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PREFACE TO THE SIXTH EDITION.

Tais Book is written with the object of supplying the student with
directions for the microscopical examination of the tissues. At the
same time it is intended to serve as an Elementary Text-book of
Histology, comprising all the essential facts of the science, but
omitting unimportant details, the discussion of which is only cal-
culated to confuse the learner. For a similar reason references to

authorities have also generally been omitted.

For conveniently accompanying the work of a class of medical
students, the book is divided into forty-six lessons. Each of these
may be supposed to occupy from one to three hours, according to
the relative extent to which the preparations are made beforehand
by the teacher, or during the lesson by the students. A few of
the preparations cannot well be made by a class, but it has been
thought advisable not to injure the completeness of the work by

omitting mention of them.

Only those methods are recommended upon which experience has
proved that full dependence can be placed, but the directions given
are for the most part capable of easy verbal modification in accord-

ance with the ideas or experience of different teachers,
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THE ESSENTIALS OF HISTOLOGY.

INTRODUCTORY.

ENUMERATION OF THE TISSUES AND THE GENERAL
STRUCTURE OF ANIMAL CELLS.

Animal Histology! is the science which treats of the minute strue-
ture of the tissues and organs of the animal body ; it is studied with
the aid of the microscope, and is therefore also termed Microscopical
Anatomy.

Every part or organ of the body, when separated into minute
fragments, or when examined in thin sections, is found to consist
of certain textures or tissues, which differ in their arrangement in
different organs, but each of which exhibits characteristic structural
features.

The following is a list of the principal tissues which compose the
body :—

1. Epithelial,

2. Connective : Areolar, Fibrous, Elastic, Adipose, Lymphoid,
Cartilage, Bone.

3. Muscular: Voluntary, Involuntary or plain, Cardiac.

4. Nervous.

Some organs are formed of several of the above tissues, others
contain only one or two,

It is convenient to include such fluids as the bload and Iymph
amongst the tissues, because they are studied in the same manner
and contain cellular elements similar to those met with in some of
the other tissues,

All the tissues are, prior to differentiation, masses of cells (embryonic
cells) In some tissues other tissue-elements become developed
which take the form of fibres. Thus the epithelial tissues are com-
posed throughout life entirely of cells, only slightly modified in

! From irrés, & web or texture.
A



2 THE ESSENTIALS OF HISTOLOGY.

structure, and the nervous and muscular tissues are formed of cells
which are greatly modified to form the characteristic fibres of those
tissues. On the other hand, in the connective tissues an amorphous

material becomes formed between the cells which is termed infércellular
substance or ground substance, and in this substance fibres make their
appearance, sometimes, as in the fibrous connective tissue, in so large
an amount as to occupy the whole of the intercellular substance, and
greatly to preponderate over the ecells. This ground substance has
the property of becoming stained brown or black by nitrate of silver,
in which case the cells which remain unstained look like white spaces
{cell-spaces) in the ground substance. When an epithelial tissue is
similarly treated, the narrow interstices between the cells are also
stained, from which it may be conecluded that a similar substance exists
in small amount between the cells of this tissue. It has here been
termed cement-substance, but it is- better to apply to it the general
term intercellular substance.

The cells of a tissue are not always separate from one another, but
are in many cases connected by fine threads of the cell-substanee, which
pass across the intercellular spaces. This is especially the case with
the cells of the higher plants, but it has also been found to oceur in
animal tissues, as in some varieties of epithelium and in cardiac and plain
muscular tissue,

Cells.—A cell 1s a minute portion of living substance or profoplasim,
which is sometimes inclosed by a cell-membrane and always contains a
specially differentiated part which is known as the nucleus.

The protoplasm (cyfoplesm) of a cell (fig. 1, p) is composed of

I; albuminous  or nucleoproteid substances, with which lecithin, a

FiG. 1.—DI1AGRAM OF A CELL, HIGHLY MAGNIFIED,

P, protoplusm, consigting of hyaloplasm and a network of spongioplasm @ er, exoplasm ;
ened, endoplasm, with distinet granules and wvaenoles ; ¢, donble centrosome; n,
nuclens ; #', nucleolus. , ) .

combination of fatty acid with glycerophosphoric acid, and choles-
lerin, a monatomic alcohol, having many of the physical characters
of fats, appear always to he associated, The protoplasm tends
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during life to exhibit movements which are apparently spontaneous,
and when the cell is uninclosed by a membrane a change
_in the shape, or even in the position of the cell, may be thereby pro-
dueced. This is characteristically shown in the movements of the
unicellular organism known as the amwba (fig. 2); hence the name
ameboid movement, by which it is generally designated.! The proto-
plasm often exhibits a granular appearance. This is sometimes due to
the fact that it contains a very fine reticulum or spongework, which
- appears under high powers of the microscope in the form of a network
(fig. 1), the remainder of the protoplasm being a clear soft substance
which oceupies the interstices of the reticulum, and may also cover the

By i Fi b
FiG. 2.—SUCCESSIVE CHAXGES EXHIBITED BY AN AMEBA. (Verworn.)

surface or project beyond the rest of the cell. The granular appear-
ance above mentioned is often caused by the knots in the network
appearing when imperfectly observed as separate granules. The
material which forms the reticulum is termed spongioplasm ; the clearer
material which occupies its meshes is hyaloplasim. The protoplasm of
a cell often, if not always, includes actual granules of a proteid
nature ; but it is uncertain whether such granules are essential con-
stituents of the protoplasm (as contended by Altmann) or materials
which have been formed by the protoplasm, and which are in a sense
accidental inclusions. That they are of great importance appears to
be evident from the fact that many of the chemical changes of cells

1The amaeboid phenomena of cells will be studied later (in the colourless blood-
corpusecles) (Lesson V.),
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oceur in them. Besides the granules above referred to, which may
perhaps be regarded as actnal constituents of the protoplasm, others
occur which are not thus to be regarded, such as pigment granules,
fat globules, and vacuoles containing watery fluid, with or without
alycogen or other substances in solution. Materials which are thus
included in the protoplasm of a cell are either stored up for the
nutrition of the cell itself, or are converted into substances which are
eventually extruded from the cell in order to serve some purpose
useful to the whole organism, or to be got rid of from the body. The
term ET‘:’IEE{M.’H has sometimes been given to any such material within
a cell other than the actual protoplasm. Paraplasm is often present
in sufficient quantity to reduce the protoplasm to a relatively small
amount, the bulk of the cell being occupied by other material, as when
starch becomes collected within vegetable cells or fat within the cells
of adipose tissue. It is frequently the case that the paraplasmic and
granular material is confined mainly to the middle of the cell in the
neighbourhood of the nneleus, an external zone of the protoplasm
being left clear. The two portions of protoplasm which are thus some-
what imperfectly differentiated off from one another are termed respec-
tively the endoplasm and the exoplasim (fig. 1). They are exhibited in
the amaeba (fig. 2), and also in the white blood-corpusele (fig. 3).

According to Biitschli the apparent reticulum or spongioplasin of a cell is
the optical effect of a soft honeveomb or froth-like structure: in other
words, the meshes of the reticulum do not communicate with one another
as in a sponge, but are closed cavities as in a honeycomb. Biitschli finds
indications of the same alveolar structure in all cells, ineluding nerve-fibres
and muscle-fibres, and has devised experiments with drops of froth made up
of a mixture of oil and alkaline carbonate, which, when examined in water
under the microscope, imitate very closely not only the structural appearance
but even the so-called spontaneous or ameehoid movements of actual proto-
plasm. 1t may be stated, however, that although it is a matter of difheulty
to determine whether microscopic reticulum is a sponge work or a honey-
comb, it is probable that neither structure is essentia t:ub]!i‘l-‘in substance for
the outermost layer of the cell protoplasm, which is usually the most active
in exhibiting movements, often shows no indication of such strocture. Nor
15 a “froth” necessary for the imitation of amwboid movements, for similar
movements due to changes in surface tension are brought about in a simple
oil drop or in a drop of oil-clad albumen when brought in contact with
solution of soap or of any alkali (Berthold, Quincke). A '

There are indeed strong physical grounds for believing that a very fine
pellicle covers the exterior of the protoplasin of all free cells, and that this
pellicle is composed of a material whiuﬁ, although not soluble in water, i=
permeable to watery fluids, and also allows the passage of solids into the
interior of the cell.  Such a material might be furnished by the lecithin and
cholesterin, which are, as we have seen, constant constituents of cell-
protoplasm.

Properties of living matter. — Living cells exhibit (1) deritabidity or the
property of responding to stimuli; (2) chemical changes which result in
assimilation or the taking in of nutrient matter and converting it into living
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substance, and disassimilation, the property of breaking down or getting rid
of such substance ; (3) reproduction vesulting in the multiplication of cells.
Of these properties Eﬂ and (3) are certainly governed or influenced by the
cell-nucleus, and (3) appears to be usually initiated by the centrosome (see
below). The it'l‘itﬂhilflt-f of the cell depends, however, mainly upon the
protoplasm itself. It is in conzequence of this property that protoplasm
reacts, sometimes by contraction sometimes by relaxation, to mechanical,
«hemical, thermal, and electrical stimuli, and in the case of some cells (e.g.
the pigment-cells and cones of the retina) to the stimulus of light. The
amozboid movements of cells are a manifestation of their irritability, being
produced and influenced by various external conditions and stimuli.  Some-
times the result of a stimulus is to cause a cell to move towards the source
of excitation (attraction); in other cases the movement is in the reverse
direction (repulsion). The terms positive and negative chemotaxis, photo-
taxis, thermotaxis, and the like, are used to indicate the nature of the effects
produced by these varions forms of stimulation.

Attraction-sphere and centrosome.—In some cells there are fine
but distinct striee or fibrils (eyfomitome) running in definite diree-
tions. These are very commonly met with in fixed cells, such

FiG. 3.—ANX AMGEBOID CELL (WHITE Fi16. 4—A CELL (WHITE BLOOD-CORPUSCLE)

CORFUSCLE OF XNE WT} VERY HIGHLY HHOWING ITS ATTEACTION-SPHERE.
MAGNIFIELL (Wilson, after M. Heidenhain., )
‘Bhowing a double nucleus with recticulum In this, as in most cases, the attraction-sphere, a,

of chromoplasm, and the protoplasin com- lies mear the nuclens, n.

posed of two portions, a elearerexoplasm,

and a granular-looking endoplasm,
as various kinds of epithelinm-cells, nerve-cells, and muscle-cells.
But besides these special differentiations, which appear to be related
to special functions, there are other fibril-like structures in the
cell-protoplasm, associated with what is known as the affraction-
particle or centrosome (figs. 1, 4). This is a minute particle, nsually
sitnated near the nucleus, and staining darkly with iron-hematoxylin.
It is surrounded by a clear area (alfraction-sphere), and from it radiate
into the surrounding protoplasm a number of fine fibrils with dot-like
enlargements at intervals. The attraction-sphere, with its central
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particle, was first noticed by Ed. v. Beneden in the ovum or egg-cell,
and was at first supposed to be peculiar to the ovum, but it has now
been recognised (by Flemming and others) in very many cells, both
animal and vegetable, and is of nearly universal ocenrrence. It is very
frequently double (fig. 1), the twin spheres being connected by a
spindle-shaped system of delicate fibrils (achromatic spindle): this
duplication invariably precedes the division of a ecell into two.

-+ In some cells the centrosomes are multiple ; this is frequently the case with
lencoeytes and always with the giant-cells of bone marrow. The material
which immediately surrounds the centrosome, and of which the radiating
fibres and the fibres of the spindle are composed, is considered by some to be
distinct in nature from the general protoplasm : it has been termed the
arehoplosin. It appears clear that in some cells the centrosome and archo-
plasm may have an existence independent of one another ; thus no centro-
some has been found in the cells of the hiﬁhe_rhplnnts, although the
archoplasmic fibres are very distinet during cell-division.

A celllmembrane is rarely distinet in animal cells, nor has its
chemical nature been sufficiently investigated. When present, it is
usnally formed by transformation of the external layer of the
protoplasm.

The nucleus of the cell (fig. 1, #) is a minute vesicle, spherieal, ovoid,
elongated, annular, or irregularly lobulated (see figs. 1, 3, 4, 5) in shape,
embedded in the protoplasm. Cells have sometimes two or more nuclei.
The nueleus is bounded by a membrane which incloses a elear sub-
stance (nuclear hyaloplasm, Laryoplasi), and the whole of this substance
is generally pervaded by an irregular network of fibres, some coarser,
others finer (nuclear reticulum, karyomitome). The membrane is the outer-
most layer of the nueclear reticulum, and may itself have meshes like a
basket-work, thus allowing of a direct communication between the
hyaloplasm of the cell and that of the nucleus. The knots of the
nuclear reticulum are sometimes very distinet and give an appearance
of granules within the nucleus (pseudonuclesli). The nuclens usually
contains a very distinet highly refracting spherical particle known as
the nuecleolus, which is sometimes multiple, and occasionally has a
vacuole-like globule in its interior. The material of the nucleolus
differs somewhat in its chemical and staining reactions from the
nuelear reticulum, but prior to cell-division it becomes indistinguishable
from the substance of the nuclear fibres. Whether it blends with them
or becomes absorbed and removed is at present uncertain. = The
nuclear membrane, intranuclear fibres, and nucleoli all stain deeply
with hwematoxylin and with most basic dyes; this property distin-
cuishes them from the nuclear matrix, and they are accordingly spoken
of as ehromatic (containing chromafin, which in the nueleus appears to
he chemically identical with nuclein), the hyaloplasm bheing achromatic.
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Sometimes instead of being united into a network the intranuclear
fibres take the form of convoluted filaments, having a skein-like
appearance (fig. 6). This is always the case when a nucleus is about

Fic. H.—UELL FROM BONE-MARROW. Fic. 6.—GLAND-CELL OF CHIRONO-
(Carnoy.) MUS. (Flemming.)
7 asm with fine reticulum; n,
nueleus, long and folded, with intra-
nuclear network.,

to divide, but it may also oceur in the resting condition. These
filaments may sometimes be seen with very high magnifying powers to
be made up of fine juxtaposed particles arranged either in single or
double rows (fiz. 7), which may impart a
cross-striated appearance to the filament.
The nuclear fibres are sometimes cluomped
together into a solid mass which com-
prehends the nueleolus when present,
and has the appearance of an enlarged
nucleolus. The fibres within the nuelens
have been observed to undergo spon-
taneous changes of form and arrange-
ment, but these become much more
evident during its division. The division
of the protoplasm is always preceded by
that of the nucleus, and the intranuclear yic. 7. —SperyaToCYTE 0F sALA-

- - L =L L 3 MANDER, SHOWING NUCLEAR FIL-
= { Y 1Nringe 1 (1vi 1 1 ?
fibres undergo during its l. SION 8 88TIES. | yrvire” couPOSED OF DOUBLE
of remarkable transformations which are ROWS ]mr {-iu]n-m.:-;w (cHROMO-
: MERES). ilson, after Her-
known collectively by the term laryo-  jpaun.) : ’

kinesis (Schleicher) or mifosis (Flemming). ¢ double ﬁﬂnt"ﬁﬁ::hcl:ith conneeting

These changes may easily be studied in

the division of epithelinm-cells (fig. 8), but exactly similar phenomena

have been shown to occur in cells belonging to the other tissues.
The simple division of a nuclens by a process of fission without

karyokinetic changes is termed amifotic division: it oceurs in com-
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paratively rare instances, and is not usually followed by the division
of the cell, so that it is apt to result in the formation of multi-
nucleated cells like some of the giant cells of bone-marrow.

The nuclens of the cell is not only concerned with its division and
multiplication in the manner shown below, but takes an active part
in the chemical (metabolic) processes which oceur in the protoplasm.

Fic. 8 —EPITHELIUM-CELLS OF SALAMANDER LARVA IN DIFFEREST PHASES OF
DIVISION BY KARYORINESIS. (Flemming.)

Hence cells deprived artificially of their nuclei do not assimilate
nourishment, and lose any power of secretion they may have pos-
sessed, although the protoplasm may continue for a time to live and
exhibit ameeboid movements.

Division of cells.—The division of a cell is preceded by the division
of its attraction-sphere, and this again appears to determine the division
of the nuclens. The latter, in dividing, passes through a series of
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remarkable changes (figs. 8 to 13), which may thus be briefly sum-
marised :—

1. The network of chromoplasm-filaments of the resting nuclens
becomes transformed into a sort of skein, formed apparently of one
long convoluted filament, but perhaps in reality of a number of
filaments (spirem stage, fig. 9, 4); the nuclear membrane and the
nucleoli disappear or are merged into the skein (fig. 8, a to ).
Sometimes the skein becomes looped in and out of a central space ;
this form has been termed the rasetle (e).

Fic. 9.—THE PRINCIPAL PHASES OF THE NUCLEAK CHROMATIN FILAMENTS [N THE
PROCESS OF KARYOKINESIS SHOWN IN MORE DETAIL.  (Flemming.)

A, skein or spirem stage ; B, aster with splitting of chromosomes ; €, separation of the
Sloplroen! NEMSou1] O URTRRTE Lo oposamtad ff st th s 14 Dk Hass amdergons
divigion at this stage.

2. The filament breaks into a number of separate portions, often
V-shaped, and termed chromosomes. The number of chromosomes
varies with the species of animal or plant ; in some animals the dividing
nuclel may contain at this stage only four chromosomes ; in man there
are said to be sixteen ; in other animals twenty-four or more. As soon
as they becom@distinct they are usually arranged radially around the
equator of the nucleus like a star (aster, fig. 8, f, ¢; fiz. 9, B).

3. Each of the chromosomes splits longitudinally into two, so that
they are now twice as numerous as before (stage of cleavage, fig. 8,
4, h; fig. 9, B). This longitudinal cleavage may occur at an earlier
stage.
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4. The fibres separate into two groups, the ends being for a time
interlocked (stage of ??{ffﬂﬁ‘iﬂﬁtﬂfﬁ, fig. 8,4, 5, k; fig. 9, C, D).

