongated and
more or less spindle-shaped cells, which are probably des-
tined to replace them; still lower are pyriform and spher-
oidal cells, n;an}' of which multiply rapidly by cell-divi-
sion, replacing the older superficial cells as occasion re-
quires, resembling thus in function the deepest portion of
the stratified squamous epithelium of the oesophagus.

The epithelium of the trachea rests upon a basement
membrane, a homogeneous, elastic layer of considerable
thickness, perforated by occasional fine canals. This is
followed abruptly by a fibrous layer, whose bundles are
irregularly and somewhat loosely disposed and are inter-
mingled with a considerable number of elastic fibres:
there is a well but not greatly developed network of small
blood vessels, accompanied by nerves and lymphatics, and
a considerable amount of adenoid infiltration. Beneath
the fibrous layer, and continuous therewith, is the elastic
layer, composed of a dense network of elastic fibres, most
of which are longitudinally disposed, which form the inner
boundary of the mucosa: it is best developed in the dorsal
portion of the trachea.

The submucosa, like that of the alimentary canal, is a
layer of areolar tissue serving to unite the mucosa with
the denser layer bevond it. In addition to the larger
blood vessels from which the blood supply of the mucosa
is derived, and their associated lymphatics, it contains
numerous small glands ol the mucous type, whose long
ducts, lined with cuboidal epithelium, traverse the mucosa
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to open on its surface. These glands are, as a rule, most
abundant in those portions of the submucosa which are
situated opposite the intervals between the successive
fibrous rings of the trachea. Here and there in the sub-
mucosa an occasional adenoid nodule may be found, fre-
quently associated with a gland or its duct.

No single word will readily indicate the complex struc-
ture of the outer layer of the trachea: if we for conven-
ience make use of the term fibrosa in referring to it, we
shall designate it by its most constant though not most
membrane, rich in elastic fibres, reinforced at regular in-
tervals by the incomplete rings of cartilage which are the
most prominent components of the trachea, and bearing
on the inner surface of its dorsal portion the rudiments
of a muscular layer. The rings are composed of hyaline
cartil:,ige which is far less brittle than usual: they are
imbedded in the fibrous layer, which is continuous with
the perichondrium of each, and situated rather toward its
inner than its outer limit. The muscularlayer occupies an
elongated rectangular area nearly identical with that
bounded by the lines connecting the dorsal ends of the in-
complete cartilaginous rings, but somewhat more exten-
sive laterally : to the band of muscular tissue thusformed,
the name of the tracheal muscle is given. It consists en-
tirely of smooth muscular fibres; the great majority of
these are arranged in transverse bundles disposed in groups
which are separated by occasional transverse septa of
fibrous tissue; external to these are a few thin and short
longitudinal bundles forming an imperfectly defined layer:
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the muscular layer is invested outwardly by the fibrous
layer which it in some measure replaces, the latter being
here much thinner than in other portions of the trachea.
The bundles of the transverselaver areinserted between the
rings upon the fibrous layer; those opposite the rings are
in man inserted on their inner surface ; insome of the lower
mammals they are inserted on the ends and in others on
the outer surface of the rings. The longitudinal bundles
are inserted upon the ends of the rings and upon the fib-
rous laver. It is a noteworthy fact that in the dorsal por-
tions of the trachea some of the mucous glands are situ-
ated external to the muscular layer, their ducts penetrat-
ing it as well as the other layers of tissue beneath the epi-
thelium.

The bronchi, or right and left divisions of the trachea,
while they differ from it anatomically, particularly in the
form of the cartilages, resemble it in all essential respects
as regards their histological structure. As they enter the
lungs they branch and subdivide repeatedly, their imme-
diate continuations and their subdivisions, with the ex-
ception of the smallest, being known as the bronchial
tubes, or, as they are sometimes termed, the intrapulmon-
ary bronchi: by the time they are reduced to a diameter
of one millimetre, or thereabouts, they are known from
their size and structure as bronchioles; the smallest of
these are never less than half a millimetre in diameter.

The largest bronchial tubes are essentially like the
extra-pulmonary bronchi in structure: as we pass toward
the bronchioles, their structure undergoes marked though
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gradual modification: that of a tube of medium size may be
described as follows. The epithelium, like that of the
trachea and larger bronchi, is stratified, columnar and
ciliated, and rests on a homogeneous basement membrane,

Beneath this is a fibrous layer containing a moderate
amount of adenoid tissue, and numerous elastic fibres no
strands, which form the bases of the folds into which the
inner portion of the mucosa is {requently thrown: exter-
nal to the adeno-fibrous layer is a well-defined musecularis
mucosae, composed of smooth fibres transversely dis-
posed, this layer, which is of variable thickness from
point to point along the tube, is sometimes designated
the bronchial muscle.

External to the muscular layer is the submucosa, com-
posed here, as in the trachea and bronch, of areolar tis-
lymph vessels. The outermost layer, that which we have
for convenience termed the fibrosa, is the one which first
shows signs of reduction: the fibrous membrane is by no
means as dense, nor as clearly defined, either from the sub-
mucosa within or from the adjacent tissues without, as in
the trachea; the cartilaginous rings of the latter are rep-
resented by plates of cartilage of varying size and shape;
and there 1s nothing present in this layer that may be re-
garded as corresponding structurally to the tracheal mus-
cle. Occasional lobules of fat may be seen, and the mucous
glnnds not unfrequently penetrate into this layer, which
thus tends to approach in its structure that of the sub-
Mucosa.
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' As we pass toward the sn_mlln:r hrunchi_al_p_p__lyea the f.:[:-i-

- thelium becomes gradually reduced to a single layer of
'~ columnar ciliated cells resting upon a basement membrane.
I'! The fibrous layer beneath becomes much thinner; the rela- |
tive amount of adenoid tissue becomes less and less, and |
elastic fibres become far less numerous, though they do
not altogether disappear. The muscular layer, on the r
other hand, for a time at least, increases in relative thick- |
ness, becoming one of the mosc conspicuous features of \

small tubes. The submucosa and fibrosa become blended

and containing blood vessels, the mucous glands disap-
pearing from the former, together with the cartilaginous
plates (and the nodules which succeed them) from the lat-
ter,

Within the bronchioles (otherwise designated the term-
inal bronchi) still further reductions of structure take
loses its cilia, and later becomes more or less flattened,
forming a single layer of polyhedral granular cells upon
the basement membrane. The latter rests on a thin layer
of fibrous tissue with longitudinal elastic ibres: the muscu-
lar layer 1s reduced to scattered bundles and later to iso-
lated fibres, without finally disappearing altogether; while
the submucosa and the fibrosa become blended with each
other and with the fibrous layer of the mucosa.

The bronchioles lead into larger pyramidal or irregular
shaped spaces, the infundibula, into each of which open
by wide apertures a large number of the spheroidal or
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polvhedral air-sacs or alveoli which are the ultimate
chambers of the lung: each infundibulum with its assoeci-
ated alveoli making up one of the component lobules
of that organ, The principal change in passing from the
bronchiole to the infundibulum is found in the epithelial
layer: the low granular cells with which the distalextrem-
ity of the bronchiole is lined are found in the infundibulum
in patches which become smaller and less numerous as we
proceed to its farther extremity: between them are found
larger and thinner transparent cells which form a simple
squamous epithelium to which the distinctive title of res-
piratory epithelium is applied. Thebasement membrane,
the longitudinal network of elastic fibres, and the layer
of scattered muscular fibres are continued without essen-
tial change. The fibrous portion of the wall of the bron-
chiole is represented by scattered branched connective tis-
sue corpuscles situated in the interstices between the elas-

tic and muscular fibres.

The alveoli are in the main continuations of the walls of
the infundibulum. The epithelium consists almost entirely
of the large flat cells above mentioned, the smaller granu-
lar cells being scattered sparingly among them either singly
or in groups of two or three: between the cells, and in par-
ticular at the angle where three or four meet, are occasional
stomata, minute openings which communicate with the
lymph spaces below. About the mouth of each alveolus
there is an annular bundle of elastic fibres from which is
given off a network, which, together with a small amount
of fibrous tissue and a few connective tissue corpuscles,
forms the wall of the alveolus and the support of the epi-
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thelium and capillary network : from the form and dispo-
sition of the alveoli it results that a single layer thus
formed doesduty in great measure for two adjacent alveoli.
The capillary network contained in the interalveolar
septum thus formedisexceedingly dense; and itsloops pass
from side to side of the septum in a serpentinecourse, thus
bringing the blood contained within them as near as pos-
sible to the air in each of the alveoli.

The lymph spaces in the alveolar walls communicate
with the lymphatics situated in the connective tissue
septa which lie between the lobules. Each lobule, as thus
bounded, is irregularly pyvramidal in form, its apex being
situated at the bronchiole, toward which the limiting
septa tend: peripherally, the interlobular septa are con-
tinuous with the denser layers of fibrous tissue which
form the investment of the lobes: the latter,in their turn,
being continuous with the pleura which forms the serous
investment of the surface of the whole lung,

The laryni is a special modification of the proximal end
of the trachea: it differs in its histological structure from
the latter in the following particulars. Its epithelium is
in most portions stratified, columnar and ciliated, as in
the trachea: that of the true vocal cords and of the epi-
glottis and a portion of the intervening surface is strati-
fied squamous: in that covering the under surface of the
epiglottis numerous taste buds areimbedded. The mucosa
differs from that of the trachea, chiefly in the greater
amount of adenoid tissue, in places resembling the phar-
ynx in this respect: the elastic fibres which run through-
out its extent are greatly increased in number in the vocal
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cords, where they constitute the chief part of the mucosa.
The principal cartilages are hyvaline, like those of the
trachea: those of Santorini, of Wrisherg and of Luschka

are reticular, as is the epiglottis. The proper muscles of
the larynx are composed of striped fibres, resembling in
this respect the musculosa of the upper portion of the
oesophagus.

The course and arrangement of the blood vessels of the
lung are subjects rather for anatomical than histological
discussion. It should be borne in mind, however, instudv-
ing sections of that organ, that the lung has a double
blood supply: the branches of the pulmonary artery ac-
companying the bronchial tubes to their common destina-
tion in tke lobules of thelung; while the smaller bronchial
arteries, derived from the aorta, are distributed to the
walls of the air passages themselves and to the surround-
ing structures, as vessels of nutrient supply. A similar re-
lation subsists between the bronchial veins, which empty
into the ascending vena cava, and the branches of the
pulmonary veins.

The lymphatics of the lung are divisible in a_ somewhat
similar manner into two groups, those associated with the
bronchial tubes, and those associated with the air sacs.
The former, or bronchial lymphatics, have their origin in
the lymph spaces of the bronchial mucosa, forming a plexus
in the submucosa which empties into larger trunks lead-
ing to the rootof thelung. Thesecond groupiscompound
of two sets, the deep or vascular lymphatics, having
their origin in the connective tissue of most of the lobules
of the lung, and the superficial or, asthey are also termed,
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gland, which is developed by an increase in the number of

originally small alveoli.

While the respiratory tract is to be regarded as a sub-
divided saccular outgrowth of the alimentary canal, we
must not expect to be able to recognize essential similari-
ty of detailed structure in organs differing markedly in
function: a general comparison may, however, aid in
understanding and remembering the character and ar-
rangement of the tissues present. The epithelium is, of
course, continuous throughout. The mucous membrane
of the alimentary canal, with its varying amount of ade-
noid tissue and its subjacent muscular layer, isrepresented
in the air-passages by the adeno-fibro-elastic layer, to
which in the bronchial tubes a muscularis mucosaeis added.
The submucosa of one is continued into that of the other
without essential modification. The outer layer of the
larger air-passages may best be regarded as corresponding
to the fibrosa of the pharynx and oesophagus, reinforced
by the tracheal and bronchial cartilages. The musculosa
of the alimentary canal 1s represented only by the muscu-
lar area of the trachea with its well developed transverse
and rudimentary longitudinal layer.
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vic cavity termed a calyx. The solid portion itself can be
readily seen to be divided with considerable sharpness into
an outer region, the cortex, forming about one third of
the depth, and an iner, the medulla; the latter can be
again distinctly subdivided into the boundary layer next
the cortex, and forming about one fourth of the entire
depth, and the papillary portion, which includes the re-
mainder. The papillary portion 1s distinctly but uni-
formly striated : in the boundary laver radial tracts, termed
medullary rays, similar in appearance to those of the
papillary substance alternate with tracts characterized by

increased transparency.

The entire mass of radiating tracts extending from the
apex of a papilla to the meeting of the cortex and the
boundary layer constitutes what 1s known as a pyramid
of Malpighi; there are rarely less than ten or more than
twenty of them in a single human kidney : in some of the
lower mammals they are numerous, as in man; in others
there is a single papillarv ridge which projects into the pel-
vis along its length, or a single large central papilla: kid-
neys such as the latter are termed umpyramidal. If the
pyramids of Malpighi be conceived of as extended across
the cortex, the kidney would be divided into a correspond-
ing number of parts commonly called lobules: if, how-
ever, we are to compare these glands with others on the
basis of the arrangement of their ducts, these regions will
with greater propriety be termed lobes: in the human kid-
ney they are not structurally separated, but in that of some
mammals, as the otter, each is invested by a capsule of its
own, and is but slightly attached to its fellows: a condi-
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tion characteristic of the human kidney during foetal life.
In all multipyramidal kidneys, like that of man, the corti-
cal portion of each lobe extends around and beyond the
base of the pyramid toward the pelvis of the kidney : these
interpyramidal masses, composed in part of portions of
the cortical substance of the adjacent lobules, and n part
of blood vessels whose origin and course will be presently
described, are known as the r::n_luml_l_s of Bertin,

The medullary rays seen in the boundary layer are less
readily traceable in the cortex: they are, however, contin-
ued into that layer, growing smaller as they approach the
outer surface, and disappearing altogether before reaching
it. These prolongations of the medullary rays are known
as the pyramids of Ferrein: their bases, as will be readily
understood, rest on the bases of the pyramids of Mal-
pighi, each of which gives rise tqQ a large number of them.
The intervening portions of the cortex make up what is
known as the labyrinth: a definite portion thereof, not
marked off by any visible separation, is structurally con-
tinuous with each pyramid of Ferrein. Each pyramid with
its associated portion of the labyrinth, and its continua-
tion by means of the medullary ray to the apex of the
pyramid of Malpighi, may, as we shall see, be with pro-
priety regarded as corresponding in extent to a lobule of
other glands. Scattered throughout the labyrinth are
small rounded bodies, the Malpighian corpuscles, barely
visible to the naked eye. Beyond the cortex may be readily
seen the tough fibrous capsule which invests the whole
gland.

The kidney, like the liver, is characterized by the posses-
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sion of a specially modified blood supply, the most impor-
tant features of which are visible to the naked eve or with
a low power of the microscope. If a section be made as
above indicated through a well injected organ the follow-
ing facts may be noted. The renal artery, entering at the
hilum, divides into four or five branches which traverse the
lining of the pelvis, their subdivisions entering the columns
of Bertin. As they pass along the latter they give off twigs
to the cortical substance present, and on reaching thelevel
of the bases of the pyramids of Malpighi give rise to an
arched plexus through whose meshes the pyramids of Fer-
rein pass to the cortex. From the arcuate arteries of this
region branches are given off which run to the surface of
the kidney, known as the radiate or (from their position
between the cortical areas surrounding the pyramids of
Ferrein) the interlobular arteries: from these are given
off twigs which supply the cortical substance in a manner
presently to be described: their extremities terminate in
the capillary network of the capsule of thekidney. From
the arcuate arteries also arisenear the point of origin of the
interlobular branches slender vessels, the arteriae rectae,
which supply the medullary portion, passing directly
toward the apex of the papilla.

There may also be seen in the cortical portion of the kid-
ney, and receiving twigs which proceed from itssubstance,
radiate or interlobular veins situated in close proximity
to the arteries of that name. They arise just beneath the
the capsule by small vessels having a stellate arrangement
(thestellules of Verheyen), and traverse the cortex to enter
into arcuate veins in the main similarly disposed to the
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arteries of the boundary region; theyv resemble the latter
in receiving vena rectae from the medullary portion, and
unite to form trunks which pass by way of thecolumns of
Bertin to traverse thelining of the pelvis and come together
at or near the hilum to form the renal vein. The vasa
recta pass toward the papillae in groups which alternate
in the boundary laver with the medullary rays, forming
the tracts of greater transparency above mentioned.

The kidney is a compound tubular gland made up of
lobes and Jobules which, as we have seen, are not sharply
defined from each other by fibrous septa. Its component
tubules differ in a marked degree from those of any other
gland in the definiteness of their course; the variation in
size and in the character of the epithelium of the different
regions of each; and in the peculiar relations which they
sustain to their blood supply. With the exception of the
blood-vessels and their accompanying lymphatics and
nerves, together with the small amount of connective tis-
sue in which these are imbedded, and of a very scanty inter-
stitial tissue, the whole substance of the kidney, both cor-
tical and medullary, is made up of these tubules,

Each uriniferous tubule is made up throughout its
whole extent of a homogeneous basement membrane lined
with a single lave: of epithelium. It has its originina
Malpighian body, the extremity of the tubule being there
expanded to form a thin walled sac whose distal portion
is inverted into the proximal, forming a capsule of Bow-
man: into the cavity of invagination thusformed is thrust
a spheroidal mass of capillaries termed a glomerulus: its
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low polyhedral cells, greatly reducing the lumen. From
the loop the ascending tubule of Henle passes upward
through the boundary layer without essential modifica-
tion, save a slight increase in diameter, as a straight or
slightly wavy tubule.

The ascenﬁing tubule enters the cortex and travels for a
longer or shorter distancein the pyramid of Ferrein, finally
bending abruptly to enter the labyrinth as an irregular
tubule, whose size and the position of whose lumen varies
greatly in accordance with irregular variations in the
height of the striated epithelium, the lumen remaining mi-
nute throughkout its wholeextent : it pursues azigzag course
toward the Malpighian body whence the tubulearose. In
the vicinity of the latter it resumes a nearly uniform dia-
meter and exchanges its angular course for regularcurves:
it is now known as the distal convoluted tubule: in size,
form, and structure, it is identical with the proximal. Like
the latter, its course tends toward the pyramid of Ferrein;
as it proceeds, it narrows into a junctional tubule, or, as
it is also called, an arched collecting tubule, with low
cuboidal epithelium and a relatively largelumen. Itpasses
toward the axis of the pyramid to enter a straight col-
lecting tubule somewhat larger, but otherwise similar in
structure, which may also receive other junctional tubules
from point to point as it passes toward the boundary
layer.

The straight collecting tubule passes along the medul-
lary ray through the boundary layer unchanged in form
or size: after it enters the papillary portion it joins at an
acute angle with similar tubules, the resultant tubules be-
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coming larger with each union: the largest (and terminal)
tubes so formed, known as the ducts of Bellini, are lined
with a simple columnar epithelinm : their openings, visible
to the naked eye, are scattered over the apices of the pa-
pillae.

The interlobular arteries, as has been previously stated,
pass from the boundary to end in the capillaries of thecor-
tex. Along their course through the cortex they give off
on every side short arterioles which go to the neighbor-
ing Malpighian bodies: these, which areknown as the vasa
afferentia, on reaching these bodies give rise to the sphe-
roidal masses of capillaries called glomeruli, the arteriole
entering the glomerulus at a point opposite the neck of
the capsule: the capillaries unite again to form small ves-
sels, the vasa efferentia, which leave the glomeruli where

the afferent vessels enter.

The efferent wvessels, it will be seen, sustain to the glo-
meruli the relation of veins: they do not, however, proceed
to the interlobular veins, but divide shortly after leaving
the glomeruli to give rise to the cortical network of capil-
laries, which is made up throughout the labyrinth of
short irregular meshes interwoven with the convoluted
and irregular tubules, throughout the pyramids of Fer-
rein of long meshes running in the direction of the pyra-
mid. The capillary network is not distinguishable by any
known means into areas corresponding to the Malpighian
bodies, theindividual tubules, the lobules, or even the lobes
of the kidney, being apparently continuous throughout
the cortex of the whole kidney,
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Here and there in the capillary network the radicles of
small veins are formed, chieflv in the vicinity of the inter-
lobular veins, to which they lead. The veins in question,
arising from the stellate veins just beneath the capsule,
gather in their course the cortical veinlets and pass to the
arcuate veins of the plexus lying in the boundary. They
thus form the channels of returnfor the blood which leaves
the interlobular arteries by way of the vasa afferentia,
flowing, as should be noted, through two sets of capil-
laries, those of the glomeruli and those of the cortex, as

well as though the intervening vasa efferentia.

The vasa recta, as has been stated, leave the arteries and
veins of the boundary in close proximity to the interlobu-
lar vessels, in some cases springing as branches from their
bases. They pass inthetransparentstriae ofthe boundary
layer to the papilla, the arteries being resolved along the
way into the medullary capillaries, which form a net-
work with greatly elongated meshes running in the direc-
tion of the tubules between which they chiefly lie: in the
tip of the papilla the meshes are much shorter, forming a
denser network about theducts of Bellini. Thecapillaries
are gathered up into the radicles of the veins, which lie in
close proximity to the arteries. Occasionally the small
vessels which arise from that portion of the cortical net-
work of capillaries nearest the boundary layer, instead
of entering the interlobular veins, pass downward into
the medulla: these, which are known as false vasa recta,
sooner or later divide again into capillaries which enter
into the medullary network. The vasa recta divide the
medulla into regions corresponding to the lobules.
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The capsule of the kidney is a thin but tough fibrous
membrane, somewhat lamellated in structure, especially
toward the outer surface, and havingin its deep portion a
scanty plexus of smooth muscular fibres. At thehilum the
capsuleiscontinuous with the fibrosa of the ureter. Its sur-
face 1s invested with a small amount of adventitious areo-
lar tissue which in some cases contains numerous fat
lobules, and by which it is connected ventrally with the
fibrouslayer of the peritoneum, and dorsally with the fascia
of the adjacent muscles. A plexus of lymphaties has
been described in the capsule whose channels connect with
spaces in the superficial portion of the cortex: it unites at
the hilum with lymphaties which accompany the blood

vessels along and from the medullary rays.