Fic. 11.—A XUCLEUS AT A STAGE

SIMILAR TO THAT SHOWN IN THE
- LAST FIGURE, BUT SEEN FROM
R ONE OF THE POLER INSTEAD OF

Fra. 10.—A DIVIDING OELL, SHOWING ATTRACTION- I¥ PROFILE. THE SPINDLE 15
PARTICLE AT FEITHER POLE OF XNUCLEUDS FROM REPRESENTED FORESHORTENED.
WHICH THE GRANULES OF THE PROTOPLASM ARE HiGHT CHREOMOSOMES ARE RE-
SEEN RADIATING, AND WITH WHICH ALSO THE PRESENTED. (Rabl.)
SPINDLE-SHAPED SYSTEM OF ACHROMATIC FIBRES . 4. oue snindle with central
TRAVERSING THE NUCLEUS IS CONNECTED. THE ’,..;.larpuﬂ.iu]e: , outline of nuelens:
CHROMOBOMES, 21X IN NUMEEH, ARE ARRANGED e, chiromatin loops,

ASTHALLY AT THE EQUATOR OF THE SFPIKDLE.
{ Rabl.)

i, central particle; b, polar radiation {cytaster) orattraction-
Srhun:; ¢, muglens ; o, chromatin loop, cleft longitudin-
ally ; ¢, eell substance.
5. The two groups pass to the opposite poles of the now elongated
nuclens and form a star-shaped figure at either pole (dyaster, fig. 8, [;
fiz. 9, F). Each of the stars represents a daughter nucleus,

Fic. 12. —SPERMATOCYTES OF SALAMANDER SHOWING V-SHAPED CHROMOSOMES
AT THE EQUATOR OF THE SPINDLE. (Wilson, after Driiner.)

A, seen in profile ; four chromosomes only are represented,
B, seen end-om,  All vwenty-four chromosomes are represented ; the fibrils of the
spindle are seen in optieal seetion.

6, 7, 8. Hach star of the dyaster goes through the same changes as
the original nucleus, but in the reverse order—viz. a skein, at first
more open and rosette-like (fig. & m; fig. 9, F), then a closer skein
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(fig. 8, n), then a network (fig. 8 o, p, ¢); passing finally into the
typical reticular condition of a resting nucleus.

Fic., 13, —IMAGRAM SHOWING THE CHANGES WHICH OCCUR IN THE CENTRO-
SOMES AND NUCLEUS OF A CELL IN THE PROCESS OF MITOTIC DIVISION.
The nuecleus is supposed to have four chromesomes,

The protoplasm of the cell divides soon after the formation of the
dyaster (fig. 8 m). During division fine lines are seen in the proto-
plasm, radiating from the centrosomes at the poles of the nucleus,
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and other lines forming a spindle-shaped system of achromatic fibres lie
within the nucleus, diverging from the poles towards the equator (figs.
10 to 13). These are usually less easily seen than the chromatic fibres,
but are not less important, for they are derived from the attraction-
spheres. These, with their centrosomes, as we have seen, always
initiate the division of the cell ; indeed they are often found divided in
the apparently resting nuclens, the two particles being united by a
small system of fibres forming a minute spindle at one side of the

Fig. 14.—FORMATION OF THE POLAE GLOR-
ULES AND REDUCTION OF THE NUMBER OF
CHROMOSOMES IN THE OVUM OF ASCARIS
MEGALOCEPHALA.

A, B ovum showing division of nueleus to form
first polar globule (v. Gehuchten), wm, gelatin-
ous envelope of ovam ; m', membrane dividing
t|11_-dp-::|l:u' globule from the ovum; es (in A),
head of spermatozoon,

¢, formation of second polar globule (Carnoy);
o, firat; g2, second polar globule; &, nucleus
of ovum, now containing only two chromo-
somes ; ng, nuelens formed from head of sper.
matoznomn.

nucleus (fig. 1).  When mitosis is about to take place this spindle
enlarges, and as the changes in the chromatin of the nucleus which
have been above described occur—which changes involve the disappear-
ance of the nuclear membrane—the spindle gradually passes into the
middle of the mitotic nucleus, with the two poles of the spindle at the
poles of the nuclens, and with the fibres of the spindle therefore com-
pletely traversing the nucleus (fig. 13). These fibres appear to form
directing lines, along which the chromosomes pass, after the cleavage,
towards the nuclear poles to form the daughter nuclei. In some
cells, especially in plants, the line of division of the protoplasm of
the cell becomes marked out by thickenings upon the fibres of the



DIVISION OF CELLS. 13

spindle which oceur just in the plane of subsequent division,

E P

Fic. 15.—FERTILISATION AND FIRST DIVISION OF OVUM OF ASUARIS MEGALO-

. CEPHALA (slightly medified from Boveri and Wilson).

A, second polar globule just formed ; the head of the spermatozoon is becoming changed
into a reticular nucleus { 4, which, however, shows distinetly two chromosomes |
just above it, its archoplasm is shown : the egg-nucleus () also shows two chromo-
SOTNEE,

B, both germ nuclei are now reticular and enlarged ; a double centrosome (o) is visible
in the archoplasm which lies between them.

, the chromatin in each nucleus is now converted into two filhmentous chromosomes ;
the controsomes are separating from one another,

D, the chromosomes are more distinet and shorter; the nuelear membranes have dis.
appeared ; the attraction-spheres are distinet,

K, n}:ngling aneg splitting of the four chromosomes (g) ; the achromatic spindle (a) is

ully formed.

F, separation (towards the poles of the spindle) of the halves of the split chromosomes,
and commencing divis of the evtoplasm. Each of the daunghter cells now has

four chromosomes ; two of these have been derived from the ovum nmucleus, two
from the spermatozoon nuelens,

and have been termed collectively the cell-plate.  But in most
animal cells no cell-plate is formed, the protoplasm simply becoming
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constricted into two parts midway between the two daughter
nuclei. Fach daughter cell so formed retains one of the two
attraction-particles of the spindle as its centrosome, and when the
danghter cells are in their turn again about to divide this centrosome
divides first and forms a new spindle, and the whole process goes on as
hefore. \

Usually the two daughter cells are of equal size; but there is a
notable exception in the case of the ovam, which, prior to fertilisation,
divides twice into two very unequal parts, the larger of which retains
the designation of ovum, while the two small parts which become
detached from it are known as the polar bodies (fig. 14). Further, in the
formation of the second polar body the chromosomes do not undergo
longitudinal cleavage, so that the nucleus of the ovum, after the polar
hodies are extruded, contains only one half the number of chromosomes

[
Fiiz. 16.—PHASES OF DIVISION OF A CANCER CELL INTO THREE PARTS (TRI-
POLAR MITOR1S). (Wilson, after Galeotti.)

that it had previously (e.g. eight in place of the normal sixteen in man,
and two instead of four in Ascaris megalocephala, fig. 14, '), Should
fertilisation supervene the chromosomes which are lacking are supplied
by the male element (sperm cell), the nuecleus of which has also under-
gone, in the final cell division by which it was produced, the process of
reduction in the number of chromosomes to one half the normal
number: so that when the two reduced nuclei (which are known
within the ovum as the germ nuclei or the male and female pronuclei)
blend, the ovum again contains a nueleus with the number of chromo-
somes normal to the species (fig. 15). When it divides after fertilisation
each daughter eell is found to contain the normal number of chromo-
somes derived from the splitting of both male and female elements,
half the number from the one and half from the other.

Occasionally the division of a nucleus is into three or more parts
instead of two. In such cases the centrosome becomes correspondingly
multiplied and the achromatic system of fibres takes a more complex
form than the simple spindle (see fig. 16).



Fra. 17.—FORMATION OF BLASTODEREM IN RABBIT BY DIVISION OF OVUM INTO
A NUMBER OF CELLS, (Allen Thomson, after E. v. Beneden.)

a to e, division of ovam and formation of * mul masa *; p pl, polar globules ;
cot, ent, colls of primary division from which, according to v, Beneden, the ectoderm
and entoderm are respectively developed. This early differentiation is not, however,
uceepted by most anthorities. 7 to d, sections of the ovam in subsequent stages,
zp, membrane of ovam (zona pellucida); ect, ectoderm; end, entoderm. he
avefimulation of Auid between ectoderm and entoderm in i, ki, and @ has swollen the
ovum out to form the so-called blastodermic vesicle,
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Formation of the tissues.—It appears to be established beyond
doubt that new cells can only be formed from pre-existing cells.
In the early embryo the whole body is an agglomeration of cells.
These have all heen formed from the evum or egg-cell, which divides
first into two cells, these again into two, and so on until a large
number of cells (embryonic cells) are produced. Eventually the
resultant cells arrange themselves in the form of a membrane (blasto-
derm) which is composed of three layers. These layers are known
respectively as the ectoderm or epiblast, the mesoderm or mesoblast, and
thee entoderm or hypoblast.  The ectoderm gives rise to most of the
epithelial tissues and to the tissues of the nervous system; the ento-
derm to the epithelium of the alimentary canal (except the mouth), and
the glands in connection with it ; and the mesoderm to the connective
and muscular tissues.

The tissues are formed either by changes which oceur in the inter-
cellular substance, or by changes in the cells themselves: frequently

Fig, 18— SECTION OF THE RABEIT'S BLASTODERM SHOWING THE COMMENCING
FORMATION OF THE MESODERM. (Kiélliker.)

ep, ectoderm or epiblast ; ﬁ,:.r entoderm or hypoblast ; we, mesoderm or mesoblast ; ax,
axial part of epiblast with eells undergoing division ().

hy both these processes combined. The cells which are least altered
from their embryonic condition are the white corpuscles of the blood,
and these may be regarded therefore as typical cells.

The histogenetical relation between the three layers of the blasto-
dlerm and the several tissues and organs of the body is exhibited in the
following table :—

i The uliuthn.hmn of the skin or epidermis, and its a p]ilelldw, viz., the hairs,

15, sebaceous and sweat glands, and mammary gla

The epithelium of the mouth, and of the anus and anal canal. The epithelium

the salivar T{ and other gllmda which open into the mouth. The enamel of

the tecth. ¢ pustatory organs,

Ectoderm Tlmicpithﬁlium of the nasal passages, and the cavities and glands which open
ar nto them.

Epiblast. The epithelinm mw:rinﬁ the front of the eye. The er ahal.lil.:n lens. The retina.

The epithelium lining the membranocus labyrinth of ©

The epithelium lining the contral canal of the spinal mrd. the nquadunt of
Sylvias, and the fourth, third, and lateral ventricles of tha bnln..

The tissues of the nervous s:.'stam

The pitnitary body. The pineal gland.

-
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LESSON I

USE OF THE MICROSCOPE. EXAMINATION OF
CERTAIN COMMON OBJECTS.

Fia. 19.—DI1AGRAM OF MICEOSCOPE.

Tue requisites for practical histology
are a good compound microscope ; slips
of glass technically known as ‘slides)
upon which the preparations are made ;
pieces of thin glass used as covers for
the preparations ; a few instruments,
such as a microtome, a scalpel, scissors,
forceps, and needles moun in wooden
handles ; and a set of fluid re-agents
for mmmtin%; and staining microscopic
preparations,! A sketch-book and pencil
are also necessary, and must be constantly
employed.

’Phe microscope (fig. 19) consists of a
tube (£¢) 160 millimetres long (64 inches)
having two systems of lenses, one at the
upper end termed the ‘eye-piece’ or
‘ocular’ (oc), the other at the lower end,
termed the ‘objective’ (oby). For ordi-
nary work there should be at least two
objectives—a low power working at about
8 millimetres (} inch) from the object,
and a high power, having a foecal dis-
tance of about 3 millimetres (} inch) ;
it is useful also to have a lower power
(commanding a larger field of view) for
readily finding objects, and two or more
oculars of different power. The focus is
abtained by cautiously bringing the tube
and lenses down towards the object by
the coarse adjustment, which is either a
telescopic or a rack-and-pinion movement
(adj), and focussing exactly by the fine
adjustment, which is always a finely cut
screw (adj’).

The stage (sf) upon which the prepar-
ations are placed for examination, the
mirror (m) which serves to reflect light
up through the central aperture in the
stage and along the tube of the instrument,
and the diaphragm (d) below the stage

! The directions for making the principal fluids used in histological work will be

found in the Appendix.
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which is used to regulate the amount of light thus thrown up, are all

arts the employment of which is readily understood. A substage con-
enser (not shown in the diagram), which serves to concentrate the light
thrown up by the mirror to the centre of the object, is valuable when
hi%[!]h powers and stained preparations are employed.

e combinations of objectives and oculars above referred to will
generally give a magnifying power of from 50 to 400 diameters, and this
18 sufficient for most purposes of histology. But to bring out minute
points of detail in the structure of cells and of certain tissues examination
with much higher magnifying powers may be necessary. Objectives of
high power are usually made as immersion-lenses ; i.e, they are constructed
to form a proper image of the object when the lowermost lens of the
system 1s immersed in a layer of liguid which lies on the cover-glass of
the object and has a refractive index not far removed from that of the
glass itself. For thizdpurpnse either water or an essential oil (oil of cedar-
wood) is used. The advantages obtained by the employment of these lenses,
- especially those for oil-immersion, are increased working distance from the
object, increased angle of aperture with sharper definition of the object,
and increased amount of light traversing the microscope.

The best lenses for histological work are made of the so-called ‘apochro-
nlllat:ic’ glass ; specially constructed ‘compensating’ eye-pieces are used with
these,

A scale for measuring objects should be constructed for each microscope.
To do this, put a stage-micrometer (which is a glass slide ruled in the centre
with lines and t}; millimetre apart) under the mieroscope in such a
manner that the lines run from left to right (the microscope must not be
inclined). Focus them exactly. Put a piece of white card on the table at
the right of the microscope. Look through the instrument with the left
eye, keeping the right eye open. The lines of the micrometer will appear
projected upon the paper. Mark their apparent distance with pencil upon
the card, and afterwards make a scale of lines in ink, of the same interval
apart. A magnified representation is thus obtained of the micrometer
scale. Mark upon it the number of the eye-piece and of the objective,
and the length of the microscope-tube. This scale-card will serve for the
measurement of any object without the further use of the micrometer.
To measure an object, place the scale-card upon the table to the right of
the microscope and view the object with the left eye, keeping the right
eye open. The object appears projected upon the scale, .'mf]l its size in 4%
or yfg of a millimetre can be read off. It is important that the same
objective and eye-piece should be employed as were used in making the
scale, and that the microscope tube s]]muld be of the same length. The
lines on English stage-micrometers are often ruled ;{4 and 45 inch apart.!

Before beginning the study of histology the student should endeavour
to familiarise himself with the use of the microscope, and at - the same
time learn to recognise some of the chief objects which are liable to occur
accidentally in microscopie specimens. On this account it has been con-
sidered desirable to introduce directions for the examination and recogni-
tion of starch-granules, moulds and torulw, air-bubbles, linen, cotton, and
woollen fibres, and the usual constituents of the dust of a room, into the
first practical lesson,

1. Examination of starch-granules, Gently scrape the cut surface of a
otato with the point of a knife ; shake the starch-granules so obtained
into a drop of water upon a elean slide and apply a cover-glass,

With the low power the starch-granules look like dark specks differing

1For the method of measuring with an ocular micrometer, and for determining
the magnifying power of a microscope, the reader is referred to the author’s
Course of Practical Histology.
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considerably in size; under the high power they are clear, flat, ovoid
particles (fig. 20, S¢), with a sharp outline when exactly focussed. Notice
the change in appearance of the outline as the microscope is focussed up
and down. On cﬁ examination fine concentric lines are to be seen in the

5

Fig. 20.—ORGANIC MATTERS FREQUENTLY PRESENT IN DUST. (Heitzmann.)

&, fibres of silk ; €, of cotton ; L, of linen, W, of wool ; F, feather ; St atarch-mc.nulm 104,
cork ; O, torule ; M, myceliom or threads of mildew ; Me, micrococei ; B, terin ; L,
leptothrix filuments (500 dinmeters).

granules arranged around a minute spot which is generally placed eccen-
trically near the smaller end of the granule. Sketch two or three starch-
granules.

Notice the appearance of air-bubbles in the water. If comparatively
large they are clear in the middle, with a broad dark border due to
refraction of the light ; if small they may look entirely dark.
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2. Examine some yeast which has been grown in solution of sugar.
Observe the yeast-particles or torulwe, some of ‘them budding. Each tor rula
<contains a clear vacuole, and has a wel] defined outline, due to a membrane,
Sketeh two or three tnmlm

3. Examine some mould (Penicilliom or Mucor) in water. Notice the
long branching filaments (hyph:e), and also the tornla-like particles (spores)
from which ﬁphaﬁ may 1n some instances be seen sprouting. Sketch
part of a hypha.

4. Examine fibres of linen and of cotton in water, using a high power,
Compare the well-defined, relatively coarse, striated, and slightly twisted
linen, with the longer, thinner, and more twisted cotton-fibres. Sketch
one of each kind.

5. Mount two or three hairs from the head in water and look at them,
first with the low, then with the high power. Examine also some fibres
from any woollen material and compare them with the hairs. They have
the same structure, although the wool is finer and is curled ; its structure
may be partly obscured by the dye. Draw one or two woollen fibres.

6. Examine some dust of the room in water with a high power. In
addition to numerous groups of black particles of carbon (soot) there will
]'{I‘ﬂbﬁ‘i.r]y be seen fibres of linen, cotton, or wool; and shed epithelium-cells

erived from the epidermis,
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LESSON II.
STUDY OF THE HUMAN BLOOD-CORPUSCLES.

1. Havixe cleaned a slide and cover-glass, prick the finger and mount a
small drop of blood quickly, so that it has time neither to dry nor to
coagulate. Examine it at once with the high power.
ote (a) the coloured corpuscles mostly in rouleaux and clumps, but some

lying apart seen flat or in profile ; (&) the colourless corpuscles, easily made
out if the cover-glass is touched by a needle, on account of their tendency to
stick to the glass, whilst the coloured corpuscles are driven past by the eur-
rents set up; (¢) in the clear spaces, fibrin-filaments and elementary particles
or blood-tablets.

Sketch a roll of coloured corpuscles and one or two colourless corpuscles.
Count the number of colourless corpuscles in a field of the microscope.

2. To be made like 1, but the drop of blood is to be mixed upon the slide
with an equal amount of normal saline solution,! so that the red corpuscles
tend to be less massed together, and their peculiar shape is better displayed.

Sketch a red corpuscle seen on the flat and another in profile (or optical
section). Also a crenated corpuscle.

Measure ten red corpuscles, and from the results ascertain the average
diameter of a cm'pusclpe. Measure also the largest and the smallest you
can find,

3. Make a preparation of blood as in § 1 and put it aside to coagulate.
Keep the edges from drying by placing it in a moist chamber- or by
occasionally breathing upon it. After a few minutes place a drop of 1 p.c.
Spiller’s purple at one ec{ re of the cover and allow this to pass in and mix
with the blood : it may be drawn through the preparation by applying a
small piece of blotting paper to the opposite edge. The pﬂI‘p{B stains the
nuclei of the white corpuscles, the hl]irmL latelets, the network of fibrin-
filaments, and the mﬂmtmne:-: of the red blood-corpuscles.

The three preparations just described cannot be kept, but the two
following will serve as permanent preparations of blood :— :

4. To fix and stain the coloured corpuscles :—Place upon a slide a drop of
1 p.c. osmic acid mixed with an equal amount of saturated aqueous solution
of eosin.  Prick the finger, and mix the blood directly with the coloured
fluid, stirring them together with a needle. Cover the mixture and put
aside for an hour, protected from evaporation; then place a drop of
glycerine and water at the edge of the cover-glass.” When this has passed
under fix the cover-glass with gold size.

5. To study the granules of the colourless corpuscles and their different
reactions to staining reagents, a film of blood is inclosed between two cover-
glasses, which are at once separated and the film on each quickly dried in the
air. A slide may be used instead of a cover-glass ; the drop of blood is placed
close to the ground edge of one slide amf this is drawn evenly over the
middle of another. The films are fixed by immersion for one hour or more
in a mixture of aleohol and ether, equal parts of each. They are then
stained by (1) a saturated solution of eosin in 75 p.c. alcohol (three minutes),

! Made by dissolving from 6 to 9 grammes of common salt in 1 litre of water.



STUDY OF THE HUMAN BLOOD-CORPUSCLES. 23

Fic, 21. —HEMACYTOMETER SLIDE, RULED IN SQUARES FOE THE ENUMERATION
OF BLOOD-CORPUSCLES,

Fig. 22 —OLIVER'S APPARATUS FOR ESTIMATING THE NUMBER OF CORPURCLES
IN BLOOD BY MEANS OF THE OPACITY METHOD.

a, pipette for measuring blood : &, dropper for adding mixing solution ; e, ‘praduated
tube ; o, mode of observing.

i, b, 0, natural size.
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after which they are rinsed with water, and are then treated with (2) a
1 p.c. solution of methylene blue (one minute). The film is again rinsed
with water, rapidly dried, and mounted in xylol balsam.

6. Enumeration of the blood-corpuscles. This is done by some form
of blood-counter such as the hmmacytometer of Gowers, or the similar
apparatus of Thoma. This instrument consists of a glass slide glﬁ 21),
t]l:& centre of which is ruled into {% millimetre squares and surroun by a
glass ring {5 mm. thick (in Gowers' instrument, the ruling is into 1 mm.
squares with-a rin } mm. thick). There must also be provided a pipette
for measuring the blood (a convenient form is shown in fig. 22, tJS, con-
structed to hold about 5 cubic millimetres of fluid ; a dropper (fig. 22, b) to
deliver the diluting solution ; a small eylindrical mixing glass, not shown in
the figure, with a mark indicating 100 times the ca'fmci::]y of the blood
pipette ; a small glass stirrer, and a goarded needle. The diluting solution
may either be that of Hayem, viz. distilled water 200 cc., sulphate of soda 5
grms., common salt 1 grm., corrosive sublimate, 0-5 grm., or that of Marcano,
viz. 97 ce. of a solution of sulphate of soda in distilled water of sp. gr. 1020,
to which is added chloride of sodium 1 grm., and formol 3 cub. cent. A
little of this is first put in the mixing vessel, the finger is then pricked, and
the pipette filled exactly with blood (by capillarity). The blood is then
wnshm]l out of it with diluting solution, by aid ﬂi’ the dropper, into the
mixing vessel, which is now filled up to the 100 mark with diluting solution,
and the blood and this are thoroughly mixed. A drop of the mixture is next
placed in the centre of the cell, the cover-glass is gently laid on (so as to
touch the drop, which thus forms a layer % mm. thick between the slide
and cover-glass), and pressed down by two brass springs. In a few minutes
the corpuscles have sunk to the bottom of the layer of fluid and rest on the
squares. The number in ten squares is then counted, and this, multiplied
by 100, gives the number in a cubic millimetre of the mixture, or if again
multiplied by 100 (the amount of dilution) the number in a cubic millimetre
of blood.

For the enumeration of the white corpuscles the blood is diluted only 10
times instead of 100 times. It is also convenient to use one half per cent.
solution of acetic acid just coloured with methyl violet as a diluent F'l‘ihﬂnm}.
This destroys the coloured corpuscles and stains the nuclei of the white.

A rapid method of estimating the number of coloured corpuscles is that
devised by Oliver. The blood is taken up as before in a capillary pipette
(fig. 22, :.3, and is washed out of this witi Hayem’s fluid by the dropper,
b, into a flattened graduated glass mixer, ¢, the diluent being added until
the flame of a small wax candle in a dark room will just show clearly
through the mixture, when the vessel is held about three feet from the
candle and so that the light traverses the greater thickness of fluid. The
graduations are so arranged that for normal blood (5,000,000 corpuscles
Eel- cub. mm.), the mixture will now stand exactly at the 100 mark : if the

lood contain more or fewer corpuscles than normal, it will require a greater
or less dilution to attain the requisite translucency, and the mark at which
the mixture then stands will indicate the percentage of corpuscles as com-
pared with the normal.

The coloured blood-corpuseles.—The coloured corpuscles are com-
posed of a delicate colourless highly elastic (? protoplasmic) envelope,
and coloured fluid contents, consisting mainly of a solution of heemoglobin.
The existence of such an envelope is shown by the osmotic effect of
water upon the corpuscle, which passes in through the envelope,
distending, and eventually bursting the corpuscle and setting free the
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contents. The deseription which is current in many text-hooks that
the red corpuscles consist of a porous solid stroma, permeated with
dissolved haemoglobin, is incompatible with this and similar reactions.
Moreover, the envelope can be distinctly seen with the microscope,
especially in the amphibian corpuscle, and can be stained by reagents.
The envelope contains lecithin and cholesterin in relatively large

:
A7

F

Fic. 23. —HUMAN BLOOD-CORPUSCLES.  (Magnified about 1200 diameters. )

Three white corpuscles are represented. They ave slightly flattened, and henee appear
a little larger in diameter than if completely spherical. One of them—with coarse
granules—belongs to the cosimophil variety ; one—with fine granules—to the poly-
morphous variety ; whilst the third, which is smaller than the others, is a lym E
corpusele or lymphocyte. Its nucleus is simple and the protoplasm non-granular
(hyaline).

amount, and these substances would impart a certain greasiness to
the surface of the corpuscle. It is in all probability due to such
greasiness that the corpuscles run together into rouleaux when the
blood comes to rest (see p. 35).

Under the microscope the blood is seen to consist of a elear Huid
{plasma), in which are suspended the blood-corpuscles (fig. 23). The
latter are of two kinds : the red or coloured (erythrocytes), which are by
far the most numerous, and the white, pale, or colowrless (leucocytes). In
addition to these more obvious corpuseles, the blood contains a variable
number of minute particles which were termed by Zimmermann the
elementary particles of the blood, but which are now more usually known
as the blood-platelets on account of their flattened form.

Erythrocytes.—When seen singly the coloured corpuscles are not
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distinctly red, but appear of a reddish-yellow tinge. In the blood of
man and of all other mammals, except the Camelide, they are biconcave
circular disks. Their central part usually has a lightly shaded aspect
under a moderately high power (fig. 24, 1), but this is due to their
biconcave shape, not to the presence of a nuclens. They have, as just
stated, a strong tendency to become aggregated into rouleaux and
clumps when the blood is at rest, but if it is disturbed they readily
become separated.

If the density of the plasma is increased in any way, as by evapora-
tion, many of the red corpuscles become shrunken and erenated by
the passage of water out of the corpuscle.

Fic. 25, —F1BRIN-FILAMENTS AND
BLOOD-TABLETS.

A, nstwoi-:k of ﬁhﬁl';' ?h.crwn aftor Thlﬁ

; T : } away the corpuscles from a preparation
E ]fi 1‘3 1; 111;_111‘11:1;2;'.?513 A S ;::ngi‘ blood that has been allowed to clot ; many
i ) of the filaments radiate from small clumps
LECTED INTO ROLLS. (As seen of blood-tablets, B (from Osler), blood-

under moderately high power corpuscles and elementary particles or
of the microscope.) blood-platelets, within a small vein,

The average diameter of the human red corpuscle is 00075 milli-
metre! (about %5 inch), but a few will always be found somewhat
larger (0-0085) and a few somewhat smaller (0-0065 mm.).*

There are from four to five millions of coloured corpuscles in a
cubic millimetre of blood.

Leucocytes.—The colourless corpuscles of human blood are proto-
plasmic cells, averaging 0:01 mm. (44 inch) in diameter when
spheroidal, but they vary much in size. They are far fewer than the
coloured corpuscles, usnally numbering not more than eight to ten
thousand in a cubic millimetre (about 1 to 500 red corpuscles).

1 Also expressed as 75 u or micromillimetres ; a micromillimetre being 1444
millimetre.

2The following list gives the diameter in parts of a millimetre of the red blood-
corpuscles of some of the common domestic animals:—Dog, 0°0073 ; rabbit,
00069 ; cat, 0°0060 ; goat, 00041,
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Moreover, they are specifically lighter, and tend to come to the
surface of the preparation. If examined immediately the blood is
drawn, they are spheroidal in shape, but soon become flattened and
then irregular in form (fig. 26), and their outline continually alters,
owing to the amwmba-like changes to which they are subject. In some
kinds the protoplasm tends to take in foreign particles with which
the cells come in contact (phagocyles); in others there seems to be no
such tendency. Some of the colourless corpuscles are very pale and
finely granular, others contain coarser and more distinet granules in
their protoplasm ; others again have a hyaline protoplasm without any
apparent granules. In some corpuscles (lymphocytes) the protoplasm
forms only a relatively thin coating to the nucleus. The corpuscles
are classified according to the character and appearance of the nucleus

Fia. 26.—THREE AMEBOID WHITE COHPUSCLES OF THE NEWT, KILLED BY
INSTANTANEOUS APPLICATION OF STEAM.

i, eosinophil cell ; &, ymorphous cells, The nuelei appear multiple, but are seen to
be connected with fine filaments of nuelear substance traversing the protoplasm.

and the nature and staining qualities of the granules in the proto-
plasm. Thus some granules are readily stained by basic dyes
such as methylene blue, and such granules are accordingly termed
iil. Distinet coarse basophil granules are, however, rare in normal
blood, although white cells with these granules are normally present in
the marrow, and make their appearance in the blood in lencocythemia.
On the other hand, some granules more readily take up colour from
acid dyes, such as eosin, and these have been termed oxyphil or
eosinophil. Other granules (amphophil) are stained by both acid and
basic dyes ; and a fourth kind chiefly by neutral dyes (neufrophil). In
some cells more than one kind of granule is met with. The proto-
plasm may also contain clear spaces or vacuoles; it has the usual
reticular structure. Each leucocyte has at least one nucleus, which is
difficult to see in a fresh preparation, but is easily seen after the action
of most reagents and after staining. There is also a eentrosome with
attraction-sphere, but special methods of staining are necessary to
exhibit these. (See fig. 4 on p. 5.)
The following are the chief varieties of leucocytes :—1. Polymorphous
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cells with lobed or multipartite nuclei and a relatively large amount of
protoplasm, which is highly ameboid. These are often termed multi-
(poly-)nuclear, but the nucleus is scarcely ever really multiple, its
several parts being nearly always joined by threads of nuclear substance.
The cells in question vary in size, but when spherical are usually not
quite 001 mm. in diameter. Their protoplasm stains with eosin,
this being due to the presence of fine oxyphil granules (Kanthack and
Hardy). They are highly amcehboid and phagoeytie, and constitute
from sixty to seventy per cent. of all the lencocytes of the hlood
(fig. 27, a; fig. 26, b, ¢).
2. Lymphocytes.—These are small uninuclear cells, with a very
limited amount of elear protoplasm around the nucleus, which is
a simple, not lobed or divided
1 (fig. 27, b). The proto-
plasm is stained by methy-
lene blue. They are about
00065 mm. in diameter,
but some are larger and
appear to be transitional
between these and the next
variety. They constitute
from fifteen to thirty per
cent. of the total number
of leucocytes in the blood.

They are relatively more

Fic. 27.—VARIOUS KINDS OF COLOURLESS COR- numerous in infanc};.
PUSCLES, SHOWING THE DIFFERENT CHARACTERS -
OF THE GRANULES, (From a film preparation of 3. Macrocyles. — Large

:_1;}:;‘1;:;.1];3‘1{1‘1au blood.) Two of each kind are uninnelenteds eallo e slat
to the last, but larger, and
containing much more protoplasm (fig. 27, ¢). Some, however, are
smaller and are regarded as transitional forms from the last variety.
The nucleus may be spherical, oval, or kidney-shaped. The proto-
plasm is hyaline; it stains slightly with methylene blue, perhaps
due to very fine basophil granules. These cells are highly amamboid
and phagocytic. Including the transitional forms, they counstitute
about five per cent. of all the lencocytes in blood.

4. Eovsinophil cells.—These are characterised by their coarse granules,
which stain deeply with acid dyes, such as eosin. Their average
diameter in the spherical condition is 001 mm. The nucleus may be
simple or lobed (fig. 27, d; fig. 26, a). They are amwboid, but less
actively so than the finely granular cells. They are more variable in
number than other varieties, constituting sometimes not more than

d .:,.:.' '
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one per cent., and at other times as much as ten per cent. of the
‘total leucocytes of blood.

Blood-platelets.—In the clear fluid in which the blood-corpuscles are
suspended, a network of fine straight intercrossing filaments (fibrin)
soon makes its appearance (fig. 25, A). There are also to be seen a
number of minute round colourless discoid particles less than one-third
the diameter of a red corpuscle, either separate or collected into groups
or masses, which masses may be of considerable size. These are the
elementary particles ov blood-plutelets. In the circulating blood they are
discrete, but immediately clump together in drawn blood (fig. 28). If,
however, the blood is drawn into salt solution of a certain specific
gravity they can be kept separate, and may then better be examined

Fig. 28.—A MAsSs OF BLOOD-PLATELETS

FROM HUMAN BLOOD. (Osler.) e ‘
A few at the edge are detached from the d r

rest. The filaments are broken threads of : ﬁ’

fibrin. The preparation had been kept in .

salt solution on the warm stage for some

time, thus causing a partial breaking up 2
of the mass of platelets, Fig. 29. — BLOOD-PLATELETS, HIGHLY

MAGNIFIED, SHOWING THE AM(EROID
FORMS WHICH THEY ASSUME WHEN
EXAMINED' UNDER SUITARLE CONDI-
TIONE, AND ALS0 EXHIBITING THE
CHROMATIC PARTICLE WHICH EACH
PLATELET CONTAINE, AND WHICH HAS
BEEN REGARDED AS A NUCLEUS. (After
Kopseh. )

with high powers of the microscope and stained. The result of such
examination seems to show that the blood-platelets are not mere
inert particles, as has generally been supposed, but that they are
protoplasmic and amceboid, and that each one contains a nucleus ;
that they are in fact minute cells (Deetjen). Fatty particles, derived
from the chyle, may also occur in the plasma.

Development of blood-corpuscles.—In the embryo, the first-formed
coloured blood-corpuscles ave ameeboid nucleated cells, the protoplasm
of which contains hwmoglobin. These embryonic blood-corpuscles
are developed within cells of the mesoderm, which are united with
one another to form a protoplasmic network (fig. 30). The nuclei of
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the cells multiply, and around some of them there occurs an aggrega-
tion of coloured protoplasm. Finally the network becomes hollowed
out by an accumulation of fluid in the protoplasm, and thus are
produced a number of capillary blood-vessels, and the coloured
nucleated portions of protoplasm are set free within them as the
embryonic blood-corpuscles (erythroblasts, fig. 30, bl). These within
the circulation multiply by mitotic division, and thus become rapidly
more numerous.

In later embryonic life, nucleated coloured corpuscles disappear from
mammalian blood, and are replaced by the usual discoid corpuscles.

Fic. 30.—DEVELOFMENT OF BLOODD-VESSELS ANT} BLOOD-CORPUSCLES IN THE
VASCOULAR AREA OF THE GUINEA-PIG.
i, blood-corpuscles becoming free in the interior of a nucleated protoplasmic mass.

Many of these are doubtless derived from the nucleated embryonic
blood-cells, the absence of the nucleus being accounted for either by
its atrophy or extrusion from the cell or by the separation of a part
of the (coloured) cell-substance. Others are formed within certain cells
of the connective tissue (vasofermative cells), a portion of the substance
of the cell becoming coloured by hemoglobin, and separated into
globular particles (fig. 31, a, b, ¢), which are gradually moulded into
disk-shaped red corpuscles. In the meantime the cells become hollowed
out, and join with similar neighbouring cells to form blood-vessels (fig.
31, d, e, f). 'The process is therefore the same as in the early embryo,
except that the cell-nuclei do not participate in it.

Although no nucleated coloured corpuscles are as a rule to be seen
in the blood in late embryonic and in post-embryonic life, they con-
tinue to be formed in the marrow of the bones (see Lesson XIIL),
and in some animals they have also been found in the spleen. It is
probable that the red disks are formed from these by the nucleus
disappearing and the coloured protoplasm becoming moulded into a
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discoid shape. At what time this formation of blood-corpuscles in
bone marrow commences has not heen ascertained, but after it has
commenced it continues throughout the whole of life—the red marrow,
especially that of the ribs, being especially active in this respect. In
mammals the formation of nucleated coloured corpuscles appears to take
place within the tissue of the marrow, but how they pass into the

Fia 31.—BLOOD-CORPUSCLES DEVELOPING WITHIN CONNECTIVE-TISSUE CELLS,

a, & cell containing diffused hmmoglobin ; &, a cell filled with coloured globules; ¢, a cell
eontaining colonred globules in the protoplasm, within which also are mumerous
vaciuoles; d, an clongated cell with a cavity in its protoplasm oceupied by fluid and
blood -corpuscles mostly globnlar; ¢, n hollow cell, the nuclens of which bas multi-
plied. The new nuclei are arranged around the wall of the cavity, the corpuscles in
which have now become discuid ; f, shows the mode of union of a * hasmapoietic' cell,
which in this instance contains only one corpuscle, with the prolongation (&) of a
previously existing vessel,

bloodstream is not definitely known. In birds, on the other hand, the
formation of new blood-corpuscles occurs in the blood-vessels them-
selves of the marrow, by the division of erythroblasts which lie close
to the vessel walls, and which become gradually moulded into the form
and structure of the bird’s erythrocyte.