The lining which invests the pelvis of thekidney and its
prolongations, the calyces, may be regarded as the con-
tinuation of the inner coats of the ureter, and may, like
the wall of the latter, be regarded as consisting of an epi-
thelial and a musculo-skeletal layer. The epithelium is of
the transitional type, which is found only upon urinary
surfaces: its peculiarities will be discussed in connection
with the bladder, in whose structure they are most
readily demonstrable. Immediately beneath is a thin but
dense fibrous membrane which, with the epithelium, makes
up the mucosa of the pelvis. This constitutes the sole in-
vestment of the papillae, the two layers of the mucosa be-
ing continuous with the epithelium and basement mem-
brane respectively of the uriniferous tubules at the mouths
of the ducts of Bellini. As we pass along the surface of
the calyx, however, the mucosa begins to be separated
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from the surface of the columns of Bertin by scattered
muscular fibres, which increase in quantity as weapproach
the margin of the fold which surrounds the tip of the pa-
pilla: here a well defined muscular ringis formed, which
has been compared to the transverse layer of the muscu-
losa; it may be regarded as in a certain sense a sphincter
of the papilla. The general surface of the pelvis is lined
by the mucosa and the muscular layer, there being present
between the two an inconspicuous submucosa of areolar
tissue, which also contains a small amount of adenoid

tissue and scattered mucous glands.

The ureter, as has been stated, consists of an epithelial
and a musculo-skeletal layer; the componentsof thelatter
being so distributed as to form with the epithelium a mu-

cosa, a submucosa, a musculosa, and a fibrosa. The mu-
cosa is a continuation of that just described as lining the

pelvis of the kidney, with which it agrees in structure in
every essential respect : 1t 1s relatively greater in quantity,
being thrown, like that of the oesophagus, into longitudi-
nal folds. The submucosa is correspondingly increased in
quantity : as in the bladder, it contains a small amount of
diffuse adenoid tissue, scattered nodules having also been
described, as have occasional mucous glands. The muscu-
losa shows throughout the whole length of theuretertwo
well defined layers, an inner longitudinal and an outer
transverse; and along the lower portion traces of a third
layer, external to the circular, are found, in the form of
scattered longitudinal bundles. Each of the principal
layers contains a comparatively large amount of inter-
stitial connective tissue as compared with the muscular
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layers of the alimentary canal: outwardly this is continu-
ous with a well defined but not very dense fibrosa.

The bladder resembles the ureter in the essential histo-
logical structure of its wall. The epithelium which lines
the mucosa resembles that of the pelvis of the kidney and
of the ureter, as has been stated: the term transitional
generally applied to.it, has, as it is generally defined, little
meaning ; it serves, however, to connote certain character-
istics pertaining to epithelium found only on urinary’
surfaces, and distinguishing it from stratified squamous
epithelium, with which it is often compared. The most
marked pecularity of transitional epithelium is the power
possessed by all of its cells (and not the deeperlayers only,
as is the case with stratified squamous epithelium) of
changing and regaining its form in connection with the
stretching or relaxation of the membrane beneath: this
can be most readily seen by mmparing sections of the col-
lapsed bladder and of one distended by a hardening fluid:
both conditions will therefore be described.

In the former case the transitional epithelium is seen to
consist of three distinct forms of cells arranged in what
may perhaps be termed as many layers, though, as will be
seen, the boundaries which separate them are not strongly
marked. The surface is invested with a single layer of cells
which are almost spheroidal or cuboidal above (though
usually not as deep as they are wide), the upper surface
being either flattish or slightly convex when the mucosa is
neither stretched nor pressed together, and almost hemi-
spherical when the bladder is strongly contracted: the
lower surface of the superficial cells i1s sculptured by con-
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cavities which fit closely the surfaces of the cells of the
next layer: two nuclei are sometimes seen in a single cell,
and it is quite possible that the superficial cells still retain
the power of cell-division. The nextlayerconsists of large
p_e__a_r—s_hg[mg t;cllls. their rounded ends fitting into the exca-
vations upon the under surfaces of the superficial cells, and
their smaller tapering extremities extending to the base-
ment membrane beneath. The spaces between the large
ends of the pyriform cells and the membrane are occupied
by the constituents of the third layer, whichis one or two
cells deep, and consists of smaller closely packed spheroidal
or polvhedral cells.

If the bladder be distended, the whole epithelial layer
becomes much thinner: the superficial cells become flat-
tened, approaching squamous cells in form; they never,
however, loose their characteristic sculpturing: the pyri-
form cells become greatly shortened: and the spheroidal
cells correspondingly flattened. A knowledge of the ap-
pearance of the elements in both these conditions is
highly important on account of the frequent appearance
of bits of epithelium in morbid urine. Itshould be remem-
bered also, that these changes doubtless take place regu-
larly with the daily periodic changes in the state of the
bladder. It is well, too, to note the fact that the cells
which compose transitional epithelium are always closely
in contact, whatever changes of form they may undergo:
and also that this epithelium has a remarkable power of
resisting diffusion into the blood vessels beneath of the
soluble constituents of the urine.

The mucous membrane of the bladder is much thicker
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and firmer than that of the ureter, and the transition to
the submucosa 1s much more abrupt. As in the ureter,
a muscularis mucosae is wanting, while a small amount
of adenoid tissue is present. The submucosa contains
numerous elastic fibres, and occasional mucous glands,
particularly toward the base.

The musculosa consists throughout of smooth muscular
fibres whose bundles are in a general way (and particu-
larly at the equator of the bladder) arranged in three
layers, a middle circular and an outer and inner longi-
tudinal: the bundles are, however, quite irregularly dis-
posed, and there is much interstitial connective tissue: it
is, therefore, not always easy to recognize the layers. At
the base of the bladder the circular layer is increased in
quantity to form the internal sphincter. The interstitial
connective tissue is continuous externally with a rather
loosely woven fibrosa, which is over a part of the outer
surface of the bladder invested with serous endothelium,

The female urethra continues the wall of the bladder
to the mucous membrane of the vestibule. In its course
the epithelium passes from transitional to stratified squa-
mous, the remainder of the mucosa undergoing no impor-
tant change. The submucosa contains numerous elastic
fibres and near the bladder a number of mucous glands:
its deeper layer is highly vascular. The musculosa con-
sists of an inner circular and an outer longitudinal layer
of smooth fibres, and there is no well defined fibrosa.
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tered over its surface flattened curling hairs with conspicu-
ous bulbs. The superficial fascia of the groin and adjacent
parts is continued into the scrotum to form a character-
istic tunic, the dartos, which is best developed in the fore-
part of the scrotum: it is quite highly vascular, and con-
tains numerous smooth muscular fibres; it is consequently
of a reddish-brown color. The right and left dartos tunics
unite in the mid-plane to form a partition, the septum
scroti, The corrugation of the skin of the scrotum is
caused by the constriction of the muscular fibres of the
dartos.

Immediatelyinternal tothedartos is a denser and firmer
fibrous layer, thin and transparent, known as the sper-
matic fascia: it is derived from the tendon of the external
oblique muscle of the abdominal wall. Within and closely
associated with the spermatic fascia is a layer of areolar
tissue which contains numerous bundles of striped muscu-
lar fibres variously disposed, constituting a more or less
continuous muscular layer termed the cremaster, and
formed from an extension of the external oblique muscle.
Still farther within, the fascia transversalis is continued
in the scrotal wall by the infundibuliform fasecia, a fib-
rous layer separated from the preceding by loose areolar
tissue and immediately underlying the parietal portion of
the tunica vag‘ina]ia. a serous membrane derived from
the peritoneum, which lines the scrotum and is reflected
upon the spermatic cord and testis.

The successive layers characteristic of the scrotal wall
are, therefore, from without inwards, the skin, the dartos

tunic, the spermatic fascia, the cremaster muscle, the in-
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Each lobule consists of a variable number of seminifer-
ous tubules supported by delicate lamellae of interstitial
tissue continuous with the stout fibrous septa as well as
with the proper membranes of the tubules: within these
lamellae peculiar epithelioid cells are found either singly or
in groups, whose origin and function are still uncertain;
they are known as the interstitial cells of the testis.

Each seminiferous tubule begins near the periphery of
the testis with an irregularly contorted portion extending
from its rounded extremity nearly to the mediastinum
and known as the econvoluted tubule, or the seminifer-
ous tubule in the strict sense: these occasionally branch
near their free extremities, and are said to anastomose in
some instances. As they approach the mediastinum they
hecome smaller and less irregular, and unite to form the
straight or conducting tubules, which lie in the apices of
the pyramidal lobules. On entering the reticular medias-
tinum the latter anastomose freely to form a network of
tubules of variable size, forming the rete testis, whose
meshes correspond with the spaces of the mediastinum.

The membrana propria of the convoluted tubules con-
sists of several lamellae of endothelioid cells with flattened
oval nuclei. Upon this membrane rests an epithehal layer
séveral cells deep, from whose inner strata are derived .the
male reproductive elements or spermatozoa, The base-
ment membrane of the straight tubules is a continuation
of that of the convoluted: it is lined with a single layer of
cuboidal epithelium. In the rete testis the mémbrane be-
comes continuous with the reticular framework of the
mediastinum, and can no longer be distinguished: the
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its constituents are probably derived primarily from the
cells of the parietal layer, but increase in number by lat-
eral divisions. They are by some authors termed sper-
matocysts,

The inner layer of distinctly cellular elements consists of
smaller and more numerous cells derived from the inter-
mediatelayer, the spermatoblasts (or spermatids of some
writers): these are probably directly transformed into the
spermatozoa. When first formed they compose a layer of
closely packed small granular cells: they subsequently be-
come more and more elongated vertically and collected
into small groups, each of which becomes connected with
one of the sustentacular cells above mentioned to form a
column of Sertoli: later the bundle of spermatozoa derived
from each group of spermatoblasts becomes separated
from its sustentacular cell; the constituent elements are
set free, and accumulate in large numbers in the lumen of
the tubule.

The mature spermatozoin consists of an oval and flat-
tened head, about four and a half micra long, two to three
broad, and one to two thick; a cylindrical middle part or
body about six micra long and less than one in diameter;
and a tapering cilia-like tail forty to fifty micra long.
The head consists chiefly if not entirely of the nucleus of
the spermatoblast: the origin of the body and the tail is
not so certain. In the lower animals the form and struct-
ure of spermatozoa vary greatly.

The pyramidal lobules and the body of Highmore, with
their investment, the tunica albuginea, compose the whole

of the gonad proper or testis in the strict sense. Closely
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small irregular coils in the middle region and is continued
at the lower portion as a densely convoluted mass, the
globus minor. At its origin it is twice the diameter
of the vasa efferentia: lower it becomes smaller, and is
enlarged again in the globus minor, from which it is con-
tinued as the beginning of the spermatic duct or vas def-
erens. It islined throughout its course with tall col-
umnar cells (between whose bases smaller rounded cells
occur) : these cells are provided with unusually long cilia
throughout the greater portion of the tube, the cilia dis-
appearing in the lower portion. Beneath the underlying
membrane is a thin circular layer of smooth muscular
fibres continuous with that of the vasa efferentia, which
is surrounded by a thin longitudinal layer. The convolu-
tions of the tube are bound together by interstitial areo-
lar tissue which i1s here and there replaced by incomplete
fibrous septa jwhich partially divide the 'epididymis into
irregular lobules.

The hydatids of Morgagni are small saccular baodies
lying between the globus major and the upper end of the
testis. One of these, the stalked hydatid, is provided
with a short peduncle, is usually present, and has a homo-
logue in the female organs of reproduction. The others,
the sessile hydatids, are variable in number and some-
times wanting: they are found in the male only. Both
stalked and sessile hydatids are lined with cuboidal epi-
thelium upon which cilia have been described.

The vas aberrans is a long narrow blind tube, a diverti-
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commencement of the duct there i1s also a longitudinal
layer of muscular fibres internal to the circular layer.

The ampulla, or sacculated enlargement of the duct sit-
uated near its junction with the seminal vesicle, resembles
the rest of the duct in structure, save that the various
coats are somewhat thinner. The tubular diverticula of
the vasa deferentia known as the seminal vesicles arelike
the ampullae in structure. The spermatic duct or vas de-
ferens of either side unites with 1ts associated seminal vesi-
cle to form the ejaculatory duct, or common seminal
duct, which completes the passage way from the seminif-
erous tubules of the testis to the urethra: in this region
the walls of the tube are much thinner than in the vas
deferens and the external fibrous adventitia disappears
‘as the duct enters the substance of the prostate gland.

The male urethra, into which the common seminal ducts
empty within the region surrounded by the prostate gland,
is by virtue of that fact divisible into two distinct regions,
the urinary and the urino-genital: it is the former alone
that corresponds to the female urethra. By its anatomi-
cal relations it is also divided into the prostatie, the mem-
branous, and the penial urethra: the former includes the
first of the two regions above mentioned and a portion of
the other. Histologically the structure differs in the sev-
eral regions chiefly in the character of the epithelium, in
the special structures found in the mucosa of the penial
region, and in the composition of the musculosa.

The prostatic urethra of the male resembles the female
urethra in being essentially a continuation of the wall of
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tions of these bodies are matters for anatomical discus-

sion: we are here concerned with their histological struct-
ure only.

What is known as erectile tissue consists primarily
“simply of a somewhat circumseribed collection of larger
and smaller veins which under certain circumstances may
become distended with blood, thus causing the parts in
which they lie to expand.” Its specialization consists
chiefly in the enlargement of the veins to form irregular
sinuses, or cavernae, and their frequent anastomosis; the
development and modification of the eircumseribing skel-
etal tissues; and accessory modifications of the arteries
of supply. That the cavernous sinuses are to be regarded
as veins is shown not only by the structure of their walls,
but also by the fact that the blood reaches them chiefly if
not entirely through capillaries. It will be seen from what
has just been said that erectile tissue is not constant in
structure as are adenoid and other compound tissues that
have heen previously described. The form assumed in
each locality where it occurs will therefore be briefly
stated.

The corpora cavernosa are surrounded and united by a
stout fibrous envelope, termed, like that of the testis, the
tunica albuginea; it consists of bundles of white fibres
chiefly disposed in a longitudinal direction and mixed with
numerous elastic fibres: within, the white fibres are chiefly
circularly disposed, surrounding each of the two corpora
to form an individual sheath; these two sheaths are
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uniformity of the trabeculae; and in the lesser amount of
muscular tissue which they ‘contain. The venous sinuses
are smaller and more uniform, forming a spongy mass,
from which the name is derived: their greatest dimensions
are as a rule longitudinally disposed.

In the glans the meshes are quite small and uniform
in size: the erectile tissue passes insensibly into the lower
strata of the integument, with whichits surfaceisinvested.
The derma is thin and highly vascular over the surface
of the glans, and the epidermis has the form of a stratified
squamous epithelium devoid of the division into layers
characteristic of the cuticle and resembling in character
that found on the oesophageal mucous membrane. Glands
arewanting, except upon the corona and the cervix, where
modified sebaceous glands, the glands of Tyson, are
abundant. Special nerve terminals, the so-called genital
corpuscles, are present, as are Pacinian bodies.

The skin of the penis is quite t11in,1|11ig]11:.r elastic, and
very movable, and contains but a very little fat: thelarger
portion is devoid of hair also: as it passes around the
free margin of the prepuce it changes its structure and the
character of its epithelium, the lining of the prepuce, like
the investment of the glans, having the appearance of a
mucous membrane. At the base it passes on into that of
the pubes, which is quite thick, beset with coarse hairs,
and provided with a dense fatty layer.

The urino-genital tract of the male has associated with
it certain glandular bodies, the prostate gland, which sur-
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lae of the testis: 1t consists chiefly of a peculiar form of
connective tissue characterized by the presence of elon-
gated nucleated cells which are frequently spindle shaped,
and by the scarcity of true fibrous tissue, either white or
elastic. It contains numerous smooth muscular fibres,
which are most abundant in the deeper portions. Toward
the surface the stroma becomes more dense, forming quite
a well-defined superficial layer, to which the name of the
tunica albuginea has been given; it lacks the firmness
and definiteness of the layer so designated in the testis.
At the base of the ovary the stroma is especially rich in
blood vessels: the region occupied by them is known as
the zona vasculosa.

The region between the albuginea and the zona vascu-
losa constitutes the parenchyma of the ovary. It is
rather indefinitely divided into a cortical and a medullary
portion by the character of the Graafian folliclescontained
in it. It also contains, scattered irregularly through it,
groups of interstitial cells similar to those found in the
testis. i’

The surface of the ovary is invested with a layer of cells
which are structurally continuous with the serous endo-
thelium of the peritoneum, but which differ therefrom in
form and function. They are cuboidal or low columnar
in shape, and constitute the germinal epithelium: they
have no proper basement membrane, but rest directly up-
on the tunica albuginea. Here and there may be seen, es-
pecially in the embryo, certain cells which are larger and
more rounded inform : these are the primitive ova. These,
during foetal life and possibly in childhood sink into the
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with fluid, invested by a well-defined theca, and lined by a
layer of small isodiametric cells of irregular form, the
layer being several cells deep: it is now known as the
membrana granulosa. Attached to it at one side of the
follicle 1s the rounded heap of similar cells which contains
the ovam: 1t is termed the discus or cumulus prolig-
erus. :

The follicles still increasing in size, their outer wall now
tends to approach the surface of the ovary, the fully ma-
tured follicle finally projecting somewhat from the surface,
by whose rupture the contained ovum is eventually to be
liberated. The theca is now well defined and consists of
two layers, an inner or vascular, and an outer or fibrous
layer. The cells of the membrana granulosa next the
theca and those of the cumulus next the ovum are dis-
tinctly columnar in form. The most conspicuous as well
as the most important body present is the mature ova-
rian ovum. Thisis aspheroidal body now much larger than
the primitive ovum from whithit was developed, although
small as compared with the ova of many of the lower ver-
tebrates. It 1sin the human subject about two-tenths of
a millimetre in diameter. It is invested by a thick cover-
in g appearing when seen with microscopes like those used
by the earlier observers to be quite clear: asits optical sec-
tion forms a girdle or zone of considerable breadth about
the ovum it was named by Von Baer the zona pellucida.
Careful examination by modern instruments and meth-
ods demonstrate that it contains innumerable radial
striae: it is therefore now commonly called the zona
striata, or still more accurately the striated membrane.
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large part of that organ in age. Thecorpusluteum formed
concurrently with pregnancy 1s large and well-defined and
is regarded as characteristic: but corpora lutea equally
large and distinet sometimes (though more rarely) occur

under other conditions.

The oviduets, commonly termed the Fallopian tubes,
while they vary in form in the several regintns distinguish-
ed bv the anatomist, are quite uniform in their histologi-
cal structure throughout their whole extent. Continuous
at the isthmus with the uterus, they open at the fimbriated
extremities into the peritoneal cavity: they consequently
present the only instance of direct continuity between a
mucous and a serous surface. Like nearly all the larger
tubular structures in the body, the wall 1s divisible into a
mucosa, a submucosa and a musculosa; to which is added
a serosa derived from their investment by the marginal
fold of the broad ligament.

The mucosa consists of a well developed fibrous mem-
brane moderately rich in elastic fibres, and well supplied
with blood vessels and lymphatics, which supports a layer
of simple columnar ciliated epithelium. An imperfectly
developed muscularis mucosae, consisting of longitudinal
bundles of smooth fibres, is also nresent. The mucosa
throughout its extent is thrown into longitudinal folds
which in the ampulla and particularlyin the infundibulum
are very extensive and have secondary folds upon their
surfaces, giinng to the cross section a peculiar arborescent
appearance. As seen in such sections the bases of these
folds often present the appearance of tubular glands; but
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extremities diverge somewhat, and terminate in a longi-
" tudinal tube which runs parallel with the oviduct: in some
of the lower mammals this tube is quite extensive and is
known as the duct of Gartner, a term also appled to it
in the human subject by many. Somewhat nearer to the
uterus than the parovarium a smaller and more irregular
group of rudimentary tubules occurs, similar in structure
to those just described. These have been designated by
Waldever the paroophoron. The homologies of these rudi-

ments will be discussed later.