The white blood-corpuscles and lymph-corpuseles oceur originally as free
embryonic cells, which have found their way into the vessels from the
circumjacent mesoblast. They do not occur within the first-formed
blood-vessels of the embryo. In later stages of fwetal life and during
the whole of post-embryonic life they become formed in lymphatie
glands and other organs composed of lymphoid tissue, and pass from
these directly into the lymphatics and so into the blood.

From the observations of Beard in Elasmobranchs, which have been con-

firmed by other and independent observations in Teleosts, it appears
probable that leucocytes first make their appearance when the foundation
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LESSON 1IL

ACTION OF REAGENTS UPON THE HUMAN BLOOD-
CORPUSCLES.

1. Magga preparation of blood as in Lesson 1L 1, and apply a drop of water,
at one edge of the cover-glass. Examine at a place where the two fluids are
becoming mixed. Notice particularly the first effect of water upon both red
and white corpuscles, as well as the ultimate action.

Sketch both kinds of corpuscles under the action of water.

2. Repeat on another preparation, using very dilute alkali (02 per cent.
canstic potash in salt *mlutmnl?mqtp ad of water. ~Notice the complete solution
first of the white and then of the coloured corpuscles as the alkali reaches
them.

3. Repeat on another preparation, using dilute acetic acid (1 per cent. ).
Observe that the effect of the acid upon the coloured corpuscles is similar to
that of water, but that it has a different action upon the colourless corpuscles.

Sketch two or three of the latter after the action is completed.

4. Make a preparation of blood mixed with salt solution as in Lesson L. 2,
and investigate the action of tannic acid (1 part tannic acid to 100 of dis-
tilled water) in the same way.

Sketch two or three coloured corpuscles after the action is complete.

Structure of ary‘l;]]rnc;',rt.es.—le action of reagents upon the
human red blood-corpuscles shows that, although to all appearance
homogeneous, they in reality consist of
an external envelope of colourless material

@ (] e a e
which forms a thin film inclosing the dis- ﬂ 3 3 0 O

solved colouring matter or hemoglobin.! Thus,

when water reaches the corpuscle, it passes j‘_& 70
through the film by osmosis and swells the N
corpuscle, causing it to become globular : Fii, 32

eventually the film is burst through, and the ® “pecessive uifeets u_fr,m::tﬁ.:r;fl"ﬂ;
colouring matter escapes into the serum. Solution of salt; g, effect of
Salt, on the other hand, by inereasing the

density of the fluid in which the corpuscles float, causes a diffusion
of water out of the corpuscle, and a consequent shrinking and cor-
rugation of the surface, the crenated form (fig. 32, f) being thereby
produced. The separation of the h@moglobin from the corpuscle can
be effected not only by water (fig. 32, a-¢), but also by dilute acids,

1The membrane may perhaps be joined across the thickness of the corpuscle by
delicate (protoplasmic ?) threads, but if so they are quite invisible.
C
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by the action of heat (60° C.), the freezing and thawing of blood, the
action of ether or chloroform, and the passage of electric shocks.
Bile and dilute alkalies rapidly cause the red corpuscles to become
spherical and then almost instantly effect their complete solution. The
mixing of blood from one species of animal with the blood or serum of
animals of other species frequently also has a similar effect. In this
case it would appear to be due to a hemolytic action exerted by some
(unknown) constituent of the foreign blood, which is special for each
species and against which the “host” can render itself immune if, prior
to any large quantity of the foreign blood or serum being injected,
successive small and gradually increased injections be made. This faet

Fic. 33.—BLOOD CRYSTALS, MAGNIFIED.
1, from human blood ; 2, from the guinea-pig ; 8, squirrel ; 4, hamster,

is not only of great interest as bearing upon the general doctrine of
immunity, but may also serve to aid in detecting the source of a given
sample of blood.

Tannic acid produces a peculiar effect upon the red corpuscles (fig.
32, ¢); the hxemoglobin is discharged from the corpuscle, but is im-
mediately altered and precipitated, remaining adherent to the envelope
in the form of a round or irregular globule of a brownish tinge
(hematin 7).

Some of these reactions occur l,‘-!,.- a process of osmosis as in the case of
water, but in others a solution of the envelope of the corpuscle is produced
by the reagent, and the heemoglobin is thus allowed to escape. The film or
envelope is probably in large measure composed of lecithin and cholesterin
{along with a little nucleo-proteid—Halliburton), and these are substances
which possess many of the physical properties of fats, although of a different
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chemical composition. If we assume that such fatty substances form an
external film to the corpuscle, the running of the red disks into rouleaux can
readily be explained, since it has been s%mwn by Norris that disks of any
material, e.g. cork, suspended in a fluid, tend in the same way to adhere in
rouleaux, provided their surfaces are covered with a layer which is not
wetted by the fluid. We may also explain on the same hypothesis the fact
that no rent is ever seen in the envelopes of the red corpuscles even when
they appear to have burst after imbibition of water, for, if the film which
represents an envelope is largely of a fatty nature, any rent in it would tend
immediately to close up again when the opposed edges came in contact.

The more solid part of the red corpuscle is often termed the stroma, but
this name rests upon an entirely false conception of the structure of the
corpuscle. In adopting the name, it was supposed that the corpuscle is
formed of a homogeneous porous material (stroma—Rollett), in the pores of
which the hemoglobin is contained, but there is no reasonable foundation
for this belief, which fails to explain except on the assumption of a still more
complex hypothesis, the well known osmotic phenomena of the corpuscle,
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Fra. 34.—HEMIN CRYBETALS, MAGNIFIEI. Fig. 30 —HEMATOIDIN CRYSTALS.
(Prever.) (Frey.)

whereas the supposition that there exists a delicate external film or envelope
inclosing a coloured fluid is in accordance with all the known facts regarding
the action of reagents upon these bodies. It is true that in the fresh
mammalian corpuscle the envelope is too delicate to be actually observed in
the optical section of the corpuscle, but in the blood-corpuscles of amphibia
it can be quite distinctly seen, and with any slight increase in density of the
jlasma it tends to become wrinkled and the creases in it are plainly visible.
En these corpuscles also the nucleus becomes readily displaced in drawn blood
from its position in the centre of the corpuscle and may lie quite at the side :
this is a elear indication of the fluid nature of the contents of the corpuscle,
and by analogy we may fairly assume a similar constitution for the
mammalian corpuscle. Lastly, 1t is possible, in film preparations, to stain
the envelope of the red corpuscles niP a different colour from the remainder
of the corpuscle.

Blood-erystals.—In the blood of some animals (fig. 33), crystals of
h&moglobin readily form after its separation from the red corpuscles.
These erystals are rhombic prisms in man and most animals, e.g. the rat, but
tetrahedra in the guinea-pig (2), and hexagonal plates in the squirrel (3).
In these animals they at once appear on shaking up the blood with chloro-
form or ether, or even on the addition of water, with or without subsequent
evaporation. They are most appropriately studied along with the chemical
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LESSON 1IV.
STUDY OF THE BLOOD-CORPUSCLES OF AMPHIBIA.

1. Opraix a drop of newt’s blood by cutting the tail, and mix it with a very
emall quantity of salt solution upon a slide. Examine with the high power.
Notice the shape of the coloured corpuscles hoth when seen flat and edge-
ways, and the nucleus within each.

Measure ten corpuscles (long and short diameters), and from the results
obtain the average dimensions of the newt’s blood-corpuscle.

Notice also the colourless corpuscles, smaller than the red, but consider-
ably larger than the pale corpuscles of human blood, although otherwise
generally resembling these.

Sketch two or three red corpuscles and as many white.

Be careful not to mistake the rounded liberated nuclei of crushed red
ml];l:mm:]es for pale corpusecles.

normous cells and puclei belonging to the cutaneous glands as well as
the granular secretion of those glands may be present in this preparation.

2. Apply a drop of water to the edge of the cover-glass of the same
preparation and notice its action upon the corpuscles.

Sketch two or three corpuscles altered by the action of the water.

3. Mount another drop of blood, and apply dilute acetic acid (1 per cent.)
instead of water at the edge of the cover-glass. Make sketches showing the
effect of the acid upon both red and white corpuseles.

4. Examine the corpuscles of newt’s blood which has been allowed to How
into boracic acid solution (2 per cent.). Notice the effect produced upon the
coloured corpuscles, Sketch one or two.

5. Mount in glycerine-jelly a drop of frog's blood which has been fixed by
Flemming’s solution (see Appendix) and stained with picrocarmine.

6. Make a film preparation of frog’s or newt’s blood as deseribed in
Lesson IL, 5.

The coloured blood-corpuscles of amphibia (figz. 37), as well as of
most vertebrates below mammals, are biconvex elliptical disks, con-
siderably larger than the biconcave eircular disks of mammals.! 1In
addition to the ecoloured body of the corpuscle, which consists, as in
mammals, of h@moglobin inclosed within an envelope, there is a
colourless nucleus, also of an elliptical shape, but easily becoming
globular, especially if liberated by any means from the corpuscle.
The nucleus resembles that of other cells in structure, being bounded

I"The following are the dimensions in parts of a millimetre of the coloured
corpuscles of some oviparons vertebrates :—
Lamg diameter. Bhort diameter.

Pigeon, - - - . - 00147 00065
PR o 20 = ) e 00208 00157
Newt, - - - - - - 0-0203 0-0195
Proteus, : : - - . 00580 00350

Amphiuma, - - : - - -0770 00460
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by a membrane, and having a network of filaments traversing its
interior (fig. 38). It is not very distinct in the unaltered corpuscle,
but is brought clearly into view by the action of reagents, espeecially
acids. The action of reagents upon the red corpuscle of amphibia is
otherwise similar to that produced upon the mammalian corpuscle,
water and acetic acid eausing it to swell into a globular form and then
to become decolorised ; solution of salt causing wrinkling of the
envelope, and so on. The first effect of water and watery fluids is

Fia. 38. — COLOURED
CORPUSCLE OF SALA-
MANDER, SHOWING
INTRANUCLEAR NET-
woBK. (Flemming.)

Fia., 37.—Froc's BLooD. (Ranvier.)

o, red corpuscle scen on the flat ; », vacuoles in a cor-
puscle ; & e, red corpuscles in profile; &, pale cor-
puscle at rest; w, pale corpusele exhibiting amomboid
movements ; », nuclens which has become set free
from o coloured corpusele ; p, blood platelet.

sometimes to cause the heemoglobin to retire from the envelope at the
points where the water is passing through this membrane: a stellate
appearance is thereby often produced. Boracie acid causes the hzmo-
globin to become partially or wholly collected around the nucleus,
which may then be extruded from the corpuscle.

The colourless corpuscles of the frog (fig. 37, &, n), although larger,
are very similar to those of mammals. Like them, they are either
wholly pale and finely granular or inclose a number of very distinct
granules of similar nature to those met with in mammals. These cor-
puseles vary much in size and in the aectivity of their amceboid move-
ments: those which have a multilobular nucleus (fig. 26, b, ¢) are usually
the most active. Reagents have the same effect upon them as on those
of mammals, The presence of glycogen may he demonstrated in them
by its reaction with iodine (port-wine colour).

The blood-platelets in the frog (fig. 37, p) are far fewer in number
than in mammals, but are larger and their cell-nature is more
distinetly visible.
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LESSON V.

THE AMEROID PHENOMENA OF THE COLOURLESS
BLOOD-CORPUSCLES.

1. Make a preparation of blood from the finger in the usual way. Draw
a brush just moistened with oil around the edge of the cover-glass to check
evaporation. Place the preparation upon a ‘ warm stage,’ and heat this to
about the temperature of the body (38° (). Bring a white corpuscle under
observation with the high power, and watch the changes of shape which it
undergoes. To become convineed of these alterations in form, make a series
of outline sketches of the same corpuscle at intervals of a minute.

The simplest form of warm stage iz a copper plate of about the size of
an ordinary slide, perforated in the centre and with a long tongue of the same

= E  EE T =

Fig. 34— BIMPLE WARMING APPARATUS, COMPLETE, SHOWN 1IN OPERATION.

metal projecting from the middle of one edge (fig. 39). The copper plate
rests upon the stage of the microscope with a piece of cloth or other non-
conducting material between. The preparation is made upon an ordinary
slide or on a large cover-glass, whic]h is placed upon the warm stage and
pressed into contact with it by the brass t:}:i'ps.:. Heat is applied to the copper
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tongue by a small spirit-lamp flame, and a greater or less amount is con-
ducted to the warm stage and the superjacent preparation according to the
point to which the flame is applied. To ascertain that the right temperature
18 got and maintained, put two pieces of paraffin, one melting at 35° C.
(95" F.) and another at 38° C. (100" F.), on either side of the Irepamtiun.
The temperature must be such that the first piece is melted and remains so
whilst the second remains unmelted.?

2. Mount a drop of newt’s blood diluted with an equal amount of salt

solution, and examine it in the same manner upon the copper stage, at first
cold, afterwards warm ; the temperature must, however, be kept hnsow 30° C.
Observe the effect of heat in accell)era,tinrr the amaboid movements of the pale
corpuscles.  Sketch one at intervals of a minute () in the cold, (5) whilst
warmed.
3. Take some yeast which has been mixed with salt solution, and mix a
very little of the yeast and salt solution with a fresh drop of newt’s blood,
slightly oiling the edge of the cover-glass as before. Endeavour to observe
the inception of the yeast-torulm by the white corpuscles. Sketch one or
two corpuscles containing torule.

Milk-globules or particles of carbon or of vermilion may also be used for
this experiment, but the process of inception or *feeding” is most readily
observed with the yeast particles.

4. At the beginning of the lesson collect a drop of newt’s or frog’s blood
into a fine capillary tube, seal the ends of the tube, and mount it in a drop
of oil of cedar-wood or Canada balsam. Towards the end of the lesson
examine it again to see white corpuscles emigrating from the shrunken clot
(see fig. 40).

5. To obtain a specimen with the white corpusecles fixed in amaboid con-
dition, make a preparation of newt’s blood, mixed with salt solution, and
set it aside for ten minutes. By this time the corpuscles will be freely
amaboid, and will probably show well-marked pseudopodia. To fix them in
this condition let a jet of steam from a flask or kettle play for two or three
seconds upon the cover-glass. The heat instantly kills the corpuscles, and
they are fixed in the form they presented at the moment the steam was
applied. They may now be stained by passing dilute hsemalum® under the
cover-glass, or by removing the latter and staining with eosin and methylene
blue in the manner recommended in Lesson I1. § 5.  If hemalum be used,
the stain is followed by dilute glycerine, after which the cover may be
cemented and the preparation kept.

The ameboid phenomena which are exhibited by the protoplasm
of the colourless blood-corpuscles consist, in the first place, of spon-
taneous changes of form, produced by the throwing out of processes
or pseudopodia in various directions. When first thrown out the pseudo-
podia are composed of hyaloplasm alone ; they appear to be produced
by a flowing of the hyaloplasm (see p. 3). If the corpusele is stimu-
lated, either mechanically, as by tapping the cover-glass, or electrically,
the psendopodia are retracted, the corpuscle becoming spherical. A
change of form caused by the protrusion of the psendopodia, may, when

! For exact work, an apparatus somewhat more complex than the above is
required. For description of such, see A Course of Practical Histology.

* Delafield’s or Ehrlich’s haxmatoxylin can be substituted for hemalum wherever
the latter is mentioned. The water used for the dilution of hematoxylin solu-
tions must always be distilled.
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active, be followed by changes in place or actual locomotion (migration)
of the corpuscle. When a pseudopodium, or the external surface of
the corpuscle, comes in contact with any foreign particle, the proto-
plasm tends to flow round and enwrap the particle, which is then drawn
into the corpuscle ; particles thus incepted may be conveyed by the
corpuscle in its locomotory changes from one place to another. This
property perhaps plays an important part in many physiological and

= L W
FiG. 40.—WHITE CORPUSCLES OF FROG'S BLOOD MIGRATING FROM SHRUNKEN

CLOT WITHIN A CAPILLARY TUBE. (From Sanderson’s Handbook for the
Physiological Laboratory.)

pathological processes ; thus certain cells in the spleen resembling

large lencocytes—the so-called splenic cells—incept blood-corpuscles,

which become broken down within them, and it is believed by some

pathologists that pathogenic bacteria become taken into the protoplasm

of certain leucocytes (on this account termed phagocytes), there to he

destroyed.

It is probable that particles of organic matter which are taken up
by the pale corpuseles may undergo some slow process of intracellular
digestion within their protoplasm.

The processes of the granular corpuscles are generally quite clear at
first, and the granules afterwards flow into them.
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LESSON VI
EPITHELIUM.

1. MouxsT a drop of saliva and examine first with a low, afterwards with a
high power, Observe the nucleated epithelium-cells, some single, and others
still adhering together by overlapping edges. Measure three or four, and
alzo their nuclei. Sketch one or two on the flat and one edgewayvs. Notice
the salivary corpuscles, which are migrated white blood-corpuscles swollen
ont by imbibition of water.

2. Put a small shred of human epidermis into a drop of strong caustic
potash solution (35 p.c.) for five minutes. Then break it up in water with
needles, cover and examine, Observe the now isolated swollen cells, Measure
SO0,

3. Study the arrangement of the cells in a section through some stratified
epithelinm, such as that of the mouth, skin, or cornea.! Notice the changes
in shape of the cells as they are traced towards the free surface. Measure
the thickness of the epithelium. Count the number of layers of cells.

4. Study the minute structure of epithelimm-cells and their nuclei, both
at rest and dividing, in sections of the skin of the newt’s tail, or in shreds of
peritoneum or epidermis, or in sections across the tail of the salamander-
tadpole. The ]]rep'u'a.tiun may, for this purpose, be stained either with
h@ematoxylin or with some aniline dye such as saffranin.?

Skerch an epithelium-cell with resting nucleus, and others with nuelei in
different phases of karyvokinesis.

An epithelinm is a tissue composed entirely of cells separated by
a very small amount of intercellular substance (cement substance) and
generally arranged so as to form a membrane ecovering either an
external or an internal free surface.

The structure of epithelinm-cells, and the changes which they
undergo in cell-division, are best seen in the epidermis of the newt
or of the salamander-tadpole (fig. 42); in the latter especially, the cells
and nuclei are much larger than in mammals,

Structure of the cells.—Each epithelium-cell consists of profoplasm
containing a nucleus. The protoplasm may either look granular, or it
may have a-rb-ﬁn_:ulated appearance, or may exhibit fibrils, The
nucleus is spherical or ovoid. Usually there is only one, but there may
be two or more. The cell-substance is often modified in its chemical
nature ; its external layer may become hardened to form a sort of

! The methods of preparing sections are given in the Appendix.

2 A method which serves the purpose of exhibiting the division of nuclei is given
in the Appendix.
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membrane, or the whole cell may become horny (keratinised) ; or there
may be a separation of materials (granules) within the cell which are
ultimately nsed by the organism, as in some secreting glands.

Fia. 42,—EPIDERMIS CELLS OF A LARVAL SALAMANDER.
Magnified 400 diameters, (Wilson.)

Three of the cells are undergoing division. The intercellular channels are 'b:idgad
aeroas by fine fibres, At one place a branched pigment cell is lying batwaen the
epithelium cells,

Classification of epithelia.—Epithelia are somewhat illogically
classified partly according to the shape and arrangement of the cells,

Fig. 45.—SECTION OF THE STRATIFIED EFITHELIUM COVERING THE FROXT
OF THE CORNEA OF THE EYE (MAX).

o, lowermost uoluu:.-uar eells 3 p, polygonal cells above these ; A, flattened cells near the
surface. Between the cells are scen intercellular channels bridged over hy processes
which pass from cell to cell.

partly according to their function. Thus we speak of scaly or pavement,
cubical, colwmnar, glandular, and cilinfed epithelium. Most of these
are simple epithelia, with the cells only one layer deep. If forming



CLASSIFICATION OF EPITHELIA. 45

several superposed layers, the epithelium is said to be sfrafified, and
then the shape of the cells differs in the different layers. Where
there are only three or four layers in an epithelium, it is termed
transitional.

Stratified epithelium covers the anterior surface of the cornea, lines
the month, phﬂ:rym: (lower part), and gullet, and forms the epidermis
which covers the skin. In the female it lines the vagina and the neck
of the uterus. The cells nearest the surface are always flattened and
scale-like (fig. 43, f; fig. 44), whereas
the deeper cells are more rounded TSN

el
or polyhedral, and those of the deepest I/"" s b w A TN
. o | £,  Lepons
layer generally somewhat colummnarin | . é-E o },I :;"’4:; @J \)
shape (fig. 43, ¢). Moreover, the deeper l . byt Al
cells are soft and protoplasmie, and are " 7 j . ;_{Z-’
separated from one another by a system

of intercellular channels, which are ¥ 44.—EriTuELIUN-8CALES FROM
bridged across by numerous fibres pass- e FoL 08 R HOUTH: (Mag-
ing from cell to cell, these giving the

cells, when separated, the appearance of bheing beset with short
spines (prickle-cells of Max Schultze).

Some of the deeper cells multiply by division, the nuclei first
dividing in the manner already described. The newly formed cells tend
as they enlarge to push those external to them nearer to the surface,
from which they are eventually thrown off. As they approach the
surface they become hard and horny, and in the case of the epidermis
lose entirely their cellular appearance, which can, however, be in a
measure restored by the action of potash (§ 2). The cast-off superficial
cells of the stratified epithelium™ of the mouth, which are seen in
abundance in the saliva (3 1), are less altered, and the remains of a
nuecleus is still visible in them (fig. 44). The stratified epithelium of
the human skin (epidermis) shows many peculiarities : these will be
considered when the skin itself is treated of.

Simple scaly or pavement epithelium is found in the saccules of the
lungs, in the ducts of the mammary gland, in the kidney (in the tubes
of Henle, lining the capsules of the _I‘EE}ighiml bodies, and covering
the é_lfmmeruli}, and also lining the cavities of serous membranes (fig. 45),
and the interior of the heart, blood-vessels, and lymphatics. When
oceurring on internal surfaces, such as those of the serous membranes,
blood-vessels, and lymphatics, it is often spoken of as endothelium or |
mesothelium. According to v. Brunn the cells of a serous epithelium
may be provided with a striated border on their free surface, somewhat
like that which is found on columnar cells.
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Columnar epithelium and ciliated epithelinm are for the most part
found covering the inner surface of mucous membranes; which are
membranes moistened by mucus and lining passages in_communication
with the exterior, such as the alimentary canal and the respiratory and
generative passages.

Glandular epithelium is the essential tissue of all the organs which
are known as secreting glands. Glands are of two chief kinds. Those
which are best known and which are termed secrefing glands | praper are
furnished with a duct which ramifies in all parts of the gland and by

Fi1G. 45.—PAVEMENT EPITHELIUM OR ENDOTHELIUM OF A SEROUS MEMBRANE.
NITRATE OF SILVER PREPARATION., CARMINE STAINING OF NUCLEL

means of which the produets of the secretory activity of the gland cells
are brought to a free surface, Such glands have been developed as
involutions of the surface upon which they open, and their epithelium
is continuous with that of this surface, and is in some cases, especially
where the surface upon which the gland opens is covered with columnar
epithelium, of a similar character to the epithelium of the surface;in
others different in character. In wost glands it alters as we trace the
duct back into the recesses or alveoli of the gland, and it 1s in these
that the characteristic glandular cells, which are generally polyhedral
in shape, are found. Every such involution or ingrowth of epithelium
to form a gland is, when first formed, of a simple character, shaped like
a test-tube or flask and filled with a solid mass of cells, but it presently
becomes hollowed out and the cells remain as a lining to the con-
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nective tissue membrane which bounds the involution. The gland
may remain simple and unbranched (simple tubular and simple saceular
glands, figs. 46, 47), or it may branch again and again until a complicated
structure, in some cases small, in others of considerable size, is pro-
duced (compound tubular and compound saccular (or racemose) glands,
instances of which are furnished by the kidneys and salivary glands

k|
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Fig. 46.—SIMPLE TUBULAR GLANDS SEEN IN A SECTION OF THE MUCOUS MEMBRANE
OF THE STOMACH OF THE KANGAROO.

e, epithelium of general surface ; bw, basement membrane ; n, neck or duct of gland ; b,
or fundus; gf, glandular epithelivm; ¢, lymphoid tissue; mm, muscular
tissue of the mucous membrane,

respectively). The cells which furnish the secretion of the gland
and which line the seereting parts of the tubules of a tubular gland,
or the alveolar enlargements (acini) at the ends of the ducts of a
racemose gland, are frequently partly or wholly filled with granules
in the intervals of secretory activity, and these granules become
discharged or dissolved and pass into the secretion during activity.
S-ecret-ing z glands are always abundantly supplied with blood-vessels
and nerves. The former are distributed in the connective tissue which
holds together the acini and groups of acini (lobules) of the gland ; the
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LESSON VIL

COLUMNAR AND CILIATED EPITHELIUM, AND
TRANSITIONAL EPITHELIUMN.

. Taxke a piece of rabbit’s intestine which has been a few days in chromic
acid solution (1 part chromie acid to 2000 normal =aline solution), or in one-
third aleohol, containing a little salievlie acid. Gently scrape the inner
surface with the point ﬂ?.‘l, scalpel, break up the scraping in a drop of water
on a slide. Add a small piece of hair to avoid crushing, and cover the pre-
paration. The tissue may then be still further broken up by tapping the
cover-glass. Sketch one or two columnar cells and also a row of cells
Measure two or three cells and their nuclei.

To keep this preparation, place a drop of very dilute staining solution
{Delaﬁe]dPs hmematoxylin) at one edge of the cover-glass. When the stain has
passed in and has stained the cell-nuclei, ll‘:lacu a drop of glyecerine at the
same edge and allow it slowly to diffuse under the cover-glass, Cement this
another day. Osmic acid (1 per cent.) may be used in place of hematoxylin.
2. Break up in glycerine a shred of epithelium from a minute piece of the
mucous membrane of frog's intestine that has been treated with 1 per cent.
osmie acid for two hours, and has subsequently macerated in water }m‘ a few
days. The cells easily separate on tapping the cover-glass. They are larger
than those of the rabbit, and therefore exhibit the structure better. Measure
and sketch one or two cells.

The cover-glass may be at onee fixed by gold size.

3. Prepare ciliated epithelium from a trachea that has been in chromie
acid solution (1 to 2000 normal saline) for a few days, in the same way as
columnar epithelium in § 1. Measure in one or two of the cells («) the
length of the cells, (6) the length of the cilia, (¢) the size of the nuclens.
Sketch two or three cells.

This preparation is to be stained and preserved as in § 1.

4. Make a similar teased preparation of the epithelium of the uripary
bladder, which may be Inmlernt.u{y distended with bichromate of potash solu-
tion (1 part to 800 of salt solution), and after an hour or two eut open and
placed in more of the same solution. Observe the large flat superficial cells,
and the pear-shaped cells of the second layer. Measure and sketch one or
two of each kind. The cells will vary greatly in appearance according to
the amount of distension of the organ.

Stain and preserve as in 335 1 and 3.

All the above varieties of epithelium will afterwards be studied 7a site
when the organs where they occur come under consideration.

Columnar epithelium.—The cells of a columnar epithelium (fig. 43)
are prismatic columns, which are set closely side by side, so that when
seen from the surface a mosaic appearance is produced. They often
taper somewhat towards their attached end, which is generally trun-

cated, and set upon a basement membrane. Their free surface is
D
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covered by a thick striated border (fig. 49, sfr) which may sometimes
become detached in teased preparations. The protoplasm of the cell

Fic. 48, Fic. 49,

FiG. 48. —A ROow OF COLUMNAR CELLS FROM THE INTESTINE OF THE RABBIT.
Smaller eclls are seen between the epithelinm-cells ; these are leucocytes,

Fic. 49 —CoLUM¥AR EPITHELIUM-CELLS OF THE RABRIT'S INTESTINE.

The cells have becn isolated after maceration in very weak chromic acid. The cells are
much vacuolated, and one of them has a fat-globule adhering to it near its attached
e¢nd; the striated border (siv) is well seen, and the bright disk separating it from
the cell-protoplasm ; w, nucleus with intranuclear network ; a, a thinned-out wing-
like projection of the cell which probably fitted botween two adjacent cells.

is highly vacuolated and reticular, and fine longitudinal striz may be
seen in it, which appear continuous with the striz of the free horder.
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Fia. 50. Fig. §2.
FiG. 50.—A COLUMNAR EPITHELIUM-CELL, SHOWING MASS OF FIBRILS (CYTOMITOME)
WITHIN THE CELL PROTOPLASM. (M. Heidenhain.)
FiG. 51.—A GOBLET OR MUCUS-SECRETING CELL, FROM COLUMNAR
EFITHELIUM. (M. Heidenhain. )
An ordinary columnar cell is also shown,

Fi1G. 52,—~CILIATED COLUMNAK EPITHELIUM, FROM THE TRACHEA OF A RABBIT.

el m=, md, mucus-secreting cells in various stages of mucigen formation. The prepara-
tion was treated with dilute chromic acid in the manner recommended in the
instructions for practieal work,

Between the striated border and the protoplasm of the cell is a highly
refracting disk which contains fine dumbbell shaped particles set
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vertically, connected below with the fibrils or strie which run through
the cell protoplasm (fig. 50). It has been suggested that these particles
are formed by multiplication of the centrosome, but the fact cannot he
regarded as established. The nucleus is ovoid and reticular. The
lateral borders of the cells are often somewhat irregular or jagged, the
result of the presence of amwmboid cells, which are generally found
bﬂ.jveen the columnar cells, at least in the intestine, After a meal
containing fat the epithelium-cells of the small intestine contain fat
globules, which become stained black in the osmic preparation,

Columnar epithelium-cells are found lining the whole of the interior
of the stomach and intestines : they are also present in the ducts of
most glands, and sometimes also in their secreting tubes and saceules.
The epithelium which covers the ovary also has a modified columnar
shape, but cells having all the structural peculiarities indicated above
are found only in the alimentary canal and in its diverticula.

Goblet-cells.—Some columnar cells, and also cells of glandular,
ciliated, and transitional epithelia, contain mucigen, which is laid down
within the cell in the form of granules (fig. 52, m!, m*). These
granules eventually swell up to form globular masses which may
run together and may greatly distend the part of the cell nearest the
free border. When the mucigen is extruded as mucus the cell takes
the form of an open cup or chalice (fig. 51 and fig. 52, m®), hence the
name.

These goblet-cells, or, as they may appropriately be termed, mucus-
secrefing cells, are probably not mere temporary modifications of the
ordinary columnar and ciliated cells amongst which they are found, but
permanently differentiated cells, which, after having got rid of their
mucus by extrusion, again form a fresh supply in the same way as before.

Ciliated epithelium.—The cells of a ciliated epithelium are usually
colomnar in shape (figs. 52, 53), but in place of the striated border of
the ordinary columnar cell the free surface is surmounted by a bunch
of fine tapering filaments (vilvafile cilia) which, during life, move
spontaneously to and fro, and serve to produce a current in the fluid
which covers them. The border upon which the cilia are set is bright,
and appears formed of little juxtaposed knobs or basal particles, to each
of which a cilium is attached.

In the large ciliated eells which line the alimentary canal of some molluses
(fig. H4), anfe with less distinctness in the ciliated cells of vertebrates, the
knob may be observed to be prolonged into the protoplasm of the cell as a
fine varicose filament, termed the rootlet of the cilium.  Since the axial fibril
in the tail (cilium) of the spermatozoon is developed in connection with and
probably from the centrosome, it has been supposed that the cilia of an
ordinary ciliated cell may also be outgrowths from the (multiplied) centro-
some. But while it appears to be true that the basal particles are formed
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Transitional epithelium is a stratified epithelium consisting of only
three or four layers of cells. It occurs in the urinary bladder, the
ureter, and the pelvis of the kidney. The superficial cells (fig. 55, a)
are large and flattened ; they often have two nuelei. Their free sur-

FiG. 55, —EPITHELIAL-CELLS FROM THE BLADDER OF THE RABBIT. (Klein.)
(Magnified 500 diameters.)

a, large flattened cell from the superficial layer, with two nuelei and with strongly
marked ridges and intervening depressions on its under surface ; &, pear-shaped cell
of the second layver adapted to a depression on one of the superficial cells,

face is covered with a cuticular stratum, and on their under sarface
they exhibit depressions, into which fit the larger ends of pyriform cells,
which form the next layer (fig. 53, b). Between the tapered ends of
the pyriform cells one or two layers of smaller polyhedral cells are
found. The epithelium seems to be renewed by division of these
deeper cells, but it is not certain that the superficial cells do not also
multiply.
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LESSON VIIL
STUDY OF CILIA IN ACTION.

l. MouxT in sea-water one or two bars of the gill of the marine mussel
(fig. 56). Study the action of the large cilia. Pﬁrw place the preparation
upon the copper warm stage (see Lesson V.) and observe the effect of raising
the temperature.

Fig. D6, —VALVE OF MUSSEL (MYTILUS EDULIS) SHOWING br, br, THE EXPANDED
GILLS OR BRANCHILE, WHICH, OWING TO THE LITTLE BARS OF WHICH THEY
ARE COMPOSED, PRESENT A STRIATED ASPECT.

sl mantle ; w, ent addonetor musele ; § masa of viseera; the dark projection just above
is the foot,

Keep this preparation until the end of the lesson, by which time many of
the cilia will have become languid. When this is the case pass a drop of
dilute potash solution (1 part KHO to 1000 of sea-water) under the cover-
rlass and observe the effect.

Fie. 57.—MOIST CHAMBER ADAPTED FOR PASSING A GAS OR VAPOUR TO A PRE-
PARATION UNDER THE MICROSCOPE.

2. Cement with sealing-wax a piece of small glass tubing to a slide o that
one end of the tube comes nearly to the centre of the slide. To do this
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effectually the slide must be heated and some sealing-wax melted on to it
and allowed to cool. The glass tube is then made hot and applied to the
slide, embedding itself as it does so in the sealing-wax. On this put a ring
of putty or modelling wax (half an inch in diameter and rising above the
glass tube) so as to inelude the end of the tube. Make a deep notch in the
ring opposite the tube for the exit of the gas. Place a small drop of water
within the ring (fig. 57).

Put a bar from the gill upon a cover-glass in the least possible quantity of
sea-water ; invert the cover-glass over the putty ring, and press it gently
and evenly down. The preparation hangs in a modst chamber within which
it can be studied through the cover-glass, and into which gases or vapours
can be passed and their effects observed.

Pass CO, through the chamber, and after observing the effect replace it by
air (see fig. 58). %epmt with ether and with chloroform vapour.

The movement of cilia.—When in motion a cilinm is bent quickly
over in one direction with a lashing whip-like movement, immediately
recovering itself. When vigorous the action is so rapid, and the
rhythm so frequent (ten or more times in a second), that it is im-
possible to follow the motion with the eye. All the cilia upon a
eiliated surface are not in action at the same instant, but the move-

Fic. 58 —METHOD OF BUBJECTING A PREPARATION TO A STREAM OF CARBON
DIOXIDE,
b, hottle containing marble and hydrochlorie acid ; &, wash-bottle, connected by india-

rubber tube, ¢, with the moist chamber, 2.
ment travels in waves over the surface. If a cell i1s detached from the
general surface, its cilia continue to act for a while, but their move-
ment at once ceases if they are detached from the cell. If, however, a
portion of the cell protoplasm is detached with them, they will continue
to move for a time.
The rhythm is slowed by cold, yuickened by warmth; but heat
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beyond a certain point kills the cells. The movement will continue
for some time in water deprived of oxygen. Both CO, gas and ether
and chloroform vapour arrest the action, but it recommences on
restoring air. Dilute alkaline solutions quicken the activity of cilia, or
may even restore it shortly after it has ceased.

Theories of ciliary action.— Various attempts have been made to explain
the manner in which cilia act. One hypothesis supposes that one side only
of each cilium is contractile, the other side being elastic. This supposition
is negatived by the fact that in heat rigor the cilia are not bent over as they
would be by the contraction which always accompanies rigor, but stand up
straight. 1t is moreover impossible to suppose tl.:;mt a soft structure like a
cilium could be bent over in a uniform gentle curve by contraction along one
side ; such contraction could only produce shortening and wrinkling of the
cilinm, effects which are never observed. By another hypothesis it has been
assumed that the projecting cilia are set in action by rhythmie lateral con-
tractions in the protoplasm ; which, by moving the rootlets, cause the cilia to
bend over as a whip is bent over by movements of the wrist applied to its
handle. But this again implies an amount of rigidity which cilia do not
possess, for it must be borne in mind that they have to overcome the resist-
ance of a fluid which is in many cases highly viscous.