The uterus presents but two distinct regions histologi-
cally, the fundus and body agreeing in structure and differ-
ing from the cervix. The most characteristic features of
the upper region are found in the mucosa, the stroma of
which is greatly modified, while the muscularis attaius a
greater development than does the structure bearing that
name in any other portion of the body. The surface is inves-
ted witha singlelayer of columnar ciliated cells directly con-
tinuous with that lining the Fallopian tube. Beneath this
1s a very thick mucous membrane containing but a very
small quantity of fibres and composed in large part of
spindle shaped cells similar to those foundin the stroma of
t-l:]-p ovary,loosely interwoven: the spongy mass so formed
contains numerous lymph spaces and leucocytes. Im-
bedded in it are great numbers of tubular uterine glands,
wavy or convoluted in their course, not irnrfrequent!}r
branched, and penetrating to the base of the stroma and
quite frequently between the bundles of fibres of the mus-
cular layer: they are bounded by a delicate basement mem-
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opment in different parts of the organ. The inner or cir-
cular layer is the more uniform in thickness and in the ar-
rangement of its fibres: the fibres of the outer layer are in
the main longitudinally disposed, but are somewhat ir-
regularly arranged upon the fundus, in accordance with
its irregularities of form. This layer also gives off bundles
of muscular fibres extending out into the ligaments of the
uterus. The musculosa is invested by a serosa which is a
continuation of the peritoneum.

The cervix differs from the region just deseribed chieflv
in the structure of the mucosa, the stroma of which is
much firmer and richer in fibres, both white and elastic,
the membrane being thrown into characteristic folds, and
in the lower portion beset with minute papillae. The up-
per two-thirds is lined with columnar ciliated epithelium
continnous with that of the upper regions: this passes
below into the stratified squamous epithelium which in-
vests the papillated lower third. There are present both
tubular and saccular glands said to be lined in each case
with columnar ciliated epithelium: the saccular glands
contain also goblet cells and secrete the thick mucus found
in the cervix. Here and there spheroidal bodies filled with
a clear vellowish fluid can be seen with the naked eve:
they are probably occluded and enlarged mucous glands,
and are known as ovula Nabothi. The muscularis mu-
cosae is well developed and consists chiefly of circular
bundles: these are accumulated in greater numbers at tz
upper and lower extremities of the cervix to form the
sphincters of the regions in question.

The submucosa is not conspicuous. The musculosa re-
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laris mucosae, elsewhere absent: a ridge of rudimentary
erectile tissue is thus formed beneath each ruga. Leuco-
cytes abound in the mucosa, and scattered nodules uf{a_d_;r-
noid tissue are found: in the anterior wall near the orifice
there is a well-defined adenoid layer. Special nerve termi-
nals, the genital corpuscles of Krause, as found in the
mucosa of the vagina. It is doubtful whether glands of
any sort are present.

The submucosa is quite loose in structure and contains
a venous network whose meshes run chiefly in the direc-
tion of the vagina. Bevond the submucosa is the mus-
culosa, which is not sharply defined, as in most cases, in-
to distinct strata: the inner bundles are in the main circu-
larly disposed, and the outer bundles longitudinally; the
two regions being, however, blended by numerous oblique
bundles. A well-marked fibrosa invests the musculosa: it
1s composed largely of elastic tissue and is best developed
on the anterior wall: it also contains an extensive plexus
of large veins intermingled with bundles of smooth mus-
cular fibres and forming a layer of erectile tissue best de-
veloped near the lower extremity.

The hymen agrees in its structure with a fold of the
mucosa of the vagina, and can perhaps be regarded as de-
rived therefrom, though its presence in rare instances in
cases of absence of the vagina has caused this mode of
origin to be questioned by those who regard it as a fold of
the skin of the vestibule.

The vulva includes a number of parts or regions each
characterized by certain histological features worthy of
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corpuscles. Fat is wanting in the subcutaneous connec-'
tive tissue, butlarge irregular venous channels are present,
with smooth muscular fibres, composing here as elsewhere
a loose form of erectile tissue. The labia majora are well
defined folds of the skin whose mner surfaces resemble in
appearance the outer surfaces of the labia minora, with
which they are confluent, but differ from them in the pre-
sence of occasional modified sweat glands and minute
hairs, associated with the sebaceous glands common to
both. The thick and rounded margin of the fold affords
a gradual transition from the moist stratified squamous
epithelium of the mucous type found upon the greater por-
tion of the vulvar surface to the epidermis of the skin,
with which its outer surface agrees in general struct-
ure. In the deeper portions of the integument of the labia
majora is found a layer of tissue similar to that forming
the dartos tunic of the male serotum, with which the labia
correspond. Like the divisions of that structure they
converge above to be united upon the pubic eminence in
the region known as the mons veneris, characterized, as
in the male, by an abundance of coarse curling hairs, of
numerous enlarged sudoriparous glands,and by a dense

mass of subcutaneous fat.

The mammary glands, while essentially tegumentary
organs, differ so greatly from all other dermal glands as
to require consideration apart from the latter: their func-
tional relations to reproduction render it appropriate to
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gland the acini are spheroidal, comparatively large, and
are lined by g;iggle layer of cells which when at rest are
flattened, but during secretion become euboidal or colum-
nar in form, their extremities containing one or morelarge
oil-droplets in each instance: thelatter areliberated by the
rupture of the cell substance, a portion of which is prob-
ably contributed to the secretion. The basement mem-
brane upon which the epithelium rests consists of an en-
dothelioid layer of conneetive tissue corpuscles: the intra-
lobular stroma is greatly reduced in proportional quan-
tity. The terminal branches of the ducts have a thin base-
ment membrane like that of the alveoli, which is lined by
a single layer of flattened cells, their appearance resemb-
ling that of the ductules of the salivary glands: the larger
lactiferous ducts have stouter walls, and cuboidal epithe-
lium ; these empty into the still larger channels, the galac-
tophorous ducts, one of which leads, as has been stated,
from each lobe to an independent orifice upon the skin of
the nipple. These large ducts have stout walls of fibrous
and elastic tissue, containing a few smooth muscular
fibres: they are lined with columnar epithelium save in
their outermost portions, where the epithelium becomes
stratified. Each has an enlargement, the ampulla, near
its termination at the nipple, whose structure does not
differ from that of the rest of the duct.

In the intervals between lactation the mammary glands
assume a resting condition in many respects similar to
their primitive state. They always contain, however, a
smaller amount of dense fibrous tissue and a larger
amount of fat, and are consequently much less firm in






250 PART II. HISTOLOGICAL ANATOMY.

In the great majority of the classes of the higher inver-
tebrates the elimination of nitrogenous waste products
takes place through the agency of organs designated
by that term. A nephridium is essertially a tubular

structure opening at one extremity upon the surlace of
communicating with the body cavity, or coelom, by a
more or less funnel-shaped extremity termed the ne-
phrostome. Its wall 1s lined with an epithelium which
is glandular throughout a large portion of its extent:

the funnel-shaped internal opening is commonly and the
larger portion of the rest of the tube frequently cili-

ated, the ciliary movement invariably sweeping toward
the external opening. The tube may be simple and
quite direct in its course, or long, convoluted, and di-
vided into specialized regions. Where a well developed
vascular system i1s present the more or less coiled ne-
phridial tube is usually provided with a rich net-work
of capillaries. Nephridia may be simple: a single pair
opening right and left on the surface of the body, as in
many mollusks; or a pair being found in each of the
majoritv of the segments of the body, as in the annelids,
where they were first observed, and designated from
their disposition segmental organs: or they may be
compound, a number of funnel-bearing and ciliated tu-
bules opening symmetrically into lateral tubes which
discharge [the secretion of the tubules upon the surface
of the body or into a posterior cloacal sac, as in the roti-
fers. Without entering into a discussion of the homolo-
gies that may exist between the nephridia of the various
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of the body cavity on either side of the mid-plane and
opening into right and left ducts of discharge. The dis-
position, form and relations of the tubules, and the origin
and position of the duct of discharge of the functional kid-
ney undergo important modifications in the various
classes of vertebrates. Taking the group as a whole the
series of tubules may be said to be divided into three reg-
ions, the pronephros or head-kidney, the mesonephros
or primitive kidney, and the metanephros or permanent
kidney of the higher vertebrates. Each of these regions
needs brief consideration.

The pronephrosis best developed in the anamnia (cyclos-
tomes, fish-like vertebrates, and amphibia), in all of which
it 1s present as a well-defined structure in the embryo, and
in some of which it is functional in the adult. The tubules
are alwayvs few in number, sometimes but one on each
side, open upon the body cavity by distinet nephrostomes,
and discharge into ducts leading to the cloaca and known
as the segmental ducts. Near the opening of the nephro-
stomes there is found on each side a process of the coelo-
mic wall containing a mass of capillaries and constituting
a prominent glomus: the region of the coelom where this
occurs is either partially or in some cases wholly con-
stricted off from the rest of the body-cavity so as to form
“what is practically an enormous Malpighian body:”
thus foreshadowing the arrangement found in the perma-
nent kidney of the mammals. The development of the
pronephros is embryonic and rudimentary in the sharks
and their allies among the fish-like vertebrates, and in all
amniota (reptiles, birds, and mammals): in thelast named
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primitive kidney, or Wolfhan body; diverticula grow out
from the Wolfhan tubules of that region and become con-
nected with the testis, forming channels of escape for the
spermatozoa, which thus reach the Wolthan duct; the
latter therefore functions both as a ureter and a spermi-
duct.

In the selachians (the sharks and their allies), and in all
amniota a diverticulum is given offfrom the posterior por-
tion of the Wolflian duct. In the former class this be-
comes connected with a mass of serially disposed tubules
arising posterior to the Wolfhan body, the metane-
phros, or permanent kidney ; the duct in question being
the true ureter. In the amniota the ureter grows out to-
ward a mass of cells in which true uriniferous tubules
with their associated Malpighian corpuscles are being
formed. Itis not certain that this structure is strictly
homologous with the selachian metanephros: it may, per-
haps, be so regarded, the difference in the mode of devel-
opment being due to an intensified acceleration of growth
similar to that already mentioned in the case of the Wolff-
ian body. The latter structure never acts as a kidney in
the higher vertebrates, its sole function being connected
with the transmission of the reproductive elements of the
male: the Wolthan duct becomes the spermiduct or vas
deferens: in the female the whole structure is functionless
and rudimentary.

This digression into the field of comparative anatomy
will not be without valueif it aids in making clear the
brief statement of the development and homologies of the
male and female urogenital apparatus of the human sub-
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become connected with the testis, forming the coni vascu-
losi of the epididymis, and possibly the rete testis as well:
those of the posterior portion, corresponding to the strictly
renal portion of the primitive kidney of the anamnia, be-
come rudimentary and form the vasa aberrantia and the
paradidymis, or organ of Giraldes. The Wolffian duct be-
comes the convoluted tubule of the epididymis with its
continuation, the vas deferens, thelatter giving off the semi-
nal vesicles as it 1s transformed into the ejaculatory duct.
In the female the whole structure, being functionless be-
comes rudimentary: the anterior portion of the tubules,
corresponding to the epididymis, becomes the parovarium
or epobphoron; the posterior portion becomes the paro-
tphoron: the Wolfhian duct becomes the rudimentary duct
‘of Gartner.

The Miillerian duct undergoes corresponding differentia-
tion. In the female, where it is functional, the upper por-
tion terminates in the fimbriated extremity: the middle
portion becomes the Fallopian tube, or oviduct in the
strict sense. The lower portions coalesce on the mid-line,
the upper region of the median structure forming the
uterus and the lower the vagina: a discussion of the mode
of their coalescence would take us again into the domain
of comparative anatomy. In the male the Miillerian duct
is, like the Wolfhan duct ofthefemale, altogether function-
less. It early disappears throughout the greater part of
its extent: the upper portion is perhaps represented by the
sessile hvdatid of the testis: the coalesced lower portions
form the uterus masculinus, which sometimes shows traces

of a vaginal region.






258 PART II. HISTOLOGICAL ANATOMY.

the narrow and elongated sinus; while the development
of erectile tissue in the walls of the canal gives rise to the
corpus spongiosum: the canal becomes the urethra of the
penis. In the female the eminence remains small and be-
comes the clitoris: the sinus becomes short and broad and
is represented by the vestibule: the genital folds become
the labia minores; the genital ridges the labia majores.

Glandular diverticula of the sinus are found in both
sexes. The prostate of the male may be regarded as so
derived; there-s no corresponding structure in the female:
the glands of Cowper and the glands of Bartholin are ho-
mologous specializations of urethral structures. The
change of position of the gonads has been already re-
ferred to. Situated at first in the more anterior region of
‘the abdominal portions of the body cavity, they undergo
an apparent shifting backsward in both sexes. The change
is least in the female, where they find a permanent resting
place within the pelvis. In the male they reach the brim
of the pelvis, penetrate the abdominal wall, and push their
way into the genital ridges: these enlarge, become saccu-
lar, and coalesce below the united genital fold to form
the scrotum.






260 PART II. HISTOLOGICAL ANATOMY.

teries of the limbs: in large arteries, however, there is adis-
tinct admixture of elastic tissue in the form of a network
of fibres; this is connected with the elastic layer of the in-
tima, and pervades the whole muscular coat: it increases
in proportion with the size of the vessel. The muscular
fibres of the media are quite short, and are very irregular
in form, lacking the definite spindle shape characteristic
of smooth fibres in most places where they occur. In some
of the larger arteries many of the muscular bundles of the
inner part of the media are longitudinally disposed.

The adventitia is the stoutest and most resistant of the
coats of the arteries. It is rich in elastic tissue, especially
toward the media, the larger arteries exhibiting just ex-
ternal to that coat a distinct elastic layer, the membrana
‘elastica externa; this is followed by a region rich in elas-
tic fibres: more outwardly the adventitia consists almost
wholly of closely felted bundles of white fibrous tissue
which at its outer surface passes over into the intersti-
tial areolar tissue found between the vessel in question
and the adjacent organs. In some of the larger arteries
longitudinal bundles of smooth muscular fibres are found.

In connection with the discussion of the respiratory
tract regarded as a diverticulum of the alimentary canal,
it was pointed out that the coats of the latter were desig-
nated by characters readily demonstrable with the dis-
secting knife, but that the proper division based upon his-
tological characters would be into an epithelial and a
musculo-skeletal layer. The coats of an artery as above
described are also examples of structures clearly disting-
uishable by anatomical methods: but a consideration of
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ing inwardly, each of the layers being bounded by an en-
dothelium. The outer layer, or epicardium, is the cardiac
portion of the pericardium. It is invested with serous
endothelium which rests upon a membrane whose outer
portion consists chiefly of white fibrous tissue, but which
contains in 1ts deeper layer a considerable quantity of
elastic fibres arranged in a loose and indefinite meshwork.
Beneath the membrane is a stratum of areolar tissue
which is rich in fat cells, and in which run the vessels and
nerves of the wall of the heart; in the auricles there are
numerous small ganglia connected with the nerves. The
lining membrane, or endocardium, is not unlike the epi-
cardium: its investing endothelium, while continuous
with that lining the arteries and veins, and agreeing in
function with vascular endothelium, is composed of cells
which are not elongated in form, but resemble rather in
outline those found on serous surfaces. The membrane
contains a few muscular fibres, and the subjacent con-
nective tissue but a limited quantity of fat cells. In the
auricles the elastic tissue of the membrane is quite well
developed. |

The myocardium or muscular layer of the heart varies
greatly in thickness, being most developed in the ventricu-
lar wall and least in some portions of the auricles. The
peculiar cardiac muscular elements of which it is com-
posed have already been described: they are arranged in
bundles which form the fibres and lamellae visible to the
naked eye: the disposition of the latter is a subject of an-
atomical rather than histological study. Between the
bundles is a very delicate framework of connective tissue
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ing the intima of the larger veins are but slightly if at all

elongated, resembling those of the endocardium in their
Polygonal outline :in the smaller tributaries the form char-

e

acteristic of vascular endothelium is assumed. The media
of the two venae cavae is a continuation of the myocar-
dium of the right auricle, and contains cardiac muscular

elements: that of the larger veins generally containsbuta
small quantity of muscular tissue, intermingled with
bundles of white fibres, which replace the elastic tissue
si[ﬂilﬂr]y situated in the larger arteries. The media of
some veins, notably those of the nervous axis and of the
bones, is entirely devoid of muscular tissue. In a few
cases the muscular bundles situated in the inner part of
the media are longitudinal in their direction. The adven-
titia of the veins consists chiefly of a stout layer of felted
bundles of fibrous tissue, containing a moderate amount
of elastic fibres. In the portal, renal, and some other veins,
the adventitia contains numerous bundles of smooth
muscular fibres longitudinally disposed. The valves of
the veins are folds of the intima, strengthened by bundles
of fibrous tissue arranged parallel to their free borders,
and containing a small amount of elastic tissue: mus-
cular bundles from the media sometimes extend into the

bhase.

The lymphatic vessels resemble the blood vessels in the
fact that their walls are composed of an inner, a middle,
and an outer coat: each of the three coats is, however,
much thinner than in the case of the blood vessels, the
middle and outer being especially so. It is customary to
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garded as enormous lymph cavities. Their general struct-
ure and particularly that of their characteristic epithe-
lium has been discussed in a previous chapter: it remains
to speak briefly of some of the features characteristic of
each (in so far as they have distinguishing characteristics)
and to describe some allied though different structures
usually associated with them.

The right and left pleurae, which invest the lungs, line
the thoracic cavities and bound the mediastinum which
separates the latter, while they have the general charac-
ter of serous membranes, vary somewhat in structure in
different localities. They are thickest over the ribs, where
the subserous layer of areolar tissue permits of the ready
removal of the membrane: the stomata of the endothe-
lium are said to occur over theintercostal spaces only. The
membrane becomes thinner and more adherent as it passes
onto the surface of the diaphragm. On the surface of the
lungs it is quite thin and closely attached, the connective
tissue becoming continuous with that of the framework
of the organ: the endothelial cells of the pulmonary
pleura are also taller and more granular. The pericardium,
or heart sac,is in reality but little more than a double
serous membrane: its outer portion being derived from the
pleurae and its inner forming the proper pericardial mem-
brane which is reflected upon the heart as the epicardinm:
between the two membranes is a layer ofareolar tissue
containing a small quantity of fat and numerous blood
vessels and lymphatics.

The peritoneum, which lines the cavity oftheabdomen,
is the largest and most complicated of the serous mem-
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branes. Like the pleura, it is thicker in its parietal than
its visceral portion. The subserous layer of areolar tis-
sue is less developed along the ventral midline and on the
under surface of the diaphragm than elsewhere in the
parietal peritoneum, which is consequently most closely
adherent in these regions: that of the visceral portions is
in every case closely connected with the skeletal structures
of the organs invested. Certain of its folds, termed liga-
ments, from their mechanical relations to the organs with
which they are connected, for example, the spleen, the liver,
and the uterus, have their applied fibrous membranes in
close contact. Others, such as the omenta, have between
the membranes a layver of areolar tissue in which a greater
or less amount of fat may be developed. In the me-
sentery the intervening layer contains, in addition to a
variable amount of fat, an extensive system of blood and
lymph vessels: associated with the latter are the numer-
ous nodules of adenoid tissue commonly called the lacteal
glands: their structure will be described in the following
chapter in connection with other similar bodies. The
tunica vaginalis of the scrotum and testis must be re-
garded as an offset from the peritoneum: its structure
and relations have been sufficiently described in a pre-
vious chapter.

The meninges of the brain and spinal cord, and in par-
ticular the pia mater, have been regarded as serous mem-
branes: they differ, however, in structure and relations
alike from the ordinary membranes of that name, and will
best be discussed in connection with the nervous axis. The
perilymphatic and endolymphatic surfaces of the internal



268 PART II. HISTOLOGICAL ANATOMY.

ear will be considered in connection with thedeseription of
that organ.

The synovial membranes, which line the capsules of
joints, the sheaths of tendons, etc., may here be consid-
ered, although they differ materially in structure from the
serous membranes with which thev are often associated
as regards both their organization and also the charac-
teristic fluid which fills the cavities bounded by them.
They are in effect rather dense membranous layers of con-
nective tissue, devoid of any well-defined endothelial in-
vestment: here and there cells and patches of cells may be
seen upon their surfaces, some of which are sufficiently
close together to assume the polygonal outline character-
istic of endothelium; others, however, are distinctly
branched, differing in no essential from ordinary connect-
ive tissue corpuscles: their affinity to endothelium will
perhaps be evident if we recall the definition of it previ-
ously given to the effect that it 1s a layer of connective
tissue corpuscles investing a free surface. Fringed wvascu-
lar folds occur uponsynovial membranes which frequently
bear smaller processes, the synovial villi, in which a cen-
tral strand of fibrous tissue is invested with a layer of
small rounded cells. Articular synovial membranes pass
so graduallyinto the fibro-cartilage which borders the true
articular cartilage of the joint that it is not possible to
define the boundary between the two: even the cellular
elements gradually losing their processes and presenting

the appearance of cartilage corpuscles.
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erto, does not designate any sy;&tem of organs associated
with the performance of one of the great functions or groups
of functions, or characterized by any common structure
or by similar anatomical or morphological relations: their
association under one heading is more than anything else
a matter of convenience; and the order of their consider-
ation largely arbitrary, though not altogether so. The
lymphatic bodies, from their close structural and func-
tional relation to the lymphatic vessels, might with equal
propriety be described in connection with the vascular sys-
tem: the spleen, differing in important respects from the
bodies just named, resembles them in its close relation to
the circulatory system: thethymus has much in common
with them in its structure: to allthesebodies (and to these

~ alone) the term adenoid bodies might with propriety be
applied, owing to the prevalence in them of the tissue of
that name.