If in our complete ignorance of the structure of the individual eilia we are
to form any idea as to the cause of the rhythmical bending over of these
minute cell processes, the simplest hypothesis appears to be to assume that
they are hollow filaments with one side more extensible—perhaps thinner—
than the other. If this is the case, then rhythmical variations of pressure
within the cell-protoplasm, which might, as in the case of amaboid move-
ments, be caused by alterations in surface tension, would be transmitted to
the cilia and would cause them to bend over uniformly and recover themselves
to the straight position exactly as we observe the action to take place. Such
action can in fact be imitated with a fine indiarubber tube, one side of which
has been rendered less extensible than the other. 1f such a tube is fixed to a
syringe and the free end is closed and the whole filled with water, an increase
of pressure within the tube causes it to bend over exactly in the manner of a
cilium, and on removing the pressure the tube resumes its straight form.
Moreover, this hypothesis has the advantage over the others which have been
offered that it explains the movements of cilia on a theory which is precisely
similar to that which gives the most probable explanation of amaboid
movements of protoplasm, viz., that they are due to variations in tension of
protoplasm, and it thus brings both forms of protoplasmie activity into line
with one another. It will presently be shown that the changes which oceur
in muscle in contraction are susceptible of a similar explanation.
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LESSON IX.

THE CONNECTIVE TISSUES.

AREOLAR AND ADIPOSE TISSUE, RETIFORM TISSUE.

1. Take a little of the subcutaneous tissue or of the intermuscular connective
tissue of a rabbit or guinea-pig and spread it out with needles on a dry slide
into a large thin film. Keep the centre moist by occasionally breathing on
it, but allow the edges to dry to the slide. Before commencing put a drop
of salt solution on a cover-glass, and now invert this over the film. Examine
with a high power. E'I-:etc’fl one or two bundles of white fibres and also one
or two elastic fibres, distinguishable from the former by their sharp outline,
isolated course, and by their branching. Sketch also one or more connective-
tizssue corpuscles, if any such are visible in the clear interspaces. Look also
for migratory cells (leucocytes). Next carefully remove the cover-glass
and replace the salt solution by dilute acetic acid (1 per cent.). Watch
its effect in swelling the white fibres and bringing more c{em*ly into view the
elastie fibres and corpuscles. Look for constricted bundles of white fibres.

2. Make another film in the same way, but allow to dry completely.
Pour over the film a 1 per cent. solution ﬂf} magenta in 50 per cent. aleohol,
to which 1 drop per cubic centimetre of a 1 per cent. solution of gentian
violet in alcohol has been added. After one minute drain this off, wipe
round the specimen and allow the staining solution to dry on the film. When
completely dry mount in xylol balsam. The elastic fibres are deeply stained :
the cells are also well shown.

3. Prepare another film of the subeutaneous tissue, including a little
adipose tissue in exactly the same way as 2. Examine first with a low
and afterwards with a high power. The nucleus and envelope of the fat-
cell are well brought out by the stain, and, if from a young animal, fat-cells
will be found in process of formation. Measure and sketch two or three
of the cells.

4. Spread out another large film of connective tissue, letting its edges dry
to the slide, but keeping the centre moist by the breath. Place on its centre
a large drop of nitrate of silver solution (075 per cent.). After ten minutes,
wash this away with distilled water, and expose to direct sunlight until
stained brown. Now allow the film to dry completely, and mount it in
(Canada balsam dissolved in xylol. Cover! and examine. Sketch the out-
lines of two or three of the cell-spaces.

5. To display retiform tissue the following method is recommended
(Spalteholz). Place a piece of the organ (eg. lymphatic gland) for twenty-
four hours or more in aleohol, then overnight at 38° C.inal per cent.
solution of carbonate of soda to which a few drops of glycerine extract of
pancreas have been added. Cautiously transfer the semi-digested structure
to alcohol again, and leave it for a few hours. Embed in parafhn in the
usual way and stain the sections with iron hwematoxylin® The fibrils of
connective and retiform tissue are the only structures which have remained
undigested and they are deeply coloured by the heematoxylin.

1 Preparations which are mounted in Canada balsam solution will soon become
fixed by the hardening of the Canada balsam at the edges of the cover-glass.
They must on no account be cemented with gold size.

?8ee Appendix.
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The connective tissues include wreolar tissue, adipose tissue, elaskic
tissue, fibrous tissue, refiform and lymphoid tissue, carfilage and bone.
All these tissues agree in certain microscopical and chemieal characters.
They, for the most part, have a large amount of intercellular substance
in which fibres are developed, and these fibres are of two kinds—
white and yellow or elastic.  Moreover, there are many points of simi-
larity between the cells which oceur in these tissues; they are all
developed from the same embryonic formation, and they tend to
pass imperceptibly the one into the other. Besides this, the use of
these several tissues is everywhere similar; they serve to connect
and support the other tissues, performing thus a passive mechanical
function. They may therefore be grouped together, although differ-
ing considerably in external characters. Of the connective tissues,
however, there are three which are so intimately allied as to he
naturally considered together, being composed of exactly the same
elements, although differing in the relative development of those
elements: these are the areolar, elastic, and fibrous tissues. Adipose
tissue and retiform tissue may both be looked upon as special modi-
fications of areolar tissue. Areolar tissue being the commonest and,
in a sense, the most typical, its struncture may be considered first.

Fig. 9. —BUNDLES OF THE WHITE FIBRES OF AREOLAR TISSUE PARTLY
UNBAVELLED. (Sharpey.)

Areolar tissue.—The areolar tissue presents to the naked eye an
appearance of fine transparent threads and laminz which intercross in
every direction with one another, leaving intercommunicating meshes,
or areole, between them. When examined with the microscope, these
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threads and fibres are seen to be principally made up of wavy bundles
of exquisitely fine transparent fibres (whife fibres, fig. 59). The bundles
run in different directions, and may branch and intercommunicate with
one another; but the individual fibres, although they pass from one
bundle to another, never branch or join other fibres. The fibres are
cemented together into the bundles by a clear substance containing
mucin, and the same clear material forms also the basis or grownd-
substance of the tissue, in which the bundles themselves course, and in
which also the corpuscles of the tissue liec embedded. This ground-
substance between the bundles can with difficulty be seen in the fresh
tissue on account of its extreme transparency ; but it can be brought to
view by staining with nitrate of silver, as in §4. The whole of the
tissue is thereby stained of a brown colour, with the exception of the
spaces which are occupied by the corpuscles (cell-spaces, fig. 60).

F16. 60.—GROUND SUBSTANCE OF CONNECTIVE TISSUE STAINED EY SILVER.
The cell-spaces are left white, From a photograph. (Magnified 250 diameters,)

Besides the white fibres of connective tissue here described, fibres
of a different kind (fig. 61) may be made out in the preparations; these
ave the elastic fitres. They are especially well seen after treatment
with acetic acid, and after staining with magenta, or, in sections,
with orcein ; but they can be detected also in the fresh preparation.
They are characterised by their distinct outline, their straight course,
the fact that they never run in bundles, but singly, and that they
branch or join neighbouring fibres. If broken by the needles in
making the preparation, the elastic recoil causes them to curl up,
especially near the broken ends. Besides these histological differ-
ences, the two kinds of fibres differ also in their chemical characters.
Thus the white fibres are dissolved by boiling in water, and yield
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gelatin, but are not dissolved by tryptic Higeat:ion; whereas the
substance of which the elastic fibres are composed (elastin) resists
for a long time the action of boiling water, although it is dissolved

Fic. 61, —ELASTIC FIBRES OF AREOLAR
TISRUE. FROM THE SUBCUTANEOUS
TISSUE OF THE RABBIT.

Fii. 62,—A WHITE BUNDLE SWOLLEN BY
ACETIC ACID. FROM THE SUBARACH-
%OID TISSUE AT THE BASE OF THE
BRAIN. (Toldt.)

by tryptic digestion. Moreover, the white fibres swell and become
indistinet under the action of acetic acid; the elastic fibres are
unaltered by this reagent. Elastic fibres appear to have a sheath
which is more resistant to reagents than the middle of the fibre.

The bundles of white fibres which have been swollen out by acid
sometimes exhibit constrictions at irregular intervals (fig. 62). These
are in most instances due to elastic fibres coiling round the white
bundles.

The cells of areolar tissue.—Several varieties of connective-tissue
cells are distinguished, viz.: (1) Lamellar cells, which are flattened
and often branched (fig. 63, ¢, ¢') and may be united one to the
other by their branches, as in the cornea, or are unbranched and
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F16, 63. —SUBCUTANEOUS TISSUE FROM A YOUNG BABBIT, PREPARED AS DIRECTED
1x § 1. (Highly magnified.)

The white fibres are in wavy bundles ; the elastic fibres form an open network. p, @,
plasma-cells ; g, g:mnule-l:el'l',: e, ¢, lamellar-cells ; r, fibrillated-cell.

S

Fig. 64. —EPITHELIOID CELLS OF CONNECTIVE TISSUE FROM THE SURFACE OF
AN APONEUROSIS. (Nitrate of silver preparation.)
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joined edge to edge like the cells of an epithelinm (fig. 64);
the cell-spaces have in all cases a similar arrangement. (2) Facuo-
lated or plasma cells (fig. 63, p), which are composed of a soft much-
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Fig. 65, —A SMALL FAT-LOBULE FROM THE SUBCUTANEOUA TISSUE OF THE
GUINEA-PIG.

«, small artery distributed to the lobule ; v, small vein ; the capillaries within the
lobule are not visible.

FiG. 66.—A FEW CELLS FROM THE MARGIN OF A FAT-LOBULE. (Highly magnified.
From a photograph. )

f.g. fut-globule distending a fat-eell ; %, nuclens ; m, membranous envelope of the fat.
cell; e v bunch of ervstals within a fat-cell ; ¢, capillary vessel ; v, vanule ; ¢ f. con-
nective.tizsne cell ) g, granular cell ; the conneetive-tissue fibres are not.represented.

vacuolated protoplasm, rarely flattened, but otherwise wvarying
greatly in shape and size. (3) Granular cells (g) (* Mast™-cells of
Ehrlich), usually spheroidal or ovoidal in shape, and formed, like
the plasma-cells, of soft protoplasm, but thickly oceupied with albumi-
nous granules, which are deeply stained by gentian violet and by other
hasic aniline dyes. Migratory leucocytes may also be seen here and
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there in the areolar tissues (wander-cells). In the middle coat of the
eye in mammals, and in some parts of the skin, some of the connective-
tissue cells arve filled with granules of pigment ( pigient-cells).

The cells lie in spaces in the ground substance, between the bundles
of white fibres. In some parts of the connective tissue the white
bhundles are developed to such an extent as to pervade almost the
whole of the ground-substance, and then the connective-tissue corpuscles
become squeezed into the interstices, flattened lamellar expansions of
the cells extending between the bundles, as in tendon (see next
Lesson).

The cells and cell-spaces of areolar tissue come into intimate relation
with the cells lining the lymphatic vessels and small blood-vessels.
This connection can best be seen in silvered preparations; it will be
again referred to in speaking of the origin of the lymphatics,

Adipose tissue consists of vesicles filled with fat (figs. 65, 66), and
collected into lobules, or into tracts which accompany the small blood-

Fia. 67.—DEPOSITION OF FAT IN CONNECTIVE-TISSUE CELLS.

Jya cell with a few jzolated fat-droplets in its protoplasm ; 7', a cell with a single large
and several minute drops ; 7, fusion of two large drops; g, granular cell, not yet
exhibiting any fat-deposition ; etf., flat connective-tissue corpusele [ ¢, ¢ network of
capillarics,

vessels. The vesicles are round or oval in shape, except where closely
packed, when they become polyhedral from mutual compression. The
fat-drop is contained within a delicate protoplasmic envelope (fig. 66, m)
which is thickened at one part, and here includes an oval flattened
nuclens. The fat is stained of an intense black by osmic acid. The
vesicles are supported partly by filaments of areolar tissue, but chiefly
by a fine network of capillary blood-vessels.

The fat when first formed is deposited within granular cells of areolar

tissue (fig. 67) similar in general appearance to the * Mast "-cells of
Ehrlich ; some authorities regard them as of a specific nature. The
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fat appears to be produced by a transformation of the albuminous
grannles into droplets of fat. As these droplets increase in size they
run together into a larger drop, which gradually fills the cell more and
more, swelling it out so that the cell-protoplasm eventually appears
merely as the envelope of the fat-vesicle.

Fat is found most abundantly in subeutaneous areolar tissue, and
under the serous membranes; especially in some parts, as at the

Fi6. 68.-~LYMPHOID TISSUE FROM A LYMPHATIC GLAND. (Moderately magnified.)

éry a trabeculumn of connective tissue ; », +/, retiform tissue, with more open meshes at »
and demser at "

FiG. 68 A.—PORTION OF THE ABOVE, MORE HIGHLY MAGNIFIED,

showing the econtinuity of the retiform tissue, », », with the connective tissue of a
trabeculum, £

back of the peritonenm around the kidneys, under the epicardium,
and in the mesentery and omentum. The yellow marrow of the
hones is also principally composed of fat. There is no adipose tissue
within the cavity of the eranium.

Retiform or reticular tissue (figs. 68, 69) is a variety of connective
tissue in which the intercellular or ground-substance has mostly dis-
appeared or is replaced by fluid. There are very few or no elastic
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fibres in it, and the white fibres and bundles of fibres form a dense
network, the meshes of which vary in size, being very small and
close in some parts; more open and like areolar tissue in other parts.
In some places where the tissue occurs the fibres are almost everywhere
enwrapped by flattened branched connective-tissue cells, and until
these are removed it is not easy to see the fibres. Chemiecal differences
have been stated to occur between the fibres of retiform tissue and
those of ordinary areolar tissue, but these are doubtful, and it is cer-
tain that microscopically the fibres of the tissues are indistinguishable
from and are found in continuity with one another (see figs. 684, 69).

Fra. 69, —LYyMPHOID TISSUE OF A LYMPHATIC GLAXNID.

Lymphoid or adenoid tissue is retiform tissue in which the meshes
of the network are largely occupied by lymph-corpuscles, This is by
far the most common condition of a retiform tissue, and is met with
in the lymphatic glands and allied structures, and also in the tissne
of the alimentary mucous membrane, and in some other situations.

Basement-membranes (membrane proprie) are homogeneous-looking
membranes, which are found forming the surface-layers of connective-
tissue expansions in many parts, especially where there is a covering
of epithelinum, as on mucous membranes, in secreting glands, and else-

F
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LESSON X,
THE CONNECTIVE TISSUES (continued).

ELASTIC TISSUE, FIBROUS TISSUE, DEVELOPMEXT OF CONNECTIVE TISSUE.

1. TeAsE out as finely as possible a small shred of elastic tissue (ligamentum
nuche of the ox or ligamenta subflava of man) in glycerine and water,
slightly coloured by magenta. Cover and cement the preparation. Note
the large well-defined fibres constantly branching and uniting with one
another. Look for transverse markings on the fibres. Measure three or
four. Sketch a small part of the network. Note the existence of bundles
of white fibres amongst the elastic fibres,

2. Examine a thin transverse section of ligamentum nuchse which has
been hardened in 2 per cent. solution of bichromate of potash. The section
is to be stained with hsemalum and mounted in Canada balsam by the usual
process,! or simply in glycerine and water. Observe the grouping of the
fibres and their angular shape. Notice also the nuclei of connective-tissue
cells amongst the fibres.  Sketch one or two groups.

3. Pinch off the end of the tail of a dead mouse or rat, draw out the long
silk-like tendons and put them into salt solution. Take two of the threads,
which must be at least two inches long, and stretch them along a slide,
letting the ends dry firmly to the slide but keeping the middle part moist.
Put a piece of hair between them and ecover in salt solution. Observe with
a high power the fine wavy fibrillation of the tendon. Draw. Now run
dilute acetic acid (075 per cent.) under the cover-glass, watch the tendons
where they are becoming swollen by the acetic acid. Notice the oblong
nucleated cells coming into view between the tendon-bundles.. Sketch three
or four cells in a row. Lastly, lift the cover-glass, wash away the acid with
distilled water, place a drop of Ehrlich’s heematoxylin or carmalum solution
on the tendons, and leave the preparation until it is deeply stained ; then
wash away the stain and mount the preparation in f]aiutl}' acidulated
glycerine. Cement the cover-glass with gulld size.

4. Take one or two other long pieces of tendon, and after washing them
in distilled water, stretch them upon a slide as before, fixing the ends by
allowing them to dry on to the slide. Put a drop of nitrate of silver solution
(075 per cent.) on the middle of the tendons, and leave it on for five minutes,
keeping the preparation in the dark. Then wash off the silver nitrate with
distilled water, and expose the slide to direct sunlight. In a very few
minutes the silvered part of the tendons will be brown. As soon as this is
the case, dehydrate tﬁz tendons with aleohol @ site upon the slide, ran off
the aleohol, and at once put a drop of elove oil on the preparation. Ina
minute or two the clove oil can be replaced by xylol balsam and covered.

5. Stain with magenta solution a thin section of a tendon which has been
hardened in 70 per cent. alcohol. Mount in dilute glycerine and cement the
cover-glass at once. Sketch a portion of the section under a low power.

I See Appendix.
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Elastic tissue is a variety of connective tissue in whieh the elastie
fibres preponderate. It is found most characteristically in the liga-
mentum nuche of quadrupeds and the ligamenta subflava of the
vertebre, but the connective tissue of other parts may also have a
considerable development of elastic fibres. It occurs in an almost
pure form in the walls of the air-tubes, and uniting the cartilages of
the larynx. It also enters largely into the formation of the lungs
and of the walls of the blood-vessels, especially the arteries.

In the ligamentum nuchz most of the fibres are very large (figs.
70, 71). They often exhibit cross-markings or even transverse clefts.

Pk R L ki IR T
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F16. 71.—CROSS-SECTION OF ELASTIC FIBRES
FROM THE LIGAMENTUM NUCH.E OF THE OX.

FiG. 70.—ELASTIC FIBRES FROM THE LIGA-

MENTUM RUCHE OF THE O0X, BHOWING

TRANSVERSE MARKINGS ON THE FIBRES.

When dragged asunder, they break sharply across. They constantly
branch and unite, so as to form a close network. In transverse section
they are seen to be separated into small groups or bundles (fig. 71) by
intervening septa of areolar tissue.

Elastic tissue does not always take the form of fibres, but may occur
as membranes (as in the blood-vessels). Sometimes the fibres are very
small, but their microscopical and chemical characters are always very
well marked (see p. 59).

Fibrous tissue is almost wholly made up of bundles of white fibres
running in a determinate direction. These again are collected into
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larger bundles, which give the fibrous appearance to the tissue. The
bundles are constantly uniting with one another in their course,
although their component fibres remain perfectly distinet.