The thymus, in addition to the adenoid tissue of which
it is largely composed, contains definite masses of epithe-
lial elements whose derivation will be discussed when
that body is described: the thyroid is largely .composed
of epithelial cells which line acini; to it more than to any
other of the bodies here considered may the title of duect-
less gland be with propriety applied, as is shown by its
embryonic development. Resembling the thymus and
the thyroid in the origin of some of their elements (and in
little else) are the parathyroids, situated on either side of
each lobe of the thyroid; and the carotid glands; they
are closelv resembled in structure, though not in origin,
by the coceygeal gland; the term gland is still univer-
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sally applied to the last two; they have been called, from
their associations, the arterial glands.

The suprarenal capsules, or the adrenals, as they are
sometimes termed, are double structures, consisting in
part of a mass of nervous tissue: they are resembled in
this respect by the pituitary body, which consists in part
of a mass somewhat analogous to the thyroid, and in
part of an atrophied lobe of the brain: the pineal body
1s altogether derived from the modification of a portion
of the brain, and might, in common with the pituitary
body, be described in connection with that organ. This brief
enumeration will sufhce to show how heterogenous are
the bodies here associated as regards both structure and
anatomical relations: the function of most of them is at
present entirely unknown. An account of the details of
their structure will now be given.

The simplest lymphaticbodies are those rounded masses
of adenoid tissue bounded by a more or less definite fib-
brous layer which have already been mentioned in con-
nection with the description of the alimentary canal. The
lymphatic follicles, as they are commonly called, of the
intestine, whether solitary or clustered (as in the Peyer’s
patches of the ileum), and the similar masses whose some-
what confluent aggregations form the tonsils, are exam-
ples of what may perhaps best be called lymphatic nod-
ules. They consist essentially of spheroidal lumps of ade-
noid tissue somewhat more dense in the outer than the
inner portion, but showing no division into lobes. They
are pervaded by capillary networks, and may be invested
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by a large lymph sinus or by a plexus of small lymphatic
vessels. It i1s not easy to demonstrate among the latter
distinctly efferent or afferent trunks: and from the usual
position of these bodies in mucous membranes, and from
what we now know of the important bacteriophagous
function of leucocytes upon mucous surfaces it may be
questioned whether those formed in the lymphatic nodules
do not find their chief destination there rather than in the
lymph stream.

The larger and more deeply seated lymphatic bodies
commonly termed lymphatic glands, together with the
altogether similar bodies found in the mesentery and called
lacteal glands, for both of which the much better name

of lymphatic nodes has of late years come into use, are
in reality integral parts of the lymphatic and therefore of
the circulatory system. Each is a rounded body showing
a distinct depression, the hilum, on one side, at which
point the blood vessels of the interior enter, and from
which one or more efferent lymphaties leave the organ.
The surface is invested with a stout fibrous capsule, con-
taining scattered bundles of smooth muscular fibres in the
larger nodes: it has a proper network of blood vessels,
and into it at various points pass afferent lympahtics
which traverse it quite obliquely, sometimes forming
small plexuses or sinuses within it before communica-
ting with the lymph channels within.

The interior is divided into a cortical and a medullary
portion: from the capsule stout trabeculae of fibrous tis-
sue (sometimes containing smooth muscular fibres) pass
inward: they are frequently broad and lamellar in form
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and divide the cortex imperfectly into subequal lobules
sometimes called the cortical follicles and compared to
the lvmphatic nodules (or so-called follicles) already de-
scribed, from which, however, they differ in important re-
spects: the-inner extremities of their trabeculae subdivide,
communicating by their branches with a coarse network
of fibrous tissue which forms the framework of the medul-
lary portion. ;

The spaces of the network just mentioned are occupied
by another network of rounded strands of adenoid tis-
sue, the medullary cords, which become continuous at
their extremities with the solid cortical lobules of the
same tissue situated between the trabeculae. It will be
remembered that adenoid tissue consists in effect of reti-
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form tissue whose interstices are filled with lymphoblasts:
the medullary cords and cortical lobules of adenoid tissue
are in each case smaller than the cavities in which they are
situated, the surrounding spaces containing a coarser ret-
iform tissue (devoid of lymphoblasts and presenting but
little resistance to the passage of fluids) which connects
the cords and lobules with the medullary and trabecular
framework. A network of passages throughout the whole
node, known as the lymph sinuses or lymph channels,
is thus formed, into which the afferent lymphatics open
after passing through the capsule, and from which the
efferent lymphatics lead.

The medullary portion of the lvmphatic node extends to
the surface at the hilum, the artery of supply entering it
directly: the capillary network of the interior is situated
almost entirely in the deeper portion of the adenoid
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strands and masses. The lymph channels of the medulla
converge at the hilumtoform a plexus, from which a single
efferent trunk mayv lead, or, in the larger nodes, several
smaller vessels which unite outside the node to form a
single trunk. Pacinian bodies are of frequent occurrence
in the interstitial connective tissue just without the cap-
sule at the hilum. :

The relation between thelymphatic nodes and thelymph
stream, as regards the formation of lymphoeytes and
their transformation in the blood stream into leucocytes,
has heen discussed in a previous chapter. The minute is-
lands of adenoid tissue occasionally found either on or
within the walls of lymphatic vessels, and known as peri-
lymphatic or endolymphatic nodules, may be regarded
as rudimentary organs of the same kind.

The spleen is as closely related to the blood vascular as
the lymphatic nodes to the lymphatic portion of the cir-
culatory system: it may possibly be regarded as derived
from the modification of one of the last named bodies,
though differing from them greatly not only in its vascu-
lar relations, but also in its internal structure. It is inter-
esting to note that in some of the lower mammals num-
erous small accessory spleen-like nodules are normally pre-
sent in other regions of the body. Similar bodies are
sometimes found in man in the vicinity of the principal
organ, of which they may be regarded as diverticula.

The spleen is invested by a serosa derived from the peri-
toneum which rests upon a stout capsule of fibrous tissue
which, like that of the lymphatic nodes, contains occa-
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in some cases following the subdivisions of the trabeculae.
In other cases small branches leave the trabeculae and be-
come divided into brush-like tufts of arterioles: on emerging,
their adventitia, heretofore continuous with the fibrous
tissue of the framework of the organ, becomes replaced
by a layer of adenoid tissue: here and there this sheath is
suddenly enlarged to form spheroidal masses which may
be as much as a millimetre in diameter, though unsually
less than half as large: they are known as the Malpighian
corpuscles of the spleen, and are readily visible to the
naked eye as whitish spots in the dark brown pulp. The
adenoid tissue ofthecorpuscles is permeated by capillaries
given off from the arterioles enclosed; it is quite loose in
the centre but denser at the surface, where it passes over
abruptly into the retiform tissue of the pulp. The cor-
puscles are found surrounding small arteries and appar-
ently strung upon them, or upon their subdivisions, in
which case they look like lateral outgrowths. '
~ On leaving the corpuscles the arteries divide into capil-
/ laries, which, like those arising from thesmaller divisions of
~ thearteries whichfollow the framework of the spleen more
II closely, finally open into the spaces of the tissue of the
/| pulp, the endothelial cells of the capillaries gradually be-
| coming looser, branching, and finally passing over into

| the reticular cells; thus hus affording the only instance in the
| body where the blood leaves the definite vessels proper to
\.} it and circulates in the interstices of the tissues; a condi-
tion largely characteristic of the circulation of all inver-
tebrates. The veinlets of the pulp originate in the same
way that the arterioles terminate, or rather its converse:
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preamf:e in the medulla of what are known as Hassall's
corpuscles, or, as that histologist termed them, conecen-
tric corpuscles. These are peculiar nest-like groups ofepi-
thelioid cells which are now known to be derived from the
breaking up of right and left tubular diverticula from the
cervical hypoblast. Each corpuscle consists of a central
granular mass containing one or more spheroidal cells,
cells: compound corpuscles sometimes occur, two or three
ordinary corpuscles being invested by a common layer of
concentric cells. The adenoid tissue of the organ contains
a rich capillary network, and is the place of origin of nu-
merous large lymphaties.

The thyroid resembles the thymus in being relatively
large in foetal life and infancy: it differs from that organ
in its persistence and evident functional importance in the
adult, as indicated by the grave consequences of its com-
plete extirpation. Like the tubular structures whicheven-
tually break up into the concentric corpuscles of the thymus,
its characteristic elements are derived from the cervical
hypoblast. It is at first provided with a duct, whose rudi-
ment becomes the foramen caecum of the dorsum of the
tongue: the duct in question in rare instances persists;
in the great majority of cases it aborts, converting the
organ into a true ductless gland.

Unlike most glandular bodies, the thyroid is not pro-
vided with a well-defined capsule. It is invested b}_: a layer
ot areolar tissue considerably denserthan that connecting
it with adjacent organs but not passing over into a dis-
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consisting of solid strands of epithelioid cells apparently
anastomosing, their interspaces being occupied by numer-
ous blood vessels. They have been regarded by some ob-
servers as masses of embryonic thyroid tissue: this view
is denied by others, who regard their structure as more
nearly approaching that of the carotid glands. There is
usunally associated with each a small mass of adenoid tis-
sue containing concentric corpuscles and in other respects

resembling the substance of the thymus.

The carotid glands, situated in the angle between the
branches of the common carotid artery, are small irregu-
larly shaped bodies whose envelope of connective tissue is
continued inward to form a supporting framework im-
bedded in which are nodular masses of epithelioid cells
richly supplied with capillaries. They resemble the para-
thyroids in their origin from the cervical hypoblast, and
both are probably to be regarded as rudiments of larger
and more important organs.

The coceygeal gland is another body of quite similar
structure to those just described, and probably also rudi-
mentary in its character. The epithelioid cells which con-
stitute its distinguishing feature are to some extent dis-
posed in columnar strands as in the parathyroids. Eberth
has described among them nests of cells resembling con-
centric corpuscles. Attempts have been made to show
that the elements of this body are largely nervous in char-
acter, but this wview of their nature lacks confirmation.
The mode of development is not known.
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The cells of the inner zone are darker in color, frequently -
containing brownish pigment: those of the outer in some
animals are occasionally columnar in form, being disposed
about an ill-defined lumen in the centre of the nodule.

The medulla contains within the fibrous stroma irreg-
ular cords and masses of cells larger and much more
loosely arranged than those of the cortex: they are de-
void of o1l globules and frequently exhibit branching pro-
cesses. A rich plexus of non-medullated nerve fibres is
present, and connected with great number of ganglion cells
either scattered or clustered in groups of varying size.
Numerous small ganglia are also found upon the nerves
just external to the hilum.

The arteries of supply enter the surface of the capsule by
numerous small branches: within, the vessels are distri-
buted to the cortex along its framework, the capillaries
not pervading the cellular masses as in the parathyvroids,
carotid glands, and coccygeal gland: thence they pass to
the medulla, which contains a large plexus of veins whose
branches unite into one at the hilum. The cortex 1s well
supplied with lymphaties which communicate both with
those of the capsule and with those of the medulla.

In the angles of the irregularly pyramidal adrenals of
the human subject the cortex is folded upon itself, the me-
dulla not extending into the fold; the two layers of the
zona reticularis are, however, separated by a continuation
of the connective tissue layer which surrounds the me-
dulla. The distinctness between thecortex and the medulla
is associated with an important difference in their embry-
onic development. The two arise independently of each
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either by a mass of polyhedral epithelioid cells which fll
the cavity, or by a layer of true epithelial cells which sur-
round a distinct though sometimes irregular lumen fre-
quently filled with colloid substance similar to that found
in the thyroid: in-some of the larger tubules ciha have
been observed upon the cells. Between the vesicles and
tubules is a framework of connective tissue which sup-
ports the numerous blood vessels and lymphatics and is
continuous with the fibrous capsule.

The posterior lobe is at first a hollow diverticulum of
the ’twixt-brain: in man and all mammals its eavity is
nearly or quite obliterated, and it becomes a small solid
mass. The nervous tissues characteristic of the inferior
lobe of the brain of the fish-like vertebrates fail to devel-
ope in the higher forms, their place being taken by an in-
orowth of vessels and of bundles of fibrous tissue: within
the meshes of the latter are found numerous peculiar fus-
iform or stellate cells which are frequently pigmented.
Where a vestige of the cavity remains it is lined with col-
umnar ciliated cells similar to those found lining the cavity
of the third ventricle. The relation of this portion of the
pituitary body to the brain 1s so close that the whole is
frequently deseribed in connection with that organ: but
the larger and apparently more important anterior por-
tion resembles the thyroid so much both in structure and
in origin as to justify its description among the anom-
olous ductless bodies.

The pineal body, otherwise known as the epiphysis
cerebri has already been spoken of in connection with the
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under correspondingly great obligaticns to histology,
which it has been quick to acknowledge: so ready, indeed,
that the student new to the subject 1s to some extent
liable to loose sight of the important fact that in not a
few instances no such happy result has followed upon
advances in our knowledge of minute structure. While,
for example, the difference in the form and relations of
the cells lining the alveoli of serous and of mucous glands
respectively can be correlated with the difference in the
character of the fluids secreted by them, no one could
have foretold, given the facts of structure, the associated
difference in function; there is still less evident relation be-
tween structure and function in the case of the cardiac
and pyloric glands of the stomach; and none at all that
can as yet be discerned between the form and arrangement
of the hepatic cells and the secretion of bile. What is true
in numerous other instances is eminently so in the case of
the ductless bodies: we haveinthemexamples of quitecom-
plex organs whose histological anatomy has in each case
been very carefully studied ; but whose function is in every
instance, save that of those which consist chiefly of
adenoid tissue, almost if not altogether unknown.






288 PART 1I. HISTOLOGICAL ANATOMY.

doubt the validity of the statements which he has read.
The present chapter will undertake no more than a brief
description of such structural features as can with cer-
tainty be made out by histological methods; in other
words, by a study of the form, relations, and groupings
of the structural elements present. The consideration of
the different regions of the brain will follow that of the
spinal cord : and both will be preceded by a short account
of the membranes which invest the nervous axis or line
the cavity in which it is contained.

The meninges, or lining and investing membranes con-
nected with the nervous axis, are three in number: of
these the outer, known as the dura mater, or meninx fi-
brosa, lines more or less closely the spinal canal and the
cavity of the skull; the inner, called the pia mater, or
meninx vasculosa, closely invests the surface of the cord
and the brain; while the third, the arachnoid, or meninx
serosa, situated between the first and the second, is
structurally connected with the latter, the two being de-
rived from the differentiation of a single investing layer.
On account of the intimate relation between these two
meninges they are by some anatomists described as one,
under the name of the leptomeninx, the outer membrane
being termed the pachymeninx: a view which is sup-
ported by the comparat ve anatomy of these structures
as well as by their embryology; it is also true, however,
that the two meninges so designated are themselves form-
ed from a single mass of indifferent tissue originally filling
the space between the nervous axis and its case.
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is made up of interlacing bundles of white fibres, mixed
with occasional elastic fibres; in the spinal pia the prevail-
ing direction of the bundles is longitudinal. The outer
laver of the pia is connected with the arachnoid by
numerous trabeculae of connective tissue, which pass
across the subarachnoid space; this is quite extensive
along the spmal cord, and in some places around the
brain; a nearly continuous series of definitely arranged
strands passes [rom the pia at the sides of the spinal cord
across to the inner surface of the dura, traversing the
arachnoid; the groups of internally converging bundles
are found between the spinal nerves, with which they
alternate; the whole forms the denticulate ligament of
either side. Upon the free surface of the pia and along the
surfaces of the trabeculae and the ligaments just de-
scribed are found flattened connective tissue corpuscles,
endothelioid in form and position. In the stroma of the
pia plasma and granule cells occur, and 1n some anmimals
great numbers of pigment cells.

The arachnoid is composed of loosely interwoven delicate
bundles of fibres, theintervening meshes containing numer-
ousflattened corpuscles: the outer surface is invested with
a layer of serous endothelium; it is near to but verv spar-
ingly connected with the dura. The inner surface corres-
ponds to the outer surface of the pia, with which it is
united by the loose mesh work of trabeculae above de-
scribed.

The relations of the meninges to each other and to the
adjacent structures are as yet but imperfectly understood,
neither their structure nor their embryonic development
being as yet fully known. Such facts as are known con-
cerning the latter, and such light as is afforded by com-
parative anatomy, appear to justify the view which
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regards the subdural space as the primary cleavage of the
mass of connective tissue which in the embryo and in the
lowest vertebrates lies between the nervous axis and the
walls of the cerebrospinal canal; the portion outside this
cleft becoming the dura or pachvmeninx, and that inter-
nal to it the leptomeninx or arachno-pial membrane; if
this view be correct, the supradural (or so-called “epi-
dural’ ) and the subarachnoid spaces must be regarded
as secondary. As a modification of this view it has been
suggested that the arachnoid is in reality reflected over
the inner surface of the dura, thus forming a continuous
serous membrane which surrounds a serous cavity for
which the name of the arachnoid space (as a substitute
for the more familiar name of subdural space) has been
proposed; and this interpretation has some facts in its
support.

The spinal cord, surrounded by its meninges and sup-
ported by them, hangs freely in the spinal canal; through-
out a great part of its extent it is nearly cylindrical; in
the cervical and lumbar enlargements its transverse
diameter is distinctly greater than the dorsoventral. Tt is
divided into symmetrical halves by the so-called anterior
and posterior fissures; the former of these, the ventral
fissure of comparative anatomy,is a distinet furrow from
a fourth to a third of the diameter of the cord in depth,
containing a fold of the pia which bears an important
relation to the blood supply of the cord: the latter, or
dorsal fissure, while deeper than the former, is not a true
cleft, the right and left masses being separated simply by
a stout median septum given off from the inner surface
of the pia. Other septa of a similar nature, but less exten-
sive, are given off from the pia at various points along
the sides of the cord, and contribute in some measure to
its subdivision,
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When viewed in cross section the cord appears to the
naked eve to be made up of twodifferently appearing sub-
stances known from their color as the white and the
gray matter. The latter is in each half of the cord almost
entirely surrounded by the former, but not uniformly so;
[rom its central portion on eitherside a narrow ridge pro-
jects dorsally (and slightly outward) almost to the sur-
face of the cord; from its appearance in cross section it
is known as the posterior or dorsal cornu; in a similar
manner the gray matter projects ventrallv and ontward
to form an anterior or ventral cornu which is much
thicker than the dorsal, but does not approach the sur-
face so nearly; in the thoracic portion of the cord a
slightly projecting ridge extending directly outward be-
tween the dorsal and ventral cornu constitutes the so-
called lateral cornu. The gray matter of the two sides of
the cord is continued inward in the mid-region through-
out the extent of the cord to form the gray commissure,
by which the two halves are connected, and in which runs
the central eanal; in consequence of the disposition of the
gray matter of the cord its figure as seen in cross section
is irregularly H-shaped.

The white matter also exhibits certain conspicuous
subdivisions, due in part to the disposition of the gray
matter, in part to the mode of origin of the spinal nerves.
The bundles of fibres which are gathered together at
regular intervals outside the cord to form the posterior or
dorsal roots of the spinal nerves enter the cord close to the
dorsal cornu along a well-defined line on either side, which
lies in a shallow groove. Between the dorsal cornu of
either side and the median septum, which extends inward
to the gray commissure, lies the posterior or dorsal col-
umn of the side in question; it is limited externally by the
line of entrance of the dorsal roots, between which and
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the dorsal midline a well-marked septal process of the pia
subdivides the column into two important tracts to be
presently described. Between the dorsal and the ventral
cornu of each side is situated the lateral column; and be-
tween the ventral cornu and the ventral fissure the an-
terior or ventral column. As has heen already stated,

the ventral cornu does not approach very closely to the
surface, and the fibre-bundles which enter into the anterior
or ventral roots of the spinal nerves are given off irregu-
larly over a region of counsiderable width; there is there-
fore no clearly defined boundary either externally or
internally between the lateral and the ventral columns;
the whole region from the dorsal cornu to the ventral fis-
sure is therelore sometimes spoken of as the antero-
lateral or lateroventral column. The ventral columns of
the two sides are connected with each other dorsad of the
ventral fissure by a narrow layer of white matter called
the white commissure.

The appearances thus far described can all be readily
seen, most of them with the naked eve; the histological
structure of which they are the expression, in some re-
spects exceedingly simple, is in others of such complexity
that it has hitherto taxed the resources of histological
technique to the utmost. It has long been known that the
gray mattercontains numerous multipolar nerve corpuscles
of varying size and of a distinct but not sharply defined
arrangement; their branching processes; non-medullated
nerve fibres; and numbers of the neuroglia cells mentioned
in a previous chapter; that the central canal is lined with
a layer of colummnar cells which are sometimes ciliated;
that the white matter is composed chiefly of medullated
nerve fibres, mingled with which are numerous neuroglia
cells like those of the grav matter: that the pial septa
already mentioned subdivide in the interior of the cord to-
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form a framework along which are distributed the inter-
nal vessels of the cord, the general disposition of which
can readilv be determined In brief, the cord is known to
consist of multipolar corpuscles and nerve fibres sup-
ported largely by neuroglia cells and provided with a
definite blood-supply. The complexity of the cord depends
not upon the number of kinds of tissue elements present,
no other active organ in the body of equal size and im-
portance containing so few; but upon the arrangement of
the corpuscles and fibres, and particularly upon the rela-
tions existing between them; and it is only recently that
the latter has been at all satisfactorily determined hy
means of technical processes of great efliciency and corres-
ponding delicacy. It will be profitable to consider first
the more conspicuous and therefore longer known feat-
ures of the histological anatomy of the cord, and subse-
quently the minuter details that have more recently been
discovered.

Beginning with the gray matter, the most conspicuous
and in every sense the most important elements are the
multipolar corpuscles scattered throughout it. While
they at first seem to be quite irregularly distributed, the
examination of a number of successive sections from the
same region of the cord, and their comparison with similar
series from other regions will demonstrate that the corpus-
cles are arranged in groups extending along the length of
thecord throughout the whole or definite portions of itsex-
tent with sufficient regularity to warrant their designa-
tion as distinct ganglionie columns. Of these the most
readily distinguishable on account alike of its extent and
the size of its constituent corpuscles is the column of the
ventral cornu, or, from the known distribution of the
axis-cylinder processes of most of its corpuscles to the ven-
tral roots of the spinal nerves, the motor-corpuscle col-
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umn; this may again be more or less distinctly divided in
some portions of the cord into a mesial tract, situated
adjacent to the ventral fissure (which probably supplies
motor fibres to the nerves of the dorsal muscles ol the
trunk); a ventrolateral tract, contiguous to the mesial
and extending to the outer side of the cornu, (which
probably supplies fibres to the nerves of the lateral and
ventral muscles of the trunk); these two tracts, which are
confluent in the thoracic portion of thecord, are quite con-
stant throughout its whole extent; and a third, the dor-
solateral tract, which is situated, as its name implies, in
the outer side of the cornu and dorsad of the second above
mentioned ; it is present chiefly in the cervical and lumbar
enlargements (and probably supplies fibres to the brachial
and sacral plexuses). Still another group, more centrally
located, can be distinguished in some sections; but it 1s
much less constant than those above described The cor-
puscles of the ventral cornu are the largest found in the
cord, their diameters ranging in most instances from
sixtyv-five to one hundred and thirty micra.

At the base of the ventral cornu and near the gray com-
missure is a group of much smaller corpuscles, rarely ex-
ceeding thirty micra in diameter, the mediocentral tract;
it is well developed in the thoracic portions of the cord,
but much less so in the cervical and the lumbar. At the
base of the so-called lateral cornu, also in the thoracic re-
gion, there is a group of corpuscles of similar size, the
mediolateral tract, or, as it is called, the column of the
lateral cornu.

The dorsal cornu exhibits at its juncture with the gray
commissure a well-marked column whichextends from the
level of the seventh cervical to that of the third lumbar
nerve ; throughout the thoracic region it is quite conspic-
uous, being roughly cylindrical in form and quite sharply
defined by the arrangement of the adjacent fibres; it was
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the first column ofcorpuscles to be clearly recognized, and is
known from its discoverer as Clarke's column, Stilling
proposed for it the name of the dorsal (thoracic) nucleus,
and for similarly placed ageregationssituated respectively
at the level of the third and fourth cervical nerves and the
second and third sacral the names of the cervical and the
sacral nucleus. The corpuscles of Clarke’s column are
next to those of the anterior cornu in size, being from
thirty to ninety micra in diameter. Small corpuscles,
from twenty to thirty micra in diameter, are scattered
through the rest of the cornu with little definite arrange-
ment; those close to the mesial margin are in some cases
quite distinctly elongated parallel thereto and are known
as marginal corpuscles; near the middle of the cornu the
orav matter 1s broken up along the mesial side and
to some extent along the lateral side also by bundles
of fibres; the reticular formations thus produced
have associated with them irregularly defined groups of
corpuscles. The posterior cornu is capped dorsally by a
translucent mass, rich in gha cells, known as the gelati-
nous substance of Rolando; it contains numerous small
rounded elements, about fifteen micra in diameter, gener-
ally regarded as nerve corpuscles, as well as other larger
elements, unquestionably nervous, some of which are mar-
ginal in form and position. Mention may also here be
made of the fact that various observers have described
outlying corpuscles scattered among the fibres of the
white columns, both dorsal and lateroventral.

While the corpuscles are the most conspicuous elements
of the gray matter, they form but a small portion thereof.
By far the larger portion consists of a densely felted mass
of fibres of various kinds; including small medullated
fibres, nonmedullated fibres, axis-cylinder processes and
their branches, and the dendritic subdivisions of the
protoplasmic processes of the corpuscles. These were
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formerly supposed to be continuous and to form the so-
called reticulum of the gray matter; but the evidence of
recent investigations by methods giving results of great
delicacy leads to the belief that no such continuity exists;
what is now generally believed to be the true relation of
the corpuscles and the fibres of the grav matter will be in-
dicated later. To the interlacing fibres and fibrillae
already mentioned are added the numerous delicate fila-
ments proceeding from the glia cells which with the con-
nective tissue elements present make up what 1s some-
times called the spongy substance of the gray matter.
About the central canal there lies a translucent layer simi-
lar to that which caps the dorsal cornua, the central
gelatinous substance.

The white matter of the cord consists, as has already
been said, chiefly of medullated nerve fibres; these vary
oreatly in size, the smallest being but one or two micra
in diameter, while the largest may have a diameter of over
twenty-five micra. The great majority of these fibres are
longitudinally disposed, the most conspicuous exception
to this being found in the white commissure, through
which fibres pass at greatly varying degrees of obliquity.
Between the medullated fibres are numerous neuroglia
cells so disposed as to form an interstitial framework be-
tween the subdivisions of the pial septa. Along the sur-
face of the septa the neuroglia cells are gathered in great
numbers, forming a definite investment which is con-
tinuous outwardly with a well defined layer of consider-
able thickness which lines the inner surface of the pia.

While it is possible to recognize readily that certain
regions of the cord, presently to be indicated, contain
chiefly either larger or smaller medullated fibres, through
most portions the fibres vary so much and so irregularly
in size that no such division into tracts can be made as in
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the gray matter, based on the size and arrangement of the
fibres; the only conspicuous visible feature on which a sub-
division can be based is the presence of the important
secondary septum already mentioned as situated between
the median septum and the dorsal cornu of either side;
this passes obliquely toward the ventral edge of the
median septum, thus dividing the dorsal column into two
well defined portions, long known respectively as the
column of Goll (next to the median septum) and the eol-
umn of Burdach (next to the dorsal cornu). The
remainder of the cord has been more or less accurately
subdivided into tracts by other methods; while these
tracts cannot be distinguished by any means now in our
possession in sections of the normal adult cord, some
knowledge of them is necessary in order to understand
the meaning of some of the finer details of structure devel-
oped by recent histological researches in both the white
and gray matter: a brief account of them and of the
methods by which they have been determined will there-
fore be given.

Weowe chiefly to Flechsig the discoverythat the medul-
lated nerve fibres of the different tracts of the cord attain
their full development at different periods of embryonie
and even of infantile life; the difference in question being
apparently correlated with similar differences in the calling
into activity of different powers and faculties of the ner-
vous system: the study of the spinal cords of embryos at
various stages of advancement thus revealing significant
differences in structure not discernible in the cord of the
adult. To Waller we are indebted for pointing out that
an axis-cylinder when severed from the corpuscle of which
it is a process rapidly undergoes degeneration: it follows
from this that in cases of lesion of the cord, either patho-
logical or experimental, not only single fibres but also
tracts composed of fibres of a similar character will un-
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dergo degeneration in a manner definitely related to the
place of lesion. Without entering into the physiological
significance of the changes involved, it may be said that
degeneration on the side of the lesion toward the brain is
called ascending; and that on the opposite side of the
lesion descending; and that the same terms are applied
to the tracts in which the changes in question occur. The
method of Flechsig and that based on the Wallerian law
of degeneration give us results which coincide to such an
extent as to determine quite clearly the limit of some of
the tracts about to be mentioned ; the evidence in favor of
the existence of others, while generally regarded as satis-
tactory, is by no means as conclusive.

None of the tracts which are thus shown to exist in the
white matter of the spinal cord are more clearly definable
than those which pass from the pyramids of the medulla
oblongata into the ventral and lateral columns of the
cord. The fibres of the pyramids decussating while still in
the medulla, the great majority of them enter a large com-
pact bundle whose cross section is an irregularly triangular
area lying (in the human spinal cord) between the dorsal
cornu, from which it is separated by a thin layer of fibres,
and the lateral surface of the cord, from which it is also
separated by a layer of fibres save in the lumbar region,
where it extends to the surface; it is known as the lateral
(or the crossed) pyramidal tract. In manthe fibres of the
pyramid do not, as a rule, all decussate in the medulla, a
small tract passing down as a thin laver on the portion
of the surface of the ventral column which lies within the
ventral fissure on the sameside as the pyramid from which
it proceeds; this tract is therefore called the anterior (or
the direct) pyramidal tract ; it does not extend beyond
the middle of the thoracic region of the cord. It is proba-
ble that decussation goes on between the right and left
tracts throughout their whole course, the fibres passing
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through the white commissure, instead of occurring all at
once in the medulla: in some mammals the pyramidal
decussation 18 complete, and there 1s 1n consequence no
direct pvramidal tract: this 1s sometimes the case in the
human subject The existence of both pvramidal tracts
was demonstrated by Tuerck, though his name 1s usually
associated with the smaller and less constant of the two,
which 1s conmouly designated the column of Tuerck.

Far less clearly defined and less constant in position is
another descending tract, the ventrolateral, or anterior
marginal bundle of Loewenthal: it consists of a thin
layer of fibres situated upon or near the surface of the
ventral and a good portion of the lateral columns: its
fibres proceed fro mn the cerebellar cortex ot the same side.

In close contact with the ventrolateral descending
cerebellar tract, the fibres of the two mingling to a greater
or less extent, lies the ventrolateral ascending cerebellar
tract, or anterolateral ascending tract of Gowers: like
its companion, it is throughout the larger part ol its
course a thin layer of fibres, which 1s situated between the
tract just mentioned and the surface of the cord: it is
thickest 1n its most dorsal portion, and 1s limited in that
direction by the crossed pyramidal tract.

Dorsad of the tract of Gowers and external to the
crossed pvramidal tract is the dorsolateral ascending
cerebellar tract, or thedirect cerebellar tract of Flechsig.
It begins in the lower part of the thoracic portion of the
cord (below which level the crossed pyramidal tract comes
to the surface of the cord) and extends from there up-
wards, passing through the restiform body in the medulla
oblongata to reach the middle lobe of thecerebellum. Like
the pyramidal tracts and unlike those just described, the
tract of Flechsig is very clearly defined. Between its dor-
sal border and the line of entrance of the dorsal roots of
the spinal nerves, limited externally bv the surface of the
cord, is a narrow tract, the marginal zone of Lissauer.
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Attempts have been made to farthersubdivide the white
matter of the ventral and lateral columns; but the results
on which these attempts are based are thus farsoconflicting
as to render theconclusions drawn therefrom quite doubt-
ful: for the present it is best to include the whole of the
territory enclosing the ventral cornu and perforated by
the fibre-bundles of the ventral roots of the spial nerves
(excepting, of course, the tracts already designated) under
the title of the ventro-lateral root zone,

The columns of Goll and ol Burdach, situated in the
dorsal region of the white matter, have already been de-
scribed as limited structurally: they may be otherwise
distinguished, according to their function, as the dorso-
median and the dorso-lateral ascending tracts. Im-
bedded within the latter may be detected a small bundle
of hbres with descending degeneration, known [rom its
outline when seen in cross section as the comma.,

We haveseen thatsome of the tracts above deseribed, both
ascending and descending. are in direct relation with the
brain: others are doubtless composed entirely or in large
measure of fibres that begin and end in the cord itself:
others, and particularly those of the dorsal tracts, are in
direct relation with the spinal nerves; and these latter
organs are in such close connection with the cord as to
merit mention in this connection,

Each spinal nerve possesses, as is well known, a dorsal
and a ventral root. The latter consists of efferent fibres
chiefly if not solely motor in function, which arise from the
axis-cylinder processes of the corpuscles of the ventral cornu,
as has been stated, and pass almostdirectly out of thecord:
they therefore make no important contributions to its col-
umns. The dorsal root, in addition to its ganglion, which
will be farther discussed in a subsequent paragraph, con-
tains a few fibres probably motor in function: it consists
chiefly of efferent or socalled sensory fibres which are some-
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what definitely divided into two groups, a mesial and a lat-
eral, in each bundle; they penetrate the surface of the cord
more or less obliquely and then bifurcate, giving rise to as-
cending and descending branches, the disposition of whose
terminal and collateral arborizations will be deseribed later.
Recent researches by Cajal indicate that the fibres of the
lateral group, which are slender, have their bifurcation in
the marginal zone of Lissauer and the adjacent part of
the lateral column: their collaterals are few and delicate -
and end in thedorsal cornu: the fibres of the mesial group,
which are stouter, reach the columns of Goll and Burdach,
and there bifurcate: their collaterals form by far the larger
portion of those subsequently to be described as derived
from the dorsal column, and m particular those which
form the channels whereby those impulses are transmitted
‘which are involved in simple reflex movements.

The white matter of the cord, therefore, consists of med-
ullated nerve fibres which may be divided according to
their origin and destination into three groups, the mem-
bers of which are not structurally distinguishable: those
which pass from the cord to end in the brain; those, com-
missural in character, which pass from one portion of the
cord to end in another; and those which pass to the cord
from the brain or from the spinal nerves. From the de-
scription of the nervous elements given in a preceding
chapter it will be evident that each of these fibres consists
essentially of the axis-cylinder process of a corpuscle, and
ends in an arborization, giving off along its course one or
more collaterals. It is probable, but not certain, that
these collaterals have their terminal arborizations in re-
gions of the gray matter of the cord homologous with
that in which the terminal arborization of the fibre itself
is situated.

Leaving out of consideration for the present the fibres
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which pass from the cord to the brain, it may be said that
the terminal arborizations of fibres, whether collateral or
principal, which enter the gray matter of the cord are in
vlose contiguitv or actual contact with the bodies or the
dendritic processes of the corpuscles of the grav matter:
the latter play the part of conductors (and not a nutritive
role merely), and connection is thusestablished as efficiently
as by the continuity of substance once supposed to exist,
An impulse thus transmitted calls forth the activity of the
corpuscle in question, resulting in a discharge along its
axis-cylinder process which undergoes a similar distribu-
tion.

Regarding the final arborization of a fibre as essentially
similar to thoseofl thecollaterals, and therefore to beclassi-
fied with them, we shall make the first step toward a con-
ception of the physiological anatomy of the cord by an
enquiry into the distribution of these structures as they
leave the various regions of the white matter. The follow-
ing account thereof, as well as that of thecorpuscles of the
gray matter to be subsequently given, 1s taken almost
wholly from Cajal.

Collaterals of the ventral (anterior)column, These are
larger than those from any other portion of the cord:
springing from the large axiscylinders which compose this
column they pass dorsad in irregular groups to be distrib-
uted within the ventral cornu and particularly about the
motor corpuscles. Some bundles pass to the mid-plane of
the cord and are distributed in the ventral cornu of the
opposite side, constituting the ventral (or anterior) com-
missure of collaterals, situated largely dorsad of the ven-
tral commissure formed of axis cylinders.

Collaterals of the lateral column. These pass inward
to be distributed chiefly in the central region of the gray
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matter of the same side: some, however, pass to the mid-
plane, dorsad of the central canal, where they form a por-
tion of the dorsal (posterior) or gray commissure: they
are divided in it into two bundles, a ventral and a ne-
dian, and aredistributed in the central and to someextent
the dorsal region of the opposite side

Collaterals of the dorsal ( posterior) eolumn, The tracts
of Goll and of Burdach, and the marginal zone of Lissauer,
from which these collaterals are chiefly derived, are formed
in great part of the continuations of the fibres of the pos-
terior roots of the spinal nerves. Four groups of collat-
erals may be distinguished.

Sensitivo-motor (or reflexo-motor) collaterals: these
arise not only from the continuations of the fibres of the
posterior root but also from the fibres themselves before
their bifurcation; passing across the grav matter, they
terminate in the ventral cornu of the same side.

Dorsal cornu collaterals: these, like the preceding, are
very numerous: they traverse the substance of Rolando
in groups toformimmediately ventrad thereofand through-
out the substance of the dorsal cornu a dense network
composed of the intercrossing of their terminal arboriza-
tions.

Clarke's column collaterals: small bundles pass ven-
trally from the tract of Goll to terminate in the column of
Clarke of the same side, there forming a thick network
about the corpuscles of the column.

Commissural Collaterals: arising chiefly in the tract of
Goll numerous small bundles pass to the most dorsal por-
tion of the gray commissure, which they traverse, to be
distributed in the dorsal cornu of the opposite side: thus
forming the dorsal bundle of the commissure.

Thus, it will be seen, each white column gives off two
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kinds of collaterals: those which furnish their terminal
arborizations to the grav matter of the same side, and
those. commissural in character, which are destined to
ramify in the gray matter of the opposite side. In either
case their relations are eventually directly with the cor-
puscles of the grav matter, whose disposition may now
be further considered. Excepting in the substance of Ro-
lando, where some elements of special form are found, the
corpuscles of the dorsal, central, and ventral regions differ
but little, save in size. The only important distinction to
be noted in them pertains to the final disposition of their
axis-cvlinder processes: on this basis five groups or kinds
of corpuscles may be distinguished : of these the first four
send, as will be seen, their axis-cvlinder processes out of
the gray matter into the white, there to become medul-
lated: they may be therefore distinguished as corpuscles
with long axis-cylinder processes (corpuscles of the first
class); while the axis-cylinder processes of the fifth end in
the gray matter not far from their point of origin: they
are therefore corpuscles with short axis-cylinder processes
(corpuscles of the second class, corpuscles of Golgi). The
five kinds of corpuscles are as follows:

Radical corpuscles, or corpuscles directly related to the
roots of the spinal nerves. These are the motor corpuscles
of the ventral cornua, and comprise the largest corpuscles
of the cord: their axis-cylinder processes are thick and
devoid of collaterals and pass in most cases directly
through the lateroventral column to enter the ventral
roots of the spinal nerves. From a few of the corpuscles
the axis-cylinder processes traverse the gray matter to
leave the cord by the dorsal root: they pass through the
spinal ganglia, however, without entering into relation
with their corpuscles, and must be regarded as in all prob-
ability motor in function.
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The dendrites of these corpuscles are stout, long, and
very much branched. Theyv may be distihguished as ven-
tro-external, dorsal, and internal (mesial); the latter
branch dichotomously in the vicinity ‘of the ventral (ante-
rior) commissure ; some of the branches pass the mid-plane
and enter the ventral cornu of the opposité side, intercross-
ing with corresponding processes therelfrom and forming
the protoplasmic commissure of Cajal. * The ventro-ex-
ternal processes terminate in the lateroventral’column,
and the posterior in different regions of'the ventral cornu.

e : : et i b o
‘Commissural Corpuscles: these are smaller than those
just described, and provided with fewér and shorter den-
drites. Golgi demonstrated 'their presence in all of the
regions of the gray matter, and that the axis-cylinder pro-
cesses pass to the mid-plane which theycross ventrally (in
the white commissure) to-be continued to the ventrolat-
eral column of the opposite side. Cajal has shown that
they there undergo not a single continuation, but a T-
division: this indicates that the commissural axis-cylinder
process, on reaching the white matter of the opposite side,
divides into an ascending and -a deseending fibre of the
column.

2ol L BEG i
'

Columnar corpuscles: we may thus designate the num-
erous medium-sized corpuscles scattered throughout the
whole of the gray matter, of which the axis-cylinder pro-
cesses entet into vertical ‘fibres of their own side.' The
greater number of the corpuscles of this kind which occur
in the ventral cornu send their processes to the lateroven-
tral column: those which are situated in the dorsal cornu
direct them toward the most dorsal portion of the lateral
column in many cases, though some of the corpuscles found
in the substance of Rolando and the internal portion of
the dorsal cornu send their processes to the dorsal column.
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puscles; whilst commissural corpuscles are not known
with certainty to occur. Those characteristic of the re-
gion are of three principal forms disposed in as many con-
centric zones, passing from without inward. as follows.

The marginal corpuscles are large fusiform or flat-
tened elements situated between the substance of Rolando
and the dorsal column of white matter, thus forming a
discontinuous layer. The dendritic processes line the sur-
face of the dorsal column and there ramify : the axis-cylin-
der process, arising sometimes from the border of the cor-
puscles, sometimes from one of its processes, is directed ven-
trally across the substance of Rolando; it then changes its
direction to reach the posterior portion of the lateral col-
umn, with one of the fibres of which it becomes continuous.

The pyriform or fusiform corpuscles are the smallest
elements of the cord: their shape is quite variable, but
forms indicated by the terms above are prevalent. It is
characteristic of them that they are elongated dorsoven-
trally and have great numbers of crooked and intermin-
oled dendrites, the greater portion of which arise from a
ventrally directed stalk which is prolonged almost to the
head of the dorsal cornu. The axis-cvlinder process gen-
erally arises from the posterior portion of the corpuscle
and passes either dorsally or laterally to become continu-
ous with one of the fibres of the dorsal column.

The stellate corpuscles are sitnated nearest to the head
of the dorsal cornu: they unite the substance of Rolando
with that region by means of their abundant spinous den-
drites. The axis-cvlinder process is sometimes directed
lengthwise of the cord; it then comports itself as a por-
tion of a short process corpuscle, and appears to end in
the substance of Rolando itself: at other times it is directed
either mesially, to become continuous with a fibre of the
column of Burdach, or laterally, to form a slender fibre of
the marginal zone of Lissauer.
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Bv a comparison of this description of the corpuscles as
based upon the destination of their axis-cvlinder processes
with that previously given of their distribution in col-
umnar tracts along the cord, it will be seen that these lat-
ter are in nearly every instance composed of corpuscles of
varving relations, not even the columas of the ventral
cornu consisting solely of so called motor corpuscles:
Each of these elongated clusters may therefore be regarded
as consisting of corpuscles socoordinated in function as to
justify the title of nuclear or ganglionic columns fre-
quently applied to them.