- The interspaces between the larger bundles are occupied by areolar
tissne (fig. 72, ¢, d, ) in which the blood-vessels and lymphatics of the

=
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Fi1G. 72.,—PART OF A LARGE TENDOX IN TRANSVERSE SECTION. (Moderately magnified.)

i, areolar sheath of the tendon, with the fibres for the most part running tranaversely ;
but with two or three longitudinal bundles, b; f, lymphatic cleft in the sheath ;
immediately over it a -veszel 18 seen cub across, and on the other side of the
figure a amall artery is shown eut longitndinally ; ¢, large septum of areolar tissue ;
o, smaller soptum ; ¢, still smaller septum. The irregularly stellate bodies are the
tendon-cells in section.

Fig, T3.—TENDON OF MOUSE'S TAIL ; SHOWING CHAINS OF CELLS RETWEEN THE
TENDON-BUNDLES. (175 diameters.)

fibrous tissue are conveyed. The interstices between the smallest bundles
are occupied by rows of lamellar connective-tissue corpuscles (fendon-cells),
which, from being squeezed up between three or more bundles, become
flattened out in two or three directions. In transverse section the
cells appear somewhat stellate (figs. 72, 74), but when seen on the flat
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they appear lamellar (fig. 73), and from this aspect their general shape
is square or oblong. They lie, as before said, in rows between the
tendon-bundles, and the nuclei of adjacent cells are placed opposite one

Fio., 74.—TRANSVERSE SECTION OF TENDON OF
MOUSE'S TAIL, STAINED. (175 diameters.)
The flattened processes of the temdon-cells appear
in section as lines, frequently coming off at right

angles from the body of the cell.

another in pairs (fig. 75). The cell-spaces correspond in general figure
and arrangement to the cells which oceupy them (fig. 76).

Fibrous tissue forms the tendons and ligaments, and also certain
membranes, such as the dura mater, the fibrous pericardium, the
fasciw of the limbs, the fibrous covering of certain organs, ete. It is
found wherever great strength combined with flexibility, is concerned.

Fic, 75.—EIGHT CELLS FROM THE SAME TENDON AS REPRESENTED IN FIG. 61,
(425 diameters.)

The dark lines on the surface of the cells are the optical sections of lamellar extensions
directed towards or away from the observer., :

Fic. 76,—CELL-SPACES OF TENDOXN OF MOUSE'S TAIL, BROUGHT INTO VIEW BY
TREATMENT WITH NITRATE OF 2ILVER. (175 diameters.)

It receives a few blood-vessels, disposed longitudinally for the most
part, and contains many lymphatics. Both blood-vessels and lymphatics
run in the areolar tissue which separates and surrounds the tendon-
bundles. Tendons and ligaments also receive nerve-fibres, which, in
some cases, end in localised ramifications within fusiform enlargements
of the tendon-bundles (organs of Golgi), while others terminate in end-
bulbs or in simple Pacinian corpuscles. These will be described along
with the modes of ending of nerve-fibres.
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Development of connective tissue.—Connective tissue is always
developed in the mesoblast or mesoderm of the embryo. In those
parts of this layer which are to form connective tissue, the embryonic

Fic. 77.—DEVELOPMENT OF ELASTIC TISSUE BY DEPOSITION OF FINE GRANULES,
(Ranvier, )

g, fibres being formed of rows of °elastin ® granules ; p, flat plate-like expansion of
- elastic substance formed by the fusion of °elastin® granules.

cells become separated from one another by a muco-albuminous semi-
fluid intercellular substance (ground-substance), but the cells generally
remain connected by their processes. The connective tissue fibres,
both white and elastic, are probably deposited in this ground-substance,
the elastic substance in the form of granules (fig. 77, 4), which sub-

FiG. 78, —8EcTiox oF JELLY OF WHARTON. (Flemming.)
A, moderately magnified, showing mmified ecells intercommunieating by their

branches; B, two cells further enlarged, showing portions of wavy fibrils passing
over tho Elﬂlrt.

sequently become connected together into elastic fibres or lamina,
as the case may be, the white fibres appearing at first in the form
of very fine bundles, which afterwards become gradually larger; so
that in fibrous tissue the whole ground-substance is eventually per-
vaded by the bundles, and the cells of the tissue become squeezed up
into the intervals between them. Before any considerable development
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LESSON XI.
THE CONNECTIVE TISSUES (continued).

ARTICULAR CARTILAGE! SYNOVIAL MEMBRANES.

1. Cor two or three very thin tangential slices of the fresh cartilage of a
joint, mount them in salt solution, and examine with the high power,
Observe carefully the form and grouping of the cells. Look at the thin
edge of the section for spaces from which the cells have dropped out.
Measure two or three cells and their nuclei, and sketch one or two groups.
Now replace the salt solution by water and set the preparation aside for a
little while. On again examining it, many of the cartilage cells will be
found to have contracted away from their containing capsules.

2. Make other sections of the cartilage (1) from near the middle, (2) from
near the edge. Place the sections for two or three minutes in acetic acid
(1 per cent.), wash them with water, and stain with dilute haemalum or
carmalum solution. When stained mount in dilute glycerine and cement
the cover-glass. In (2) look for branched cartilage cells. Draw one or two.

3. Make vertical sections of articular cartilage from an end of bone which
has been decalcified in 05 per cent. chromic acid solution, and mount the
sections in glycerine and water, or, after staining with carmalum, in xylol
balsam. Sketch the arrangement of the cells in the different layers.

4. Brush a fresh joint with distilled water ; drop 0°7T5 per cent. nitrate of
silver solution over it; after five minutes wash away the nitrate of silver
and expose in water to direct sunlight. When browned, place in spirit for
half an hour or more, and then with a razor wetted with spirit cat thin
sections from the surface and mounnt in xylol balsam after passing through
clove oil. The cells and ecell-spaces show white in the brown ground-
substance. Draw,

5. To study the structure of the synovial membrane mount other slices
from the silvered preparation of the joint (§ 4) just beyond the limits of the
articular cartilage, and also look for small fringed projections of the
membrane. Snip them off with scissors and mount as before in balsam.

6. The superficial flexor tendons of the foot of the ox or sheep run in
grooves formed by the deep flexors, and these grooves are lined, and the
tendons which pass through them are covered E}' vaginal synovial mem-
branes. To show the structure of these treat one of the superficial flexor
tendons with silver nitrate in the same way as recommended for the joint,
and after hardening in spirit cut sections from the surface and mount them
in balsam.

e — e ——— o

Cartilage or gristle is a translucent bluish-white tissue, firm, and at
the same time elastic, and for the most part found in connection with
bones of the skeleton, most of which are in the embryo at first repre-
sented entirely by cartilage. Three chief varieties of cartilage are
distinguished. In one, which is termed /Ayaline, the matrix or ground-
substance is almost clear, and free from obvious fibres; in the other
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two, which are termed filro-cartilage, the matrix is everywhere pervaded
by connective-tissue fibres. When these are of the white variety, the
tissue is white filro-carfilage ; when they are elastic fibres, it is yellow or
elastic fibro-cartilage.

Fira. 79, —ARTICULAR CARTILAGE FROM HEAD OF METATARSAL BONE OF AMPU-
TATED FOOT, HUMAK ([OSMIC ACID PREP&MT]OH:I_. THE CELL-BOIMES
ENTIRELY FILL THE SPACES IN THE MATRIX. (340 diameters.)

e, group of two eclls; 4, groap of four cells ; &, protoplasm of cell, with g, fatty
granules ; n, nucleus,

Hyaline cartilage occurs principally in two situations—namely (1)
covering the ends of the bones in the joints, where it is known as.
articular cartilage ; and (2) forming the rib-cartilages, where it is known
as costal cartilage. . 1t also forms the cartilages of the nose, of the
external auditory meatus (but not the pinna), most of those of the
larynx, and the cartilages of the windpipe; in these places it serves.
to maintain the shape and patency of the orifices and tubes.

Articular cartilage.—The cells of articular cartilage are generally
scattered in groups of two or four throughout the matrix (fig. 79).
The latter is free from obvious fibres, except at the extreme edge
of the cartilage, where the connective-tissue fibres from the synovial
membrane extend into it, and here also the cartilage-cells are often
branched, and offer transitions to the branched connective-tissne
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corpuscles of that membrane (fransitional cartilage, fig. 80). By long
maceration in brine, however, evidence of a fibrous structure may be
obtained, even in the matrix of true hyaline cartilage. Some his-

ﬂ é r — 5

Fic. 80.—BORDER OF ARTICULAR CARTILAGE SHOWING TRANSITION OF CARTIL-
AGE CELLS INTO CONNECTIVE-TISSUE CORPUSCLES OF SYNOVIAL MEMERANE.
FROM HEAD OF METATARSAL BONE, HUMAN. (About 340 diameters.)

a, ordinary cartilage-cells ; &, &, with branching processes,
tologists also describe fine communications in the matrix uniting the
cartilage-cells with one another, but these are of doubtful oceurrence in
vertebrate cartilage, although they unquestionably exist in the cartilage
of cephalopods.

The matrix immediately around the cartilage-cells is often marked
off from the rest by a concentric line or lines, this part of the matrix,
which is the latest formed, being known as the capsule of the cell. The
cells are bluntly angular in form, the sides opposite to one another
in the groups being generally flattened. The protoplasm is very
clear, but it may contain droplets of fat; and with a high power
fine interlacing filaments and granules have heen observed in it
During life the protoplasm entirely fills the cavity or cell-space which
it occupies in the matrix; but after death, and in consequence of
the action of water and other agents, it tends to shrink away from
the capsule. The nucleus is round, and shows the usual intranuclear
network.

In vertical section (fig. 81) the deeper cell groups (¢) are seen to be
arranged vertically to the surface, the more superficial ones («) parallel
to the surface; whilst in an intermediate zone the groups are irregu-
larly disposed (). In the deepest part of the cartilage, next to the
bone, there is often a deposition of calcareous salts in the matrix (calcified
cartilage, d).

The disposition of the cells of cartilage in groups of two, four, eight,
ete., is apparently due to the fact that these groups have originated
from the division of a single cell first into two, and these again into
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two, and so on (fig. 82). It would seem that the matrix is formed of
suceessive portions, which are deposited around each cartilage-cell as
the so-called ‘ capsules,” each newly formed portion soon blending in its

Fic. 81.--VERTICAL SECTION OF ARTICULAR CARTILAGE COVERING THE LOWER
END OF THE TIBIA, HUMAN. (Magnified about 30 diameters.)
a, cells and cell-groups flattened conformably with the surface; &, cell-groups irre-
gularly arranged ; e, cell.groups disposed perpendicularly to the surface ; d, layer
of caleified cartilage ; e, bone,

turn with the previously formed matrix, whilst a new ca.pauia is formed
within it. The division of the cartilage-cell, like that of other cells, is

mitotic.
A B C D E

Fic. 82— PLAN OF THE MULTIPLICATION OF CELLS OF CARTILAGE. (Sharpey.)
each with a capsule; ¢, primary capsule
1 im-ﬁnry dlénim St

A, cell in its capsule; B, divided into two,
with matrix; D

mmﬁipﬁéﬁgﬁﬁuA?mw&mt with matrix. :
Embryonic cartilage is characterised by the cells being usually more
sharply angular and irregular; they are even in some cases markedly
branched, like those which oceur at the junction of cartilage and
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synovial membrane in the adult. The cells are also more closely
packed, the matrix being in relatively less amount than in later life.

Development.—Cartilage is formed in the embryo from mesoblast
similar to that which gives origin to other forms of connective-tissue,

Each cell forms a capsule around itself, and
the blended capsules compose the first
matrix. Cartilage sometimes remains in
this condition throughout life ; it is then
termed parenchymatous cartilage. This can
be seen in the mouse’s ear; where also the
cartilage cells become filled with fat. Car-
tilage grows at first partly by interstitial
expansion (accompanied by cell multiplica-
tion and by formation around and between
the cells of intercellular substance), partly
by apposition at the perichondrium, the
connective-tissue becoming here transformed
into cartilage. At a later period of growth
the increase in size and change in shape of
cartilages are due almost entirely to the
agency of the perichondrium.

The synovial membranes are often com-
pared with the serous membranes. They
are indeed, like the latter, connective-tissue
membranes which bound closed cavities
moistened with fluid, but they are not
connected with the lymphatic system, nor
is the fluid (synovia) which moistens them

F16.83. — VILLUS OF SYNOVIAL
MEMBRANE. (Hammar.)

of the nature of lymph. Moreover, there is either no epithelial
lining, or it oeccurs only in patches, in place of the continnous
lining which we find in the serous membranes. Long villus-like
projections oceur In many parts ; they are often covered by small
rounded cells, and probably serve to extend the surface for the
secretion of synovia. The blood-vessels of synovial membranes are
numerous, and approach close to the inner surface of the membrane.
They are well seen in preparations from an injected limb.
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LESSON XIL

THE CONNECTIVE TISSUES (continued).

COSTAL CARTILAGE. FIBRO-CARTILAGE.

1. Make transverse and tangential sections of a rib-cartilage, which may
either be fresh, or may have been preserved in spirit or formol. Stain them
with heemalum or carmalum (if fresh, after treatment with acetic acid as in
Lesson X1, § 2, or they may be placed for an hour or two in *5 p.c. osmic
acid), and mount in glycerine. Sketch a part of a transverse section under
a low power and a cell-group from one of the tangential sections under a
high power. Notice especially the arrangement of the cells, somewhat
concentric near the surface but radial near the centre. The costal cartilages
tend to become ossified near the middle in most animals, but in man when
ossification pccurs it is the superficial layer which is invaded.

2. Make sections of the cartilage of the external ear (pinna), either fresh
or after hardening in alecohol. Mount in dilute glyecerine faintly coloured
with magenta, or stain with orcein and mount in balsam. If from the
ox, notice the very large reticulating elastic fibres in the matrix. Notice
also the isolated granules of elastin, and around the cartilage-cells the area
of clear ground-substance. If from the mounse or rat there is very little
matrix and no elastic fibres, and the cells are almost in contact (parenchy-
matous cartilage). Draw a small portion of the section.

3. Mount a section of the epiglottis in the same way. Notice the closer
network of much finer fibres in its cartilage.

4. Cut sections of white fibro-cartilage (intervertebral disk or semilunar
cartilage of knee), which has been hardened in picric acid, followed by spirit,
or in spirit only. Stain the sections with di?ute hemalum or uarmal;um.
Mount in dilute glycerine. Observe the wavy fibres in the matrix and the
cartilage-cells lying in clear areas often concentrically striated. Look for
branched cartilage-cells. Sketch three or four cells and the adjoining fibrous
matrix.

e

Costal cartilage.—In the costal cartilages the matrix is not always
so clear as in the cartilage of the joints, for it more often happens that
fibres become developed in it. The cells are generally larger and
more angular than those of articular cartilage, and collected into larger
groups (fig. 84). Near the circumference, and under the perichon-
drium or fibrous covering of the cartilage, they are flattened and
parallel to the surface, but in the deeper parts they have a more
irregular or a radiated arrangement. They frequently econtain fat,
staining with osmic acid. The cartilages of the larynx and windpipe
and of the nose resemble on the whole the costal cartilages, but the
study of them may be deferred until the organs where they oceur are
«dealt with.

Elastic or yellow fibro-cartilage occurs in only a few sitnations.
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These are, the cartilage of the external ear and that of the Eustachian
tube, and the epiglottis and cartilages of Santorini of the larynx. The

Fie. 84.—SECTIOX OF RIB-CARTILAGE, SHOWING CELLS AND CELL-GROUPS IN
AN INDISTINCTLY FIBROUS MATRIX.

Two or three ompty cell-spaces are seen from which the eells have dropped out in
- preparing the section.

matrix is everywhere pervaded with well-defined branching fibres,
which unite with one another to form a close network (fig. 85).

FiG. 86.—SECTION OF PART OF THE CARTI-
Fi. 85.—SECTION OF THE ELASTIC cartl-  LAGE OF THE EPIGLOTTIS.  (Ranvier.)

¥ : a, cartilage cell in clear aren ; b, granular-looking

LAGE %:dﬂ]]l EaR. (Hertwig.) (Highly matrix near the middle of the cartilage, the

Inagnined. grannlar appearanee be:ing due partly to the

fine reticulum of elastic fibres, partly to the

presence of ules of elastic substance in the

matrix ; ¢, clearer matrix with longer fibres.

These fibres resist the action of acetic acid, and are stained deeply
by magenta ; they are evidently elastic fibres. In the ox they are
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very large, but smaller in man, especially in the cartilage of the
epiglottis (fig. 86).. They appear to be developed, as with elastic
tissue elsewhere (see p. T1), by the deposition of granules of elastin
in the matrix, which at first lie singly, but afterwards become joined
to form the fibres.

White fibro-cartilage is found wherever great strength combined
with a certain amount of rigidity is required : thus we frequently
find fibro-cartilage joining bones together, as in the intervertebral
disks and other symphyses. But in these cases the part in contact
with the bone is always hyaline cartilage, which passes gradually
into the fibro-cartilage forming the bulk of the symphysis. Fibro-
cartilage is often found lining grooves in which tendons run,

Fia. 87.—WHITE FIBRO-CARTILAGE FROM AN INTERVERTEBRAL DISK, HUMAN.
(Highly magnified.)

The eoncentric lines around the colls indieate the limits of d t of successive
capsules. Omne of the cells has a forked process which extends beyond the hyaline
aren surrounding the cell, amongst the fibrea of the general matrix.

and it may be found in the tendons themselves, It iz also em-
ployed to deepen cup-shaped articular surfaces; and in the case of
the interarticular cartilages, such as those of the knee and lower jaw,
to allow greater freedom of movement whilst diminishing the liability
to dislocation. Under the microscope white fibro-cartilage looks very
like fibrous tissue, but its cells are cartilage-cells, not tendon-cells
(fig. 87). They are rounded or bluntly angular and surrounded by
a concentrically striated area of clear cartilage-matrix. In some
parts of the intervertebral disk many of the cells are branched,
and may be looked upon as transitional forms to connective-tissue
corpusecles.
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LESSON XIIL
BONE AND MARROW.

1. Ix thin sections of hard bone made by grinding, observe the Haversian
canals, lamellwe, lacunwe, canaliculi, ete. Make a sketch first under a low and
afterwards under a high power.