The corpuscles of the spinal ganglia, while they are
situated without the cord, should always be associated
with that structure in any attempt to form a complete
conception of the central nervous mechanism, since their
efferent axis-cylinder processes enter extensively into rela-
tion with the dorsal columns and cornua. Theirspheroidal
or pyriform contour has beendescribed in a previouschap-
ter, as has also the manner in which two medullated fibres
are derived from the single pole or process borne by the
body of the corpuscle. They are unique in the fact that
one of these fibres puts them in communication with den-
dritic or receptive terminals which are far more remote in
most instances than those of any other nervous element.

The central eanal of the cord is lined with a columnar
epithelial layer of ependyma cells which are frequently
but not always ciliated. These are in the embryo con-
tinued by slender prolongations which reach to the pia,
forming the primary framework of the cord: such contin-
nations persist in the lower vertebrates, but their presence
in adult birds and mammals is not vet well established.
In connection with the ependyma cells, and possibly de-
rived therefrom, there are found in the adult cord of the
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higher vertebrates numerous neuroglia cells which are
particularly abundant in the white matter, immediately:
beneath the pia-and along the septa and blood vessels, in
the substance of Rolande, and in the central gelatinous,
substance. o : i T i [ i

The blood supply of the cord merits special mention. A
single median ventral spinal artery (the anterior spinal
of human anatomy) runs along the ventral margin of
the fold,of the pia which enters the ventral fissure: while
a pair of dorsal spinal arteries . (or posterior spinals).
are situated just ventrad of the dorsal roots of the
spinal nerves: branches o! these arteries ramify.an the pia
to form an extensive plexus. From the, ventral trunk.
small, vessels, the central arterioles of Ross, in. number,
several times as many as the vertebrae follow. the fold of,
“the pia into the median fissure as faras the white commis-,
sure.. Here they turn alternately right and left to reach,
the central region of the gray matter of either side, where.
they break up into small arterioles and finally into capil:
laries: the central arterioles are distributed, chiefly to the.
gray matter, though some of their divisions penetrate the|
white matter, particularly of the lateral and ventral col-
ummns. . by s : i :

The dorsal vessels and the pial plexus give off great num-
bers of peripheral arterioles which follow the dorsal me-
dian septum or the other less prominent, septa -into the
cord: their terminal divisions, are found not only in the
white matter but also in the, outer portion of the gray
matter and throughout the dorsal cornua. Each arteriole,
whether central or peripheral, has its own proper capil-,
lary area, anastomoses between adjacent arterioles not
being known to occur.

Similarly disposed central and peripheral venules
carry the blood from the capillary networks to the irregu-.
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iﬂ;'-]}]ExLISES of veins in the pia and to the principal venous
‘trunks: these are two in number, a ventral which follows
the ventral artery more or less closely, and a dorsal,
awhich' overlies the median dorsal "i{.‘]}t'ﬂll] and 1s not the
companion -:}'f any .—jt"tﬁl“u ' &8

| iip g il "L

*""The brain is the modified and specialized anterior end of
the nervous axis. As we pass from the spinal cord into
the medulla oblongata, and thence; through the region of
the pous, into the crura cerebri, we find that the fibrous
tracts which can be réecognized in the white matter of the
cord here become subdivided and variously modified, some
of them soon disappearing as such, while others may be
traced dlmost to the most antérior portions of the brain;
while mew fibrous tracts variously 'rélated, may be de-
tected by the method of Waller and particularly by that
of Flechsig. ‘The ¢entral canal expands here and there to
form the ventricular cavities of the brain; while its epen-
dymal lining frequently coming in contact with the pial
investment through the absence of intervening nervous
tissues, is often thrown into vascular folds of greater or
less extent. The-gray' matter, which ih' the cord sur-
rounds the'central canal, now lies chiefly in its floor and
sides, and is penetrated and subdivided by the diversified
fibre tracts already referred to. The ganglionic columns,
which in the cord were continuous throughout the whole
or large portions of its structure, are now broken up into
more or less definite nuclear aggregates uf corpuscles, ser-
ving as centres for specifi¢ cranial nerves: some of these
nuclei may perhaps be homologized with portions of some
of the ganglionic columns; while fo‘r others no sm:h rela*
tion is discerniblé. e

In addition to this central prolongation and modifica-
tion of the cord, other structures appear connected there
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with which, while they must unquestionably be regarded
as developments of the axial region, are of such size and
structural importance as to be properly regarded as sub-
stantially additions thereto. These, like the cord, and the
basal portions of the brain as well, are composed of more
or less definite fibre tracts and corpuscular areas, related
to each other and to the more axial structures.

Within recent years great progress has been made in the
process of unraveling this complex structure, and it 1s
safe to say that the general topography of the brain is
known. To attempt to sketch it, however, would take
far more space than the range of the present work con-
templates, and would take us largely into a field where,
while the method has been and must be chiefly that of the
histologist, the results belong rather to the domain of the
anatomist. Medullated fibres, axis-cylinder processes with
their collaterals, and multipolar corpuscles are much the
same in appearance and in relations throughout a large
portion of the brain as in the spinal cord: and we are con-
cerned from a histological standpoint only with those
regions of the brain in which new forms of nervous ele-
ments appear or in which some special mode of combina-
tion is demonstrable. The chief of these are the cerebel-
lum, the cerebral hemispheres, and the olfactory bulbs;
an account of the cerebellum and of the hemispheres will
now be given: that of the olfactory bulb will be deferred

until the sense organ with which it is connected has been
described.

The cerebellar cortex is a superficial layer of gray mat-
ter whose well marked folds form the laminae visible on
the surface of the organ to the naked eye: the middle of
each fold i1s occupied by a mass of white fibres in direct
relation to the gray matter. The latter shows to the
naked eye two distinct strata; an outer and paler known
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as the molecular layer, and an inner, of a rusty brown
color, called the granular layer. Between these, and par-
tially imbedded in each, is a nearly continuous stratum of
large corpuscles, the most characteristic of the cerebellar
cortex, the corpuscles of Purkinje. They are pyriform or
ﬂ;-‘:sk-shapea* the large extremity being directed inward:
from the latter an axis-cylinder process is given off which
passes through the granular layer to enter the white mat-
ter as a medullated nerve fibre; during its course through
the granular layer it gives off collaterals which in many
cases turn backward to enter the molecular layer.

The outer extremity of the corpuscle is prolonged for a
greater or less distance, but usually soon divides into two
principal branches, which rapidly and repeatedly subdi-
vide to give rise to large numbers of dendritic processes,
many of which are continued to the surface of the cortex:
their surface is beset with short processes which end
bluntly. The ramification is in every case almost entirely
confined to a plane transverse to the lamella in which the
corpuscle 1s situated.

The great majority of the corpuscles of the granular
layer are exceedingly small, with large nuclei and very
scanty surrounding protoplasm: their great numbers,
and their appearance when stained with carmine or other
similar stains led to the name above given for the region
in which they occur. For a long time their nervous char-
acter was doubted or denied. The more recent technical
methods have demonstrated it beyond question, and they
are now known as granule corpuscles. Their bodies con-
tain a relatively large quantity of rusty brown pigment,
to which the characteristic color of the layer is due. A
few protoplasmic processes are given off by each corpus-
cle: these branch sparingly to end in a small number of
dendrites with thickened extremities. From the body of
the corpuscle, or frequently from one of the processes, a
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slender axis-cylinder process is given off, which passes
without collaterals into the molecular laver and there
undergoes a T-division to form two slender tangential
fibres whose course is always in the direction of the
lamella in which they occur and therefore at right angles
to the plane of the dendrites of the corpuscles of Purkinje,
with which they are in close contact as they pass. The
tangential fibres have been shown in some of the smaller
vertebrates to run the whole length of the lamellae n
which they are situated.

In addition to the small granule corpuscles there are
present in the inner laver, though in small numbers, other
nervous elements. They are situated near the outer limit
of the layer and are nearly as large as the corpuscles of
Purkinje, which they somewhat resemble in form. Their
outer region sends off numerous protoplasmic processes,
~which branch irregularly in every direction to form large
numbers of dendrites: these project chiefly into the mole-
cular layer, though many of them lie altogether within
the granularlayer. From the inner region there is given off
a slender axis-cylinder process, which branches freely
almost from its origin, the whole giving rise to an exten-
sive arborization-plexus which is situated entirely within
_the granular laver. These corpuscles therefore g to

Golgt's second type.

The finely dotted appearance to which the mn]ecular
layer owes its name, seen when the lamella is cut trans-
versely, is largely due to the cut ends of the tangential
fibres. There are present in this layer two kinds of cor-
puscles. In the deeper portion are seen numerous corpus-
cles of medium size and irregular form, whose dendritic
processes branch sparingly but extend for some distance
into the surrounding region : the axis-cylinder process
takes a course generally parallel to the surface of the cor-
tex and gives off frequent collaterals; these pass inward
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The cerebral cortex has been regarded as composed of
several distinct layers which differ from each other as re-
gards the form and size of the contained corpuscles. As
our knowledge has increased, the boundaries between
these lavers have been found to be less sharply defined
than was at first supposed. Three can with certainty be
distinguished : the outer, or so called molecular laver, the
middle, or pyramidal layer, and the inner, or polymor-
phous layer.

The molecular layer, like that of the cerebellar cortex,
owes its characteristic appearance largely to the cut ends
of the collaterals and slender fibres which are densely in-
terwoven in it and to their terminals. Its outermost por-
tioncontains numerous reuroglia cells, which just beneath
the pia form an almost continuous stratum, as in the
spinal cord: this has been described as a distinct layer of
the cortex. Scattered throughout the molecularlayver are
numerous nervous elements, the corpuscles of Cajal, that
histologist having first demonstrated their distinguishing
characteristics. Two forms have been described by him,
the fusiform and the stellate. The former are, as their
name implies, spindle shaped, and give off from either end
a polar process which runs parallel to the surface of the
cortex: the two processes cannot be distinguished struc-
turally, and each may take on the character of an axis-
cylinder process: from each collaterals are given off at
right angles or nearly so, which are invariably directed
toward the surface of the cortex. In the second form the
number of similar processes is increased to three or more.
In each case the processes terminate eventually in ramifi-
cations which are turned toward the cortical surface.

Cajal has also described in the molecular layer a third
form of corpuscle under the name of polygonal; these
have several protoplasmic processes which end indendrites
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laver, while others bend upward at a right angle to termi-
nate in the molecular layer. .

Within the lower portion of the pyramidal layerare also
found, scattered here and there, certain elements confined
to the cerébral cortex, the corpuscles of Martinotti: they
are also found in the third or polymorphous laver. They
are spindle shaped, roughly pyramidal, or irregular in
form, their distinguishing characteristic being the distribu-
tion of the dendritic processes chiefly outward and down-
ward, and an axis-cvlinder process which generally arises
from the uppermost portionof the corpuscle, though some-
times from one of the ascending protoplasmic processes,
and ascends toward the molecular layver in which its rami-
fications are usually situated: in some instances the ter-
minals lie wholly or in part in the uppermost portion of
the pyramdal layer.

The polymorphous layer is so called from the occur-
rence therein of elements which vary greatly in form as well
as in size: they may bhe ovoid, spindle shaped, pyramidal,
or polygonal. They agree, however, in the fact that their
long axes are as a rule disposed horizontally to the sur-
face of the cortex, and that when a terminal or apical
stalk is present it is never vertically directed as in the
pyramidal layer. Some of the elements present are, as
has just been indicated, ascending corpuscles of Mar-
tinotti: others belong to the second tvpe of Golgi, having
short axis-cylinder processes which break upinto terminal
ramifications in the immediate vicinity of the corpuscle.
Still others give off long axis-cylinder processes which
bend downward to enter the white matter and become
medullated fibres of varying distribution.

The deeper portion of the polymorphous layer contains
chiefly small fusiform corpuscles, which has led to its dis-
tinction on the part of some histologists as a separate
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CHAPTER XXIIIL

&‘HE ORGANS OF SPECIAL SENSE.

As was stated in a previous chapter, there are certain
organs in which specially modified receiving terminals are
associated with more or less highly modihed forms of ep1-
thelium and with other special structures of a skeletal
character to form in each case an apparatus for the recep-
tion of a specific and clearly defined impression; their
stimulation giving rise to sensations of flavor, odor,
sound, or light, commonly called special, as distinguished
from the morediffused and less clearly definable sensations
of temperature, contact, resistance, etc., received by the
more widelv scattered and possibly less specialized termi-
nals described in the chapter referred to.

In eachcase the special receiving apparatus involved has
associated therewith other special structures, chieflv skele-
tal, whose function it 1s to render more intense or more
specific the impression received: these associated struc-
tures being, equally with the nervous apparatus in ques-
tion, essential factors of the organ of special sense. As in
the case of the brain, a full description of these structures
belongs rather to the province of anatomy than to that of
histology, and would require far more space than can with
propriety be given here: an account of the histological
composition of the essential apparatus will in each case
be given, together with mention of anv characteristic
features noteworthy in the tissues of the accessory parts,
some previous knowledge of the anatomy of the organs
in question being presumed.
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The immediate organs of taste are the taste-buds, so
called from their spheroidal form, which are situated in
large numbers upon both the outer and the inner sides of
the valleys which surround the circumvallate papillae; on
the fungiform papillae; and particularly upon the loose
folds just in front of the anterior pillars of the fauces which
in man represent the more definitely circumscribed foliate
papillae of some of the lower mammals: theyv are also
found on the soft palate and the epiglottis, and are scat-
tered here and there over the surface of the tongue. They
are spheroidal bodies, almost completely embedded in the
stratified squamous epithelium of the surface where they
occur: the long axis i1s directed vertically or nearly so to
the surface, and the outer extremity tapers slightly, on
which account their form 1s sometimes described as flask
shaped. The mass consists of a number of elongated epi-
thelial cells, of which some are spindle shaped, or flattened,
and are known as sustentacular cells: a layer of these
completely covers the outer surface, their grouping recall-
ing somewhat the surface segmentation of a cantelope:
others are scattered irregularly throughout the interior.
Between them lie other cells whose bodies, except just
around the large nucleus, are slender and almost filamen-
tous; these are the so called gustatory cells, The outer
extremity of each ends in a ciliary process, the taste-hair,
which projects with its fellows through a small circular
opening in the squamous epithelium known as the gus-
tatory pore: its inner extremitv is slender, often bifur-
cated, and frequently more extensively branched ; its sub-
divisions, which are sometimes varicose, reach to the base
of the taste-bud.

Numerous attempts have been made to demonstrate a
structural relation between the elements just described and
the nerve fibres which pass to the taste-buds from the sub-
divisions of the glossopharyngeal nerve, but thus far
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scribed in connection with the tongue. They are to le
distinctly regarded as accessory to the apparatus of taste
perception, the fluid secreted by them aiding in the solu-
tion of substances whose flavor 1s to be perceived by the
taste-buds.

The sense of taste resembles most forms of general bodily
sensation 1 requiring the actual contact of the object per-
ceived : the remaining special senses resemble the thermal
sense in being capable of givingknowledge of objects at a
distance. Of these the first and as regards its receiving
mechanism the simplest 1s that of smell. The accessory
muscular and skeletal structures which make up the facial
region known as the nose require no special deseription
from a histological standpoint. The air passages which
thev enclose are lined with a mucous membrane known as
the pituitary or the Schuneiderian membrane: the vesti-
bule, into which the nostril opens on either side, is lined
with stratified squamous epithelium continuous at the
margin of the nostril with the epidermis, of which it is a
modification: the remainder is divided into two portions,
the lower or respiratory and the upper or olfactory : the
former is lined with stratified ciliated columnar epithelium,
similar to that of other respiratory passages, beneath
which 1s a highly vascular membrane which contains a
considerable amount of adenoid tissue here and there gath-
ered into distinct nodules, and numerous racemose glands,
some of which are mucous and others are serous in char-
acter: large numbers of goblet cells are also distributed
throughout the epithelium.

The olfactory region of the nasal mucosa can be distin-
guished with the naked eve by means of its well marked
pigmentation, it being of a vellow color in man and scme
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of the lower mammals, and of a yellowish brown n
others. The fibrous laver is more highly vascular than in
the respiratory region, but contains less adenoid tissue: it
contains numerous glands, the glands of Bowman, which
differ from the racemose glands above mentioned in being
tubular, rarely branched, and but slightly bent or convo-
luted: the distal extremity is frequently the largest, the
tube tapering toward the duct, which is always slender,
and opens either upon the mucous surface or occasionally
into a small ciliated crypt: the epithelium of the glands
of Bowman is of the serous type, but the tubules resem-
ble those of mucous glands in having a conspicuouslumen:
ordinary racemose glands are also occasionally found in
the olfactory region.

The epithelial laver of the olfactory region is composed
chiefly of two kinds of elements. The first comprises the
non-ciliated columnar supporting cells: these are chiefly
prismatic in form throughout the greater portion of their
extent, but with tapering inner extremities, and with oval
nuclei situated at an approximately uniform distance from
the surface: other more deeply situated epithelial cells are
pyramidal in form, their bases resting on the fibrouslayer;
thev may perhaps be regarded as immature supporting
cells. Interspersed among the columnar epithelial cells are
large numbers of slender elements of the second kind,
whose outer extremities terminate in tufts of hair-like pro-
cesses, the olfactory hairs, which project above the general
surface: the middle portion is suddenly thickened to con-
tain large spheroidal nuclei: these are the olfactory cells:
their slender varicose inner portions are now known to be
continuous with the medullated fibres of the nerves of
smell. They must therefore be regarded as nervous ele-
ments, the thickened middle portion which contains the
nucleus constituting the body of the corpuscle, and the
peripheral portion a greatly reduced dendritic region con-
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sisting of a single protoplasmic process: while the proxi-
mal portion passes over into an axis-cylinder process
which shortly becomes a non-medullated nerve fibre.

The olfactory nerve-fibres can be followed through the
eribriform plate to their passage into the surface of the
olfactory bulbs, whose structure may now be considered :
as has been stated in a previous chapter, they constitute
a distinct region of the brain; but their histological struec-
ture is so intimately associated with their relation to the
sense ol smell as to make their description appropriate in
this connection. Each olfactory bulb 1s a rounded mass
at the anterior extremity of the longer or shorter olfac-
tory tract (or olfactory nerve, improperly so called): the
whole is an outgrowth from the hemisphere and originally
contains a cavity, the olfactory wventricle, which is a di-
verticulum of the lateral ventricle: in many mammals this
cavity persists throughout life; in some it persists in the
bulb, that of the tract being obliterated; in man and the
Primates generally it disappears altogether in the adult.

In passing across a section of the olfactory bulb from
the surface in close proximity to the cribrilorm plate to the
ependymal lining of the olfactory ventricle a more or less
distinct stratification may be observed: the number of
layers distinguished by different observers varies accord-
ing to the degree of subdivision recognized: Cajal desig-
nates five, distinguished by histological characteristics de-
monstrable with the aid of the silver chromate method, in
addition to the ependymal laver, which is wanting in
those forms in which the bulb is solid.

The first of these is the superficial layer of nerve
fibres: thisis a thin stratum of slender non-medullated
fibres arranged in a felted mass: it is composed exclu-
sively of the constituents of the bundles which pass
through the perforations of the cribriform plate, whose
origin, as we have seen, is in the axis-cylinder processes of
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toward the outer surface of the bulb: it gives off, in mam-
mals usually from a point near its centre,a stout descend-
ing process which traverses the molecular layer to form
in one of the glomeruli the important dendritic ramifica-
tion already described as one of the essential constituents
of each of those bodies. From the margin of the base are
given off stout protoplasmic processes which diverge
greatly, their ramifications interlacing to form a layer in
which the corpuscles lie: their finer subdivisions extend
obliquely into the molecular layer. The inwardly directed
apex of the corpuscle gives rise to a stout axis-cylinder
process which penetrates the layer next within and there
bends abruptly to run backward in that layer, giving off
collaterals whose terminal ramifications are in the mole-
cular layer, and eventually to become the axis-cylinder of
a medullated fibre of the olfactory tract.

The form and relations of the mitral corpuscles are sub-
ject in different vertebrates to variations in detail that are
of such importance, as bearing upon their functions, as to
merit description here. In mammals generally each mitral
corpuscle bears but a single descending process: this may,
however, divide and send branches to more than one glom-
erulus. In birds each mitral corpuscle gives off several
descending processes to as many glomeruli: in either of
these two ways a single corpuscle is put in relation with
a number of the bipolar nervous elements of the olfactory
mucosa. In some mammals, however, the glomeruli are
relatively large, and each receives the dendritic ramifica-
tions of several descending processes from as many mitral
corpuscles: in such cases a single bipolar element may
transmit a stimulus to several mitral corpuscles: this lat-
ter condition obtains in the olfactory bulbs of mammals
possessed of a high degree of olfactory sensibility.

Within the layer of mitral corpuscles is found the granu-
larlayer or deeplayer of fibres: both of these terms being
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applied to the fifth stratum as here defined, Omitting
from consideration the ependymal lining of the cavity of
the bulb, by some regarded as belonging to this layer. but
which does not differ in any essential respect from the
ependyma which evervwhere lines the cavities of the ner-
vous axis, the stratum consists almost exclusively of the
two kinds of nervous elements indicated by the titles
above given. The principal constituents are the nervous
fibres. which represent the axis-cylinder processes already
described as entering this layer from the subjacent corpus-
cles: as these pass along the length of the bulb they give
off numerous collaterals, of which some run horizontally
to end among the adjacent granules; others descend ver-
tically to terminate by interlacing ramifications among
the lateral protoplasmic processes of the mitral corpus-
cles.

The name of granule corpuscles is used to designate
the abundant cellular elements, probably nervous i char-
acter, which are grouped in numerous clusters through-
out the layer, the fibres above mentioned running in inter-
lacing bundles among these clusters. They vary more or
less in form, but are usually provided at their inner ex-
tremities with several short, slender, rapidly branching
processes: the outer extremity bears a single stouter
process which runs to the inner surface of the molecular
layer, there to ramify among the lateral processes of the
mitral corpuscles. Other corpuscular elements, which are
more doubtfully nervous in function, have been described
in this layer.

The medullated fibres of this layer pass through the ol-
factory tract to enter the hemisphere and there to be dis-
tributed to their destinations in the cortex. In addition,
Cajal describes in the tract efferent fibres which pass into
the deep fibre laver of the bulb to end in arborizations
which are situated chiefly among the central processes of
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the granule corpuscles. In those mammals in which the
cavity of the bulb 1s obliterated in the adult, the ependy-
mal lining is replaced by a gelatinous mass containing
numerous neuroglia cells. The dorsal portion of the
bulb is in mammals generally far simpler in structure
than the ventral, the latter, by virtue of its position, being
brought into far more intimate relations with the olfac-
tory mucosa.

At the close of the description of the structure of the
taste-buds reference was made to the close relationship
of the senses of taste and of smell, and a possible resem-
blance in structure in the two organs was intimated.
That resemblance, if it exists, is chiefly between the gus-
tatory and the olfactory cells: the former are strikingly
like the latter as regards their general form, and particu-
larly as regards the central nucleated portion and the
peripheral process. As we pass inward, however, the
likeness is less evident: the olfactory cell 1s plainly a ner-
vous element, being continued by an axis-cvlinder process
which ends by arborizations in one of the glomeruli of the
olfactory bulb: if the gustatory cell 1s a nervous element,
its inner portion must be regarded as a corresponding
arborization-region, very greatly reduced, and probably
discharging the impulses which it transmits upon the
imtrabulbar ramifications of the fibres of the glossopharyn-
geal nerve. Such an arrangement, if it exists, is without
parallel as far as known; but would find its nearest repre-
sentation in the olfactory apparatus. If, on the other
hand, the gustatory cells are epithelial, and not nervous,
the structure of the taste-bud approaches most nearly to
that of a tactile or pressure-organ, a form of sensation
having little relation to the sense of taste, which resem-
bles that of smell (and no other sense) in that it enables
us to take cognizance of stimuli that must be regarded as
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the presence of diminutive hairs, accompanied by small
sebaceous glands, and by occasional sweat glands: it is
thrown into small irregular folds. The underlying corium
15 loose in texture: it also differs from that of the rest of
the skin of the face in the presence of considerable numbers
of branched pigment corpuscles. At the free margin of the
lid the surface curves inward; the corium bezcomes more
dense; and the hair follicles are suddenly enlarged for the
development of the long, stout, and recurved c¢ilia, or eye-
lashes. Sebaceous glands open into the follicles of the
cilia, as do also some of the ducts of modihed sweat
glands known as the glands of Moll, others opening
freely at the surface. :

As the integument approaches the inner surface of the
lid it bends almost at a right angle at the palpebral bor-
der, and at the same time becomes modified in structure
to form the palpebral conjunctiva, which lines the sur-
face of the lid in contact with the eveball. Beneath the in-
tegument is situated the orbicularis muscle, composed of
striated fibres whose bundles run in a general way par-
allel to the palpebral border: the group of bundles situ-
ated just within the border fold, and separated from -the
mass of the orbicularis by the follicles of the cilia, is dis-
tinguished as the ciliary or marginal muscle, or as the
muscle of Riolan. Just interior to the orbicularis mus-
cle lies the palpehral fascia, a laver of fibrous tissue which
separates the tegumental from the conjunctival portion
of the lid : in the upper lid it is blended with the tendon of
the levator muscle.

The palpebral conjunctiva consists of a layer of strati-
fied columnar epithelium containing scattered goblet cells,
and resting upon a definite basement membrane: and a
dense mass of fibrous tissue, the tarsus, or the tarsal carti-
lage (erroneously so-called, as 1t is entirely devoid of carti-
lage corpuscles). The stratified columnarepithelium of the
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tissue which permits of a considerable amount of motion.
The continuation of the conjunctiva upon the eveball wall
be best described in connection with that structure, The
plica semilunaris, a vertical curved fold at the inner
angle of the eve, representing the third evelid of many
lower vertebrates, 1s a mere fold of conjunctiva; it con-
tains internally in some mammals, and sometimes in man,
a thin slip of hyaline cartilage: as well as a rudimentary
racemose gland regarded as representing the Harderian
gland generally present in the eyes of those vertebrates
which have a functional third eyelid. The adjacent ca-
runcle is a rounded fatty mass, with an investment agree-
ing with the integument in structure and containing mi-
nute hairs and modified sweat glands. The conjunctiva,
which is highly sensitive, is richly supplied with the nerve
terminals already deseribed as end-bulbs,

The lachrymal gland, situated in the supero-lateral
portion of the orbit, consists of two somewhat distinct
portions, sometimes described as the superior and inferior
lachrymal glands. The whole mass consists of an aggre-
gation of compound racemose glands which open by in-
dependent ducts upon the conjunctival surface inthe region
of the superior fornix. The acini, which may be either
simple or branched, are lined by granular cells with large
spherical nuclei, agreeing in this respect with the alveoli
of serous glands; from which they differ, however, by the
presence in each of a distinet and sometimes a large
lumen. They open into ductules lined by flattened or low
columnar cells: these lead into ducts whose epithelium is
distinctly columnar, and i which a second layer of small
cells has been described as situated near the basement
membrane,

The secretion of the lachrymal gland, after washing the
surface of the eyeball, is carried away by the lachrymal
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canals, which open on the palpebral borders near their
inner extremities. Each canal is lined with stratified squa-
mous epithelium, which rests upon a fibrous layver rich in
elastic ibres: external to thisis a laver of striated mus-
cular fibres swhich are generally disposed longitudinally.
The canals discharge into the lachrymal sae, which is
continued to the nasal cavity by the nasal or lachrymal
duct. The sac and the duct are both composed of an elas-
tic fibrous layer containing considerable adenoid tissue,
and lined by a mucous membrane which is invested by
columnar epithelinm resembling that of the nasal cavity.

The visual capsule consists of two distinct strata; the
outer, or skeletal, which is known throughout the greater
portion of the eveball as the selerotie, but is transformed
in front to form the transparent cornea; and the inner, or
musculo-vascular, which 1s composed of the posterior
choroid, and the anterior iris: the essential nervous struc-
ture of the eye lies immediately interior to the choroid.
The cornea is a part of the refracting apparatus of the
eyve, and the iris a portion of the regulatory mechanism:
but each may be conveniently described inconnection with
the stratum of which it is a portion.

The whitish selerotic i1s a dense fibrous layer resembling
somewhat a greatly thickened membrane; the interlacing
fibre bundles are arranged chiefly in antero-posterior and
in transverse directions: elastic fibres are sparingly pres-
ent: the fixed corpuscles are flattened, and lie in definite
lacunae of irregular form. The inner layer is richin brown-
ish pigment and is known as the lamina fusea: between
it and the outer layer of the choroid are extensive lymph
spaces lined with endothelium and traversed by blood-
vessels and strands of connective tissue. The sclerotic is
nearly twice as thick in its posterior as in its anterior por-
tion: where the optic nerve enters the eyve the sclerotic be-
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comes continuous with thesheath of that evlindrical hody:
the circular area enclosed is suddenly thinned, and is
pierced by a number of small openings; it is therefore des-
ignated the lamina cribrosa. Over the larger portion of
the sclerotic its outer surface is invested by a thin layver of
connective tissue loosely unitingit to the capsule of Tenon,
a membranous sac lined with endothelium and enclosing
the space of Tenon by means of which the eyeball is sep-
arated from the fat masses lining the orbit. In front the
sclerotic. 1s invested, as far as the scleral sulcus by which
it 1s separated from the cornea, by the scleral conjunctiva:
this consists chiefly of stratified squamous epithelium
resting upon a thin fibrous membrane which is connected
to the sclerotic by a scanty layer of looser connective tis-
sue: it contains numerous end-bulbs, and, asis well known,
1s extremely sensitive.

The cornea is readily distinguishable from the sclerotie,
not only by its transparency, but also by its greater con-
vexity. Its outer surface is covered by a laver of stratified
squamous epithelium continuous with that ol the scleral
conjunctiva: the layer is several cells deep, the outer ele-
ments being strongly flattened, but retaining their nucle:,
and the inner being digitated in a manner similar to the
prickle-cells of the epidermis. The deepest cells rest on a
thin, dense, homogeneous layer of closely felted fibres, the
membrane of Bowman, or external limiting membrane,
which possibly represents the fibrous portion of the con-
junctiva. Beneath this membrane, and closely connected
with it 1s the substantia propria of the cornea, a mass of
the corneal tissue described in detail in a previous chapter:
at its margin it passes over into the substance of the scle-
rotic, of which it is presumably a modification. Internally
this mass is invested with a thin homogeneous elastic in-
ternal limiting membrane, otherwise known as the
membrane of Descemet: its inner surface is covered
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with a layer of endothelium and bounds the anterior
chamber of the eve. Around its margin the membrane of
Descemet is continued by a number of processes to form
the pectinate ligament by which the cornea is attached
to the iris. .

The choroid is nearly coextensive with the sclerotic. It
consists of a vascular layer of fibrous tissue which is ex-
ceedingly rich in large pigment corpuscles, imparting to it
a color which varies from brown to black: in the human
eve it is dark brown in color. Its outermost portion, con-
sisting entirely of pigmented connective tissue, forms a
layer distinguished as the lamina suprachoroidea: it
lies immediately within the lamina fusca of the sclerotic,
from which it is largely separated, as has been already
stated, by extensive lymph spaces lined with endothelium.
The body of the choroid is rich in bloodvessels, which are
disposed in two strata; an outer containing the arteries
and veins, which are arranged in a characteristic manner,
and an inner, the capillary tunie, or tunic of Ruysch: the
fibrous structure between the two is a layer of connective
tissue rich in elastic fibres which in some mammals is so
well developed as to form a distinct layer which is visible
through the capillary tunic and the retina, and is known
as the tapetum. Within the capillary tunic is a thin trans-
parent layer, the membrane of Bruch, or vitreous mem-
brane.

The anterior portion of the choroid is modified by the
foldings of its inner surface known as the ciliary processes,
and by the thickening due to the presence of the laver of
bundles of smooth muscular fibres termed the ciliary
muscle: the whole region, including a marginal zone, the
ciliary ring, in which the capillary tunic is less well de-
veloped than in the choroid generally, is sometimes desig-
nated the ciliary body. The ciliary processes, upwards
of seventy in number in the human eye, are meridion-
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ally disposed folds which begin just anterior to the cili-
ary ring and rise gradually to the height of a half of a
millimetre or so, to terminate abruptly at the margin of
the iris: like the rest of the choroid, they are quite vascu-
lar, the vessels being imbedded in a pigmented stroma of
connective tissue, and are limited internally by the vitreous
membrane. Upon their surfaces are pouch-like depressions
lined by the epithelial laver, presently to be deseribed,
with which the vitreous membrane is invested in this re-
gion; these have been called ciliary glands: their gland-
ular function is, however, doubtful.

The ciliary muscle is by some regarded as a portion of
the choroid, bv others as interposed hetween it and the
sclerotic. It 1s composed of bundles of smooth muscular
fibres (of striated fibres in birds), most ol which arise
from the pectinate ligament at the region where the scle-
rotic, the cornea, and the iris come together: of these the
greater number run meridionally to be inserted into the
choroid, and are therefore sometimes regarded as forming
a distinct muscle, the tensor choroideae: the remainder,
known as radial bundles, run obliquely to those just de-
scribed, assuming a direction which tends toward the cen-
tre of the eye, and being inserted in the ciliary processes.
Other bundles, internally situated, are arranged in a more
or less definite circular tract, known as the ring-musele
of Mueller. The ciliary muscle as a whole is triangular in
cross section: it is thickest in hypermetropic eves, due
largely to an increase in the size of the ring-muscle.

The stroma of the choroid is continued forward from be-
vond the ciliary body to form the principal portion of the
iris: the latteris highly vascular, but not so muchso asthe
rest of the musculo-vascular layer: itis also somewhat dif-
ferent in texture, approaching more nearly to the structure
of retiform tissue. It contains numerous pigment cor-
puscles, of different colors in different persons, on whose
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or a venous channel, and whether or not it communicates
with the spaces of Fontana are still matters of dispute.

The parts concerned with the processes of refraction by
means of which distinct images of things seen are formed
on the sensitive surface within the eve are the cornea, a
description of which has already been given; the aqueous
humor, a watery fluid in which leucoeytes are oceusionally
found, but containing no other tissue elements, which fills
the space between the cornea and the capsule of the
lens: the erystalline lens. with its capsule, by means of
which it is suspended at right angles to the eye immedi-
ately behind the iris; and the vitreous humor, which fills
the cavity posterior to the lens. The regulatory mechan-
isms are the iris, which, by modifying the size of the pupil-
lary aperture, governs the amount of light which passes
through the lens and indirectly (tosomeextent) the sharp-
ness of the image formed by it; and the ciliary musecle,
whose action modifies the convexity of the lens and thus
affects its definition: an account of these having already
heen given, there remain for description the lens and the
vitreous humor, with the capsules by which they are
surrounded.

The erystalline lens is composed of an epithelial layer
and a fibrous mass whose components are modified epi-
thelial corpuscles. The epithelial layer consists of cu-
boidal elements which form nearly the whole of the ante-
rior surface: as they approach the equator they become
columnar, and as they reach that region become greatly
elongated and assume the shape of the long hexagonal
prismatic fibres of which the greater part of the lens is
composed: at the equator these retain their nuclei for
some time after birth, but those of the greater portion of
the mass are quickly lost.

The fibres run from the anterior to the posterior por-
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tion of the mass, being so disposed that their extremities
come together in each region along radiating sutural
planes primarily three in number; the sutures of the an-
terior region alternate with those of the posterior region
in position; as a consequence, the fibres pass obliquely
from one region to another: the degree of obliquity is 1n-
creased by the fact that the length of the fibres is such
that those which arise nearest the centre of the anterior
region terminate posteriorly nearest the equator; and
vice versa. As a consequence of this arrangement of the
fibres, stellate figures are formed which can be easily seen
in the artificiallv hardened lens, and traces of which have
been discovered in the living eve by the aid of the ophthal-
moscope. Hardening in aleohol reveals a tendency to
lamination, particularly in the outer portion, the laminae
peeling off in triangular patches which separate along the
sutural planes.

The capsule of the lens is a transparent elastic sac
which completely encloses that body. It is apparently
homogenous in structure in the adult, but is regarded by
some as composed of two laminae: an inner, cuticular in
character, formed by the activity of the epithelial elements
within while still embryonic: and an outer, composed of
fibrous tissue. It is thicker in front than behind, in rela-
tion with the greater change of curvature which takes
place in the more highly convex posterior surface in visual
adjustments. The support of the capsule and lens in place
will be described later.

The vitreous humor, or vitreous body(as it alsocalled),
1s a semi-fluid mass of extreme tranparency derived from
the modification of a quantity of gelatinous tissue by the
infiltration of lymph to such an extent that over ninety-
eight per cent. of its substance is water. Slender trans-
parent fibres are scattered through the mass, and occa-
sional corpuscles are found in it: these are generally of ex-
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ceedingly irregular shape, and are often extensively vacuo-
lated ; they are probably modified leucocytes. Under cer-
tain methods of hardening the vitreous body can be seen
to present evidentes of a laminar structure; whether
this is real, or the result of the treatment employed, is not
vet certain.

The vitreous body is invested by a thin transparent
capsule, the hyaloid membrane, which is structureless
throughout the greater portion of its extent. Opposite
the optic nerve it is reflected forward to line the slender
hyaloid canal which perforates the vitreous body, termi-
nating in front at a point opposite the centre of the pos-
terior surface of the crystalline lens: here the hyaloid
membrane is reflected outward from the anterior extremi-
ty of the canal to line the patellary fossa, on the anterior
surface of the vitreous body, which receives the convexity
of the lens and its capsule, the latter being in contact
with the hvaloid membrane.

At the margin of the patellary fossa the hyaloid mem-
brane lining it becomes continuous with that investing
the outer surface of the vitreous bodyv: here the membrane
is distinctly fibrous, the fibres in some cases penetrating
the gelatinous mass within. It gives off from its outer
surface a fibrous layer which closely invests the cihary
processes as the zone of Zinn, or zonula ciliaris: its free
portion extends beyond the ciliary processes to be inserted
upon the capsule of the lens at its equator, thus forming
the suspensory ligament of the lens above mentioned.
The mode of insertion of the suspensory ligament 1s such
as to leave a narrow circular space between the two
layers of the hyaloid, known as the canal of Pettit.

The structures directly involved in the reception of light
stimuli and their conversion into nervous impulses are
contained in the retina,a highly complex organ formed by
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pass vertically toward (but not to) the outer surface of
the retina.

Next to the internal limiting membrane, so called, is
seen the first definite stratum of the retina, the layer of
nerve fibres. These, which are non-medullated in most
cases, are arranged in small bundles which form a plexi-
form meshwork over the inner surface, radiating {rom the
optic nerve, or, more exactly, converging to it from all
portions of the retina. This laver, like nearly all the
others, is quite transparent, and is itself insensitive to
light.

The layer of nerve fibres is succeeded outwardly by the
ganglionie layer, a stratum of relatively large multipolar
nerve corpuscles, either spheroidal or pyriform in shape,
whose axis-cylinder processes are continuous with fibres
of the preceding layer, and whose other processes ramify
in the layer next beyond. The ganglionic layer varies in
thickness in different portions of the retina, being in some
places two or three corpuscles deep, but over the greater
portion of its surface consisting of a single layer of cor-
puscles: toward the ora serrata these become separated
from each other by considerable intervals.

Immediately beyvond the ganglionic layer is situated the
inner molecular layer: this, which is in most portions
of the retina the thickest of the visible strata, 1s appar-
ently composed of a granular mass, which 1s in reality the
expression in section of the cut extremities of the rami-
fying processes of the corpuscular elements of the layers
next adjacent.

External to the inner molecular layer i1s seen the inner
nuclear layer, composed chiefly of closely aggregated
bipolar and multipolar nerve corpuscles, the former pre-
dominating. The corpuscles vary greatly in size, but are,
on the average, decidedly smaller than those of the gan-
elionic layer: the disposition of their processes will be de-
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and most mammals, which is of nearly uniform diameter
throughout 1ts entire length. The outer segment of each
rod is transversely striated, and can be resolved into a num-
ber of thin disks by the aid of certain reagents: the outer
portion of the basal segment 1s longitudinally striated.
The cones resemble the rodsin consisting of two segments:
the inner of these is much stouter than the basal segments
of the adjacent rods, and is thicker at the base than at the
outer extremity: like the corresponding regions of the
rods, the outer portion of the basal segment is longitudi-
nallvstriated. Upon its free extremity is seated the outer
segment, which is shorter than that of the rods, and
tapers to a point: it shows transverse striations.

The layer of rods and cones was for a long time re-
cgarded as the limiting stratum of the retina, the adjacent
- layer of pigment cells being associated with the choroid,
with which it is in close contact. With advancing know-
ledge of the embryological development of the eye, how-
ever, it has become evident that it must be regarded as
retinal 1n nature. It consists of a single stratum ol pris-
matic cells, hexagonal in form and so heavily loaded with
pigment as to hide the large central nucleus: the outer
surface of the cell, in contact with the choroid, 1s smooth:
the inner is prolonged by numerous slender processes
which extend between the rods and cones of the adjacent
layer to a distance which varies in relation with the in-
tensity of the stimulus acting upon the retina.

The layers of the retina, as above described, are now
lkinown to be the expression as seen under the more familiar
methods of preparation of asvstem of nervouselements ar-
ranged in a manner not unlike that which is found in the
other organs of special sense: their disposition may be
briefly described as follows, disregarding for the present
the layer of pigment cells just mentioned.

The rods and the cones of the bacillary layer are in real-
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terminals of the rod and cone elements here coming into
relation with the peripheral terminals of the corpuscles of
the inner nuclear layer; or, as it is now {requently desig-
nated, the layer of bipolar corpuscles.

Each of these corpuscles is prolonged peripherally by a
filament which terminates at the outer molecular layerby
a group of dendritic processes: Cajal has shown that
those of some of them pass the outer portions of that
layer to form close tufts about the knob-like terminals of
the rod-elements; the central processes(or axis-cylinder pro-
cesses) of the same corpuscles passing to the innermost
portion of the inner molecular layer: for these he has pro-
posed the name of rod-bipolars. The others he has shown
to ramify extensively in the inner portion of the outer
~molecular layer, in relation with the terminals of the
cone-elements; while their central processes terminate in
arborizations which are situated at various levels in the
stratified inner molecular laver: these he calls cone-
bipolars.

The same investigator has demonstrated in the outer-
most portion of the layer of bipolar corpuscles elements
varying in size, whose dendrites ramify in the outer mole-
cular layer and whose axis-cylinder processes run for
longer or shorter distances horizontally to end in arbor-
1zations distributed in the same layer; for which reason
he calls them the horizontal corpuscles of the retina. In
the innermost portion of the same layer of corpuscles he
has described pear-shaped amacrine corpuscles of vary-
ing size, whose processes branch and ramify in the inner
molecular layer at various levels corresponding to those
indicated in connection with the terminals of the cone-
bipolars. The nature and functions of the horizontal and
amacrine corpuscles of this layer may perhaps stiil be re-
carded as matters of question; the bipolar corpuscles
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cle, the laver of pigment cells alone representing the pos-
terior lamina. '

At the macula lutea the retinal layers are notably
thickened, the laver of ganglionic corpuscles in particular
becoming several cells deep. Passing towards the centre
of the macula, the layers become rapidly thinned to form
the fovea centralis, in which cone-elements only are pre-
sent in the neuro-epithelial layer, and cone-bipolars in the
cerebral laver, the central processes of the latter passing
obliquely outward to enter the mner granular layer at
the margin of the fovea. Where the optic nerve pierces
the retina the retinal structures are of course wanting.

The characteristic retinal layers disappear at the ora
serrata, the laver of visual cells first becoming absent.
Over the ciliary portion of the retina the posterior lamina
of the optic vesicle is represented by a layer of pigment
cells as elsewhere: the anterior lamina by a layer of col-
umnar cells lying between the pigment layer and the hya-
loid membrane: they have large oval nuclei near their outer
extremities. In the iridal portion of the retina both lam-
inae are represented by layers of pigment cells, The
masses of retinal pigment cells between the ciliary pro-
cesses form the so-called ciliary glands already mentioned.

The apparatus of hearing, like that of sight, comprises
a receiving and a transmitting mechanism in addition to
the structure which contains the special terminal organs
involved. Thereceiving neuro-epithelium isin some respects
more complex than in any of the other organs of special
sense: the accessory mechanisms are far simpler than
those of the apparatus of sight.
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ument from the bony wall of the meatus, and mwardly
by the mucous membrane which lines the whole of the
tympanic cavity. The fibrous layer consists chiefly of ra-
diating bundles diverging chiefly from the point of attach-
ment of the malleus: there are in addition circularly dis-
posed bundles of fibres, chiefly near the margin of the
membrane, which form a so-called mner layer. The tegn-
mentary layer resembles that of which it is a continua-
tion: the mucous laver consists of a thin membrane rich
in elastic fibres which bears a single layer of cuboidal epi-
thelium whose component cells are devoid of cilia.

The auditory ossicles possess to some extent the char-
acter of dense bone, their thicker portions showing dis-
tinct though small Haversian systems of lamellae: defi-
nite marrow cavities exist in the interior of the principal
masses of the malleus and incus. The articular surfaces
are in each case invested with hyaline cartilage. The
muscles connected with the ossicles are composed of stri-
ated fibres. Both bones and muscles are invested with
the mucous membrane which lines the tympanic cavity.

The Eustachian tube, which connects the tympanic
cavity with the pharvnx, has a bony wall in its. posterior
portion} in the anterior portion the wall is in part com-
posed of hyaline cartilage, sparingly reinforced by bund-
les of white fibres, and in part of dense fibrous membrane.
It is lined throughout its extent by a mucosa which is a
continuation of that of the pharynx, and 1s in turn con-
tinued by the lining of the tympaunic cavity : like that of
the pharynx, the mucosa is invested with a layer of strat-
ified columnar ciliated epithelium. In the cartilaginous
portion of the tube there is a submucosa which contains
numerous mucous glands and a considerable, quantity of
diffuse adenoid tissue; in this respect, again, recalling the
structure of the pharynx. In the bony posterior portion
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are developments of the wall of the utricle and together
with it form the labyrinth in the limited sense in which the
term was formerly used. The cochlea is an extension of
the saccule.

The bony walls of the cavity which contains the utricle
and the semicircular canals are lined with a thin perios-
teum invested by flattened connective tissue corpuscles
which form an endothelium. The membranous structures
enclosed within are adherent to the periostenm along one
side of each canal and upon a portion of the surface of the
utricle: throughout the rest of their extent they are sep-
arated therefrom by a space filled with perilvmph which is
traversed by frequent trabeculae of fibrous tissue, the free
surface being similarly invested. The membranous wall
consists of a layer of connective tissue containing numer-
ous elastic fibres, within which is a dense clear tunica
prupria. whose surface throughout the canals shows nu-
merous low papillary eminences; lining the tunica is a
layer of polvgonal pavement-epithelinm cells.

In the ampulla of each of the semicircular canals the
tunica propria is much thickened along a projecting ridge,
the transverse septum, upon whose summit is sitnated a
crista acustica, or ampullar area of auditory neuro-epi-
thelium. In passing from the general surface of the am-
pulla upon the sides of the septum the pavement epithe-
lium becomes first cuboidal and then columnar in form,
the columnar cells being surmounted by a distinct cutic-
ular layer. Within the crista the epithelium consists of
cells of two sorts: fibre cells, whose elongated bodies ex-
tend through the whole epithelium, their bases being
larger than their free extremities, and their nuclei being
variously situated within the basal half; and hair-cells,
cylindrical elements which are situated in the outer half
of the epithelium only, their nuclei being situated near
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their rounded inner extremities, and their free ends bear-
ing long tapering filaments, the auditory hairs,

Branches of the auditory nerve are distributed to each
crista: as the fibres enter the epithelium they loose the
medullary sheath, and quickly divide into fibrils which
ramify extensively in the vicinity of the hair-cells, their
free extremities being in every case in direct contact with
these epithehal elements: the relation between the nerve
terminals and the epithelial cells must be regarded as sim-
ilar to and as specializations of that elsewhere described
in connection with the free endings of nerve fibre in the
epidermis.

In material hardened for section cutting the surface of
each crista is found to be covered by a dome-shaped mass
of a clear colorless substance of unknown composition
and origin, in which the auditory hairs are imbedded: to
this mass the term cupula is applied. Under suitable
reagents the auditory hairs can be made to break up into
numerous fine cilia-like filaments, indicating that the hairs
are compound structures.

The surface of the utricle bears a large patch of neuro-
epithelium, themaculaacustica or macula eribrosa, as it
is sometimes termed, essentially similar in structure and
in the mode of nerve supply to one of the cristae of the
ampullae. There is not such a marked thickening of the
subjacent tunica propria, and the auditory hairs are not
as long as those of the ampullar organs: the surface of
the macula is invested by a soft gelatinous mass in which
are imbedded numbers of crystals of calcium carbonate
known as otoliths. A macula in every wayv similar to
that of the utricle is found in the saccule.

The cochlea, a development of a portion of the saccule,
with which it is directly connected in the lower verte-
brates and in the embryo, is in the mammal in great
measure constricted off from that region in the adult, be-
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ing connected with it only by a slender tubular passage,
the canalis reuniens. It should be regarded, however, as
a tubunlar diverticulum of that division of the primary
auditory vesicle, differing from the rest of the membran-
ous labyrinth in its spirally coiled form. its mode of at-
tachment, and particularly in the complexity of its neuro-
epithelium, which here attains a degree of specialization
found 1n no other organ

Regarding, for convenience, the position of the whole
structure as so far shifted rom that which it ocenpies in
the living body as to bring the base of the spiral into a
horizontal plane, the apex peinting upward, the cochlear
tube may be said to be adherent outwardly for about one
third of its surface to the bony wall of thecontainingcav-
ity; and to be connected inwardly with the central bony
spiral lamina by two flat membranes, the lower of which,
the basilar membrane, is nearly horizontal in this posi-
tion, while the upper, the membrane of Reissner, slopes
at an angle of about forty-five degrees: the tube 1s there-
fore approximately triangular in cross section.

The periosteum of the outer wall is much thickened
along the area of adhesion of the cochlear tube to form
the spiral ligament, the greatest elevation being at the
point of attachment of the basilar membrane, where a
fibrous ridge is found known as the crista basilaris; a
short distance above this a second ridge is seen, the vas-
cular prominence, containing one or more conspicuous
blnodvessels : the somewhat concave surface between this
and the ridge to which the membrane of Reissner is at-
tached, known as the stria vascularis, exhibits a histo-
logical structure without parallel in the entire body. It
contains a rich network of capillaries, imbedded in ele-
ments apparently epithelial in character, and commonly
so described: the superficial cells (which entirely overlie
the capillaries) are certainly in continuity with the epithe-
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sue whose elements do not take on a definite endothelial
form, but are largely spindle-shaped fibres disposed at
right angles to the fibres of the middle layer. The inner
surface is invested with epithelium continuous with that
lining the rest of the tube: that of the outer half of the
membrane, or zona pectinata, is but slightly modified:
that of the inner half, or zona tecta, is greatlv modified
to form the characteristic structure of the cochlea.

This structure, the organ of Corti, is a neuro-epithelium
not unlike those foundin the cristae and maculae acusticae;
being compesed, like those bodies, of hair cells and sup-
porting cells: its greater complexity is due chiefly to the
form and arrangement of thelatterelements. Thecentral
feature is a series of arches formed by the convergence
above of an inner and an outer rod of Corti, the outer
- rods being longer and more slanting than the inner: the
triangular space beneath them, which runs the whole
length of the cochlea, being known as thetunnel of Corti.
Each rod consists of a broad basal portion, or foot, a
slender shaft, and an enlarged head, that of the inner rod
having a coneave surface upon its outer side into which is
fitted a corresponding convexity upon the inner aspect of
the head of the outer rod: both the inner and the outer
rods bear outwardly directed flattened phalangeal pro-
cesses, those of the inner rods overlapping the inner por-
tions of the processes of the outer rods. Both inner and
outer rods are invested with a layer of protoplasm which
is accumulated at the base on the side toward the tunnel
in a mass containing an oval nucleus. The inner rods are
narrower and more numerous than the outer.

On the inner side of the upper extremities of the inner
rods is situated a row of inner hair cells, cylindrical 1n
form, and, like those of the auditory structures, only
extending through the upper half of the layer: the upper
extremity of each bears a number of hair-like processes:
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the lower extremity is rounded and contains a spherical
nucleus. Internal to the inner hair cells are columnar sup-
porting cells which pass gradually over into the epithe-
lium of the spiral groove.

On the outerside of the heads of the outer rodsare rows,
three or four in number, of outer hair cells, essentially
like those of the inner row. DBetween them are the upper
extremities of the cells of Deiters, elements somewhat re-
sembling the rods of Corti: each has a spindle-shaped
basal portion containing a spheroidal nucleus, and a slen-
der rigid upper portion which terminates in an outward-
ly directed phalanx. The phalangeal processes of the rods
of Cortiand the phalanges of the cells of Deiters are united
by their angles to form a reticular membrane through
whose apertures the extremities of the outer hair-cells
project. Between the outer rods, the hair-cells, and the
cells of Deiters are intervals, the spaces of Nuel, which
communicate with each other and with the tunnel of
Corti, the whole being filled with a semifluid substance.

The organ of Corti may be said to be limited by the
hair cells and the cells of Deiters: the latter pass over out-
wardly into tall columnar elements, the cells of Hensen,
whose nuclei are situated in their large upper extremities.
These pass rather abruptly into the shorter columnar
cellsof Claudius, between which and theepithelium of the
outer wall of the tube a gradual transition is seen along
the surface of the zona pectinata.

The bundles of nerve fibresdistributed along the cochlea
pass along the under surface of the bony spiral lamina
to its margin from the spiral ganglion of the mod-
iolus. Here they penetrate the basilar membrane: the
fibres loose their medullary sheath and are distributed to
the epithelium in a manner quite similar to that described
in the account of the cristae, some of the fibres travers-
ing the tunnel of Corti to reach the vicinity of the outer















364 INDEX.
Fenestrated membrane............. 42 | Glands.;...c..cisvinssnsssdonisusnneanenasts 157
Ferrein, pyramids of..............oee 205 | —— of Bartholin.........ccc.s ccunse 245
Fertilized ovum......coee. e 86 | —— of Brunner.......ccoccenneincs B e
DR e o s b Ph W En b S a s 34 | — cardiat.....occeiiceeenr s . 175
——— B AR I e sasnd sn s R 34 | —— carotid..... cccriisesraionnnes e B0
Ty B e o 101, 10T | — Ceruminous.....cxusssnsne 144, 351
— medullated...........ccooeeeeee. 101 | —— coccygeal .ouiinns - 280
—of Muaeller. . daia i 344 | — of owper......... R 1
—— non-medullated.................. 101 | — of Ebuer.....ccccuieeeeanniea S (1
— of Purkinje......ocmmmmn. 668 | —— Zastric . icccsssmnsncasnnnnansinasanns 175
—— of Remak ........csacsisnmasannesas 101 | —— lachrymal.........cee coveeinensses. 334
—— smooth muscular........ e 84 | —— -of Littre..cuossmsmsessannsn G271
— Blriatedii . ercarsionsiansianiiins BT | —— mammary. ....icccovemceansannes 246
S i W oh 11| = P r ey Pt P P « 165 | — Meibomian...... coeeeeen: 145, 333
—— white....cccnemrensneains 34, 101, 107 | — of Moll.......ccccccnrisninanacsanens 332
Fibrillae, muscular....cc.c.coeerssenis 88 | — of mouth...c.iveeiieresssssennes 160
e T 11 oy P R SR 107 | —— MUCOUS cveetrrrnnsriisssiersssssrans 158
BT DENTN s s wnmi s iab s ey Sk a kR T3 | —— pepliCaccciiriessmannssnsnannass BT 2 b i
Fibro-cartilage.........ccoeninninniona. 27 | — prostate.....ccovieeiiiinne s 231
Fibrosa........ 173, 194, 196, 216, 244 | —— pyloric.ccuiimesss sumssssssssessnsss 170
Fibrous membrane........... wenssess $l | —— salivary....... SR ey
HISSUCE. . ccvecnsrnsnennei ], B2, 42,45 | —— sebaceous.....cccoenicviiemeiieen o0 144
Fields of Cohnheim....cc.connncannne BH | —— BeTOME i irerrisnanssinats repahsfunnns 158
Fixed corpuscles......ccoousisnarisnes 31, 36 | —— Of 8KiTlcccarsrenns sarssasnsssnasssin LY
FOllCleS cucviinnsensirsrnnsnssmsssnssinnnns 107 | —— SndOriparous..cceees xnk e 152
—— intestinal ...cocumeenirsnsinienn. 177 | —— Of Ty80MN.ceiirinnesans snssusns ons 230
B OOl o eisanoss s snusussnsuununsnsiny 56 | — unicellular...cccoceniies cenvanenass 156
Free nerve endings...cesennens 103 AR R e 240
FOICUIMIE -cuana-nssnnaaressnnsuns snaansacs 112 | Glandular epithelium.......ooneseee. 18
Glans penis....cummssanissn saasannians SO0
TRl [ i [ R e 113 | Glia-cells.......corunnsennees B 46,113
Ganglionic columns.....cc.cceeeeeese. 294 | Glisson, capsule of... .....c.coieeeee. 186
Gartner, duct Of..cceesrreaenasrrscaagys 240 | Glomeruli, renal......cccoviciivinnnieas 207
Gelatin........... s easssssnsisrEReTsraRssanas 29 | —— Olfactory ..o resssneansensssnnas az27
Gelatinous fibres.....coceeenconn 101 | Goblet cells ...cccovvnrinsneerraneeene. 19, 166
—— tISSUL srrreserrmcmnmenirnsnsnsininnnans 38 | Golgl, OrgaAns of. ... .casevessss snses 103
Genital corpuscles....... 105 280, 244 | GONAAS .coaiersirssnnmmsnnsennmunnnrnysan o 217
—— EMINENCE .vvrrsrnersrassameessnnss 267 | Graaffian follicles..........ciouueeveee. 234
——— TIAEES cvnereerisrnnanssnsssnnnnnnes 257 | Grandry, corpuscles of.............. 104
Germinal epitheliom.........cc..coees 234 | Granule cells.... coociiivsunaimsnnniens 30
—— TIAZC ccesnnans  sussssnssnaessmninniss 255 | Gray commissure.......... Snnedinnnn A SR
wbe—PEIOT: 1 axa snasuadnsaiteitas Anwmatins sinn 237 Uy o MRRRR e S L L 101, 107
— vesicle.......ou. S kA 237 matter of cord.......iurmeneneees 292
Gianuzzi, crescents of...... ccooveee 150 | GrumB. i e iessis anasnsnsnnin dyeaerateiee et 154
EANE o8 i e v 55
Giraldes, organ of............ cocvveae D08 | HAEMATOBLASTS .peccesiennessmassusans 82












368 INDEX.
RAXVIER, NODES OF......cocaneeensns o 101 | Slkeletal tiS80EE, i rranns aasnsis s LS
Receiving terminals........cooveennes . 102 | Skin.....135, 141, 217, 230, 331, 351
Recknmt . e G 182 | Small intestine.......ccocsvueesnaceneses . 179
Red corpuseles........cccee i nannisarea. T4 | Small vessels.........ccciiinies 91
—— MATTOW .cocssanns srsnanssssansisnen 55 | Smooth muscular fibres............ 84
Remak, fibres of....... e 100 | Sole-plate...... cuseeraasens WP . aeae 105
Rete mucosum.......o coeesass wnnee: 1356 | Solitary: follieles . it e Lo
sem BBEIS. . caansnicinn i ians sennnnes 2200 | ‘Spaces of Fontanal il T 339
Reticular cartilage........ccceuunnie 27 interglobular:..c. e 165
B Ee I e e s s i an i ek 115, 121 | Spermaticcord. it 217
Retiform tissue..........c....c.. et 40 | Spermatozod i wnena el dee
REBIE , wornsnnansrrenrosemraniminnimsnes e ol | SO o ey e .. 264
Retinal pigment.......cooumiemrenioness 346 | Spheroidal epithelium............... 18
Retzius. stripes of........cceee cieeeees 166 | Spinal cord. ooieimsnsiamsniasinn sianes 291
Ring-muscle...........ocoeee cassncianns 338 | — ganglha ...ccocovnininnnnininninns 309
Root-sheath of hair................. 147 | —— nerves.............. B A
Spleen ... iR 274
=¥ B o T R SR Ty R 0 e e TSy B e - 119
Salivary glands.... ...cccoriieanniinne 161 | Spongioplasm ..... e 115
Salter, incremental lines of....... . 165 | Spongy bone-........coereeens aauErach R
Sarcolemma ....ccoeeee ceeecviinnnnnne. 87 | Squamous epitheliom............... 18
SarcoOplasm ... ianiinsnns tamsacinnis 88 | Stalked hydatid..........ccceiiie 239
Sarcous elements.........oeveeeee vooe . 88 | Stellate corpuscles.........cooceeeeenee 113
Schachowa, spiral tubule of ..... 208 | Stellules of Verhuyen...........c.... 206
Schmidt, medullary segments of 108 | Stigmata ..coocevvvneeisnnnsanisnnnes 094
Schreger, lines of.......cccceneennens 165 | SCOMACE i visnan:arinsne s aninamaw o 175
Schwann, white substance of.... 101 | Stomata...ceremsmmenis ssannans 98, 198
7] [0 01 | P e 335 | Stratified epithelium.........ccenrse. 19
Serotulm ..eee.. ST 217, 258 | Stratum adiposum........... coeeens 140
Sehaceons glands......cooeeeieaenen, 144 | —— CcOrneum........ S i e T
Secondary areolae....... AL 65, 66 | epitrichiom ....... ke e
Segmental ducts.......ocoeciieiiens 252 | — granulosum ........... B . 136
e QPEANIE et s msriessner 2000 | ==—pluciAUN e e s 137, 162
Segmentation......ccoeeiinines 128 | — Malpighii i 136, 152
Seminal vesicles ...ocoerieriinirinns 226 | — papillare..... ..ooucsssnerarsnen .. 139
Seminiferons tubules.......ccoeenn.. 99 | — reticulare.......... T o A
Serosa......... .. 178, 177, 181, 289 ‘ —— SQUAMOSUM Loooriiniiaes weaneee 138
Serous endothelium..cceees vennns 20, 98 | Stria vascularis..........ceocsisiacns . 356
e Plandsi e, 158, 159 | Striated muscular fibres... ........ 87
—— MEmMbBraNes ..omeeeeaiesiienes 99 265 | Striped muscular fibres .. ....... 87
Sertoli, columns of...ueeemieeiaenas 221 | Stripes of Retzivs... ..... .. o 166
Sharpey's fibres.....ccoeer voveneeee. 53 ‘ SubCUtANea . ...cuniisesnusnnnss hierideat ] HEL)
Sheath, Henle's..oooveeriecvnenss eeee » 118 | Submucosa........ 154, 156,172, 174
Simple epithelium. .cccceneeiiiiennee. 19 ‘ 177,178, 181, 183, 193, 196, 216

Sinus pocularis .......coecveena 281, 232

239, 241, 244.


















COLUMBIA UNIVERSITY LIBRARIES

This book is due on the date indicated below, or at the
expiration of a dehnite period after the date of borrowing, as
provided by the library rules or by special arrangement with
the Librarian in charge.

DATE BORROWED DATE DUE

DATE BORROWED

DATE DUE




Tuttle

Principles of histology.