2. With fine forceps strip off a thin shred from the saperficial layers of a
bone which has been decaleified in dilute nitric acid and afterwards kept for
some time in dilute aleohol repeatedly changed. Mount the shred in water,
Observe the fibrous structure of the lamellee. Look for perforating fibres or
the holes from which they have been dragged out. Sketch a small piece of
the thin edge of a lamella.

3. Stain with dilute magenta and hiemalum solution, or with methyl-blue
and eosin, very thin sections of compact bone which has been decaleified in
chromic or picric acid, or in phloroglucin and nitric acid, and mount in
dilute glyeerine, cementing at once. Look for fibres of Sharpey piercing
the circumferential lamellze. The elastic perforating fibres are more darkly
stained than the others. Notice the stained nueler of the bone-corpuscles
in the lacun#g. In the thinnest parts of the sections try to make out the
blood-vessels and other structures in the Haversian canals.

4. Mount in xylol balsam sections of marrow fixed with mercuric chloride
and stained with eosin and methyl blue from a long bone of a rabbit.
Observe the fat-cells, the supporting reticular tissue, the proper marrow-cells
in this tissue, the myeloplaxes and the erythroblasts.

3. Tease in salt solation or serum some of the red marrow from the rib of
a recently killed animal. Observe and sketch the proper marrow-cells and
look for myeloplaxes and nucleated coloured blood-corpuseles (ervthroblasts).

6. Make a film preparation of red marrow by smearing a little upon
a cover-glass or slide, allowing it to dry guickly, and placing it in a mixture
of equaf parts of ether and alcohol. After an hour or more in this, the
prepavation may be stained with eosin and methylene blue in exactly the
same way as a film preparation of blood (see Lesson I, § 5), and mounted in
xvlol halsam.

Bone is a connective tissue in which the ground-substance is im-
pregnated with salts of lime, chiefly phosphate, these salts consti-
tuting about two-thirds of the weight of the bone. When bones are
macerated this earthy matter prevents the putrefaction of the animal
matter. When bones are calcined they lose one-third of their weight,
owing to the destruction of the animal matter ; when steeped in acid
the earthy salts are dissolved and only the animal matter is left. This,
like areolar and fibrous tissue, is converted into gelatine by boiling.

Bony tissue is either compact or cancellafed. Compact bone is dense,

like ivory ; cancellated is spongy with obvious interstices. The outer
F
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layers of all bones are compact, and the inner part is generally can-
cellated, but the shaft of a long bone is almost entirely made up of
compact substance except along the centre, which is hollow and filled
with marrow. The interstices of cancellated bone are also occupied
by marrow. Externally bones are covered except at the joints by a
vascular fibrous membrane, the periostewm.

True bone is always made up of lamelle, and these again are com-
posed of fine fibres lying in a caleified ground-substance. Between the

' lamellz are branched cells,
the bone-corpuscles, which
lie in cell-spaces or lacune,
Theramified passages which
contain the cell-processes
are termed canaliculi.

In cancellated bone the
blood-vessels run in the
interstices supported by the
marrow. In compact bone
they are contained in little
canals—the Haversian canals
—which everywhere per-
vade the bone. These canals
are about 005 mm. (ylg
inch) in diameter, but some
are smaller, others larger
than this, Their general
direction is longitudinal,
i.e. parallel to the long axis
Fira, 838 —TRANSVERSE SECTION OF A BONE (ULNA). of the bDnE, ‘bul'- thE].r aro

(Sharpey.) (Magnified 20 diameters.) constantly united by trans-

The openings of the Haversian canals are scen encircled E :
by concentric lamelle, Other lamelle (o) run parallel with \FEI'EJE]:{ and Dbllqllﬂljf run-

phnenriaes ning passages. In a section
across the shaft of a long bone they are seen as small rounded or irregu-
lar holes (fig. 88). When the section has been made by grinding, the
holes get filled up with air and debris, and they then look black by
transmitted light, as do also the lacuna and eanaliculi (fig. 89). Most
of the lamelle in compact bone are disposed concentrically around the
Haversian canals ; they are known as the Haversian lamellw®, and with
the included canal form what is known as a Haversian system. The
lacun of a Haversian system communicate with one another and with
the Haversian eanal, but not as a rule with the lacunz of other
Haversian systems. The angular interstices between the Haversian




Fia. 8).—TRANSVERSE SECTION OF COMPACT TISSUE (OF HUMERUS).
(Magnified about 150 diameters. )

Three of the Haversion eanals are scen, with thelr concentric rings; also the lncunm,
with the canaliculi extending from them across the direction of the lamelle, The
Haversian apertures had become filled with air and debris in grinding down the

gection, and therefore u?pcar black in the figure, which represents the object as
viewed by transmitted light.

(Sharpey. )

Fig. 90, —TRANSVERSE SECTION OF DECALCIFIED HUMAN TIBIA, FROM NEAR THE
SURFACE OF THE SHAFT.
H, :|1E Haversian eanals, with their systems of concentrie lamellse ; in all the rest of the

the lamells are cirenmferential ; &, ordinary parfnratinf fibres of Sharpey ;
e, ¢ elastie perforating fibres. Drawn under a power of about 150 dismeters.
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systems are generally occupied by bony substance which is fibrous
but not lamellar, Besides the lamelle of the Haversian systems there
is a certain thickness of bone at the surface, immediately underneath
the periosteum, which is composed of lamelle arranged parallel with
the surface; these are the circumferential or periosteal lamelle (fig,
88, #). They are pierced here and there by simple canals for blood-
vessels, the =o-called Folkmann’s canals, which are proceeding from the
periosteum to join the system of Haversian eanals, and also by ealcified
bundles of white fibres and by elastic fibres which may also be pro-

longed from the periosteum. These are the perforating fibres of Sharpey
(fig. 90).

1ok ‘.‘i} -\-;-{,c
b
-

FiG. 91. —LAMELLXE TORN OFF FROM A DECALCIFIED HUMAN PARIETAL BONE AT
SOME DEPTH FROM THE SURFACE. (Sharpey.)

a, lamelle, showing decussating fibres; & &, thicker part, where several lamellm are
superposed ; ¢, ¢, perforating fibres ; the fibrils which compose themn are not shown
in the figure. Apertures through which perforating fibres had passed are seen
especially in the lower part, e, a, of the figure. Hapghtuda as seen under a power of

200 diameters, but not drawn to seale,  (From a ske by Allen Thomson. )

The lamelle of bone are fibrous in structure. This may be seen in
shreds torn off from the superficial layers of a decalcified bone (fig. 91).
The fibres often cross one another in adjacent lamell, and in the
Haversian systems they run in some lamelle concentrieally, in others
parallel with the Haversian canal. In shreds of lamellse which have
been peeled off from the surface the perforating fibres may sometimes
be seen projecting from the surface of the shred, having been torn out
of the deeper lamelle (fig. 91, ¢, ¢). Where tendons or ligaments are
inserted into bone, their bundles of white fibres are prolonged into the
bone as perforating fibres.

The lacune are occupied by nucleated corpuscles, which send
branches along the canaliculi (fig. 92). They have a special lining
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layer different in chemical composition from the rest of the bone, being
much more resistant to the action of strong
<chemical solvents such as hydrochloric acid
{Neumann). The dentinal tubules of the
teeth have a similar lining layer.

The Haversian canals contain one or two
blood-capillaries and nervous filaments, be-
sides a little connective tissue; and the larger
ones may also contain a few marrow-cells,
There are also cleft-like lymphatic spaces p; 99— A poNE-CELL 1SOLATED
running with the vessels, their cells being  AND HIGHLY MAGNIFIED.

: e ! (Josepl. )
connected through canaliculi with branches . proper wall of the lacuna (Neu-

from corpuseles within the neighbouring Jiabhslarerwhere he copuscle
lacunz of the osseons substance (fig. 93).

The periosteum may be studied in torn-off shreds, in preparations
stained in sttu with silver mitrate, and in stained sections from an
unmacerated bone which has been
deealeified in nitrie, chromie, or
pieric acid. It is a fibrons mem-
brane composed of two layers, the
inner of which contains many elastic
fibres. In the outer layer numerous
blood-vessels ramify and send from
it branches to the Haversian canals
of the bone. The periosteum minis-
ters to the nutrition of the bone,
Fi6. 93.—SECTION OF A HAVERSIAN caxar, partly on account of the blood-

SROWLRGITH SORERENY {(Highly vessels and lymphaties it contains,

magnified. )

«, small arterial capillary vessel; v, large venous partly, espeeially in young animals,
capillary ; =n, pale nerve-fibres cut across ; © ¢ ke
[, cleft-like lymphatic vessel; nng of IEh-e ll:lf"&l on account of the existence be-
5?{#‘.11't‘ﬁ.,"%K‘l’iﬁﬁ.!“;’}“i‘*?1?:.2%‘;;,;*_‘““&: tween i1t and the bone of a layer of

substance in which the vessels rmn is connec- : i . . Fr
tive tigsue with ramified cells; its finely osteablasts o1 Fﬁﬁn-f’":fﬂi‘.i‘l‘?-iﬂﬂ {'EH"}: il

granular uppearauco s probubly duc to the y.opainder of those which originally

[oncBLIE adraunk odupentxde Iamollae. produced the bone. It also serves
to give attachment to muscular fibres,

The marrow of bone is of a yellow colour in the shafts of the long
bones of most animals, and is there largely composed of adipose tissue,
but in the shafts of the long bones of some animals, and in the cancel-
lated tissue of most, it is usually red, the colour being partly due to
the large amount of blood in its vessels. This red marrow is chiefly
composed of round nucleated cells—the marrow cells or marrow leuco-
cytes (fig. 94, ei)—which resemble large blood leucocytes, and, like
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these, are ameboid. They also exhibit the same kind of differences
as to the character of the granules which they contain, some being
oxyphil and others amphophil or neutrophil. But while the blood-
leucoeytes rarely contain any coarse basophil granules some of the
marrow cells contain these in considerable numbers. There are also
to be seen mingled with the marrow leucocytes a number of corpuscles
somewhat smaller in size, nucleated, and some of them at least ameboid,
but of a reddish tint (fiz. 94, j-f). These cells, which are termed

] k { n " 0 P iq 7 # t
7 ™ o (0 @ '
© » (@ ® § o L
Fig, 4. —CELLS OF THE RED MARROW OF THE GUINEA-PIG. (Highly magnified.)

w, a large cell, the nucleus of which appears to be partly divided into three by constrie-
tions ; &, a cell, the enlarged nueclens of which shows an appearance of being con-
atricted into a number of smaller nuelei ; ¢, a so-called giant-cell or myeloplaxe with
many nuclei; o, n smaller mycloplaxe with three nuclei; ¢i, proper cells of the
marrow §; j-f, various forms of coloured nucleated cells (erythroblasts), some in
process of division ; in others the nucleus appears to be undergoing atrophy.

erythroblasts, resemble the nucleated coloured blood-corpuscles of the
embryo, and they are believed to be cells from which the coloured
blood-disks become developed. Many of them are in process of
mitotic division and others are seen with the nucleus in a more or
less atrophied condition ; from this it may perhaps be inferred that
the transformation into a discoid blood-corpuscle is accompanied by
the disappearance of the nucleus (Bizzozero). Lastly, the marrow con-
tains a certain number of very large cells, the myeloplares of Robin
(fig. 94, @, b, e,d ; fig. 95, my). These are especially numerous wherever
hone is becoming absorbed, but are not confined to such situations, being
indeed nmormal constituents of marrow. Sometimes the myeloplaxes
possess several nuclei, but more often each contains but one large
nuelens, which then usually shows an appearance as of budding.
They are also characterised by possessing a number of centrosomes
grouped together near the nucleus. Lastly, the existence of cells
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within the marrow containing blood-corpuscles in various stages of
transformation into pigment, similar to those which occur in the spleen
pulp, has also been affirmed (Osler).

The marrow is very vascular, the capillaries and veins being large
and thin-walled ; indeed, according to some authorities, the walls of
the capillaries are imperfect, so that there is an open communication

Fie. 95.—SECTION OF RED MARROW. (Magnified 300 diameters.)
¢, eryithroblasts ; ¢, an ervthroblast dividing; my, myveloplaxe ; m, @, proper marrow

cells of different kinds, some of them, ', W', dividing ; &, red blood-corpuscles ;

I, a blood leacoeyte,
between them and the interstices of the tissue, and in this way it is
supposed that the coloured blood-disks, which are believed to be
produced from the coloured nucleated cells (ervthroblasts) of the
marrow, may get into the circulation. There is not, however, an
interstitial eirenlation of blood in the marrow such as is found in the
spleen, nor does injection material such as carmine gelatine pass
into the interstices of the tissue, but remains confined to the vessels,
so that the existence of an open communication is improbable.

In birds the erythroblasts are confined to the large blood-channels of the
marrow, and their transformation into erythrocytes occurs within these,
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LESSON XIV.
DEVELOPMENT OF BONE.

1. MousT in xylol balsam a section of a fwtal lower jaw which has been
stained in bulk and embedded in paraffin. Find the part where the lower
jaw-hone is becoming ossified, and carefully study the appearance which it
presents. The bone is prolonged in the form of osteogenic fibres which are
covered with osteoblasts.

2. Intramembranous ossification may also be studied in the parietal hone
of a fetus which has been preserved in Miiller’s fluid. A piece of the
crowing edge is scraped or brushed free from its investing membranes, and
from most of the cells which cover and conceal it, and is mounted in
glycerine with or without previous staining with carmalum.

3. Mount in balsam sections of a foetal limb which has been stained in
bulk. The bones will be found in different stages of ossification, those of the
digits being least developed. Make sketches illustrating the three chief
stages of endochondral ossification. Notice the peculiar terminal ossification
of the third phalanx.

4. Make with a sharp scalpel a longitudinal section at the line of ossifica-
tion in a more advanced bone which has not been decalcified (preservation in
Miiller’s fluid or 5 per cent. formol). Other sections may be earried across a
bone near its plane of ossification, and others through an epiphysis. These
sections will show the mode of progress of the calcification. EI'EE sections can
be mounted in glyeerine,

True bhone is essentially formed in all cases by an ossification of
connective-tissue. Sometimes the bone is preceded by cartilage, which
first becomes caleified, and this is then invaded, and for the most part
removed, by an embryonie tissue which re-deposits bony matter in the
interior of the cartilage. This is infracartiloginous or endochondral
pssification. At the same time layers of bone are being formed outside
underneath the periosteum. The bone thus formed iz termed a cartilage
bone.  Sometimes the bone is not preceded by cartilage, and then the
only process which oecurs is one corresponding to the subperiosteal
ossification of the cartilage bone; the ossification is then known as
intramembranous, and the bone formed is a membrane bone.

Ossification of cartilage.—This may be described as oceurring in
three stages. In the first stage the cells in the middle of the cartilage
hecome enlarged and arranged in rows radiating from the centre
(fig. 96), and fine granules of calcareous matter are deposited in the
matrix. Simultaneously with this the osteoblasts underneath the
periosteum  deposit a layer or layers of fibrous lamellz upon the
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surface of the cartilage, and these lamelle also become caleified
(fig. 96, im). As they are formed, some of the osteoblasts (o) are
included between them and become bone-corpuscles.

Fic., 96.—SECTION OF PHALANGEAL BONE OF HUMAN FOFTUS, AT THE TIME OF
COMMENCING OSSIFICATION. (From a preparation by F. A. Dixev. The
preparation was stained in bulk with magenta. The drawing is made from
a photograph.) (Magnified about 75 diameters.)

The cartilage-cells in the centre ave enlarged and separated from one another by stained
caleified matrix ; im, layer of bone deposited underneath the periosteum ; o, layer of
oateoblasts by which the layer hns been formed. Some of the ostecblasts are already
embedded in the new bone as lacunme.  The cartilage-cells are becoming enlarged and
flattened and arra in rows above and below the caleified centre. At the ends of
the cartilage the cells are small, and the groups are irregularly arranged ; the fibrous
periosteum is not sharply marked off from the cartilage.

In the second siuge some of the subperiosteal tissue eats its way
through the newly formed layer of bone and into the centre of the
calcified cartilage (fig. 97, ¢r). This is freely absorbed before it
(fig. 98), so that large spaces are produced which are filled with
osteoblasts and contain numerous blood-vessels which have grown



90 THE ESSENTIALS OF HISTOLOGY.

in at the same time. The spaces are termed medullary spaces, and this
second stage may be termed the stage of irruption.

In the third stage of endochondral ossification there is a gradual
advance of the ossification towards the extremities of the cartilage, and
at the same time a gradual deposition of fresh bony lamelle and spicules
on the walls of the medullary spaces, and on the surface of the new

FiG. 97.—SECTION OF PART OF
ONE OF THE LIMB-BONES OF
A FETAL CAT, AT A MORE
ADVANCED BTAGE OF OSSIFI-
CATION THAN I8 REPRESENTED
IN FIG. 96, AND SOMEWHAT
MORE HIGHLY MAGNIFIED,
{Drawn from a photograph.)

The caleifieation of the cartilage-
matrix has advanced from the
centre, and is extending between
thegroups of cartilage-cells, which
are arranged in characteristic
rows, The subperiosteal bony
deposit (im) has extended pari
poaszi with the caleification of the
cartilage-matrix. The eartilage
cells in the caleified part are
mostly shrunken and stellate; in
some cases they have d ont
of the =||:a-¢m At ir and in two
other places an irruption of the
subperiosten] tissue, composed of
ramified cells with osteoblasts
and growing blood-vessels, has
penetrated tgaauhpﬂﬂmtunl bony
crust, aml has begun to excavate
secondary arcole or medullary
spaces ; p, fibrous layer of the
Eeﬁnataum; o, layer of osteo-

lasts, some of them are em-
bedded in the osseous layer as
bone-corpuseles in  lacunse ; b,
blood-vessela oceupied by blood-
corpuscles, Beyond the line of

fic advance the periosteum
may be noticed to be distinetly
ineurved. This inmcurvation is
gradually moved on, the carti-
lage expanding behind it until
the h of the bone is reached,
when it forms the poriosteal
noteh or groove represented im
figa. 100 and 104,

bone under the periostenm. The advance into the cartilage always
takes place by a repetition of the same changes, the cartilage-cells first
enlarging and becoming arranged in rows, the matrix between the
rows becoming calcified, and then the calcified cartilage becoming
excavated from behind by the osteoblastic tissue so as to form new
medullary spaces (fig. 98). The walls of these are at first formed only
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by remains of the calcified cartilage-matrix (fig. 98 ¢), but they soon
become thickened by lamelle of fibrous hone (b) which are deposited
by the osteoblasts, and between which bone-corpuseles become included,
as in the case of the subperiosteal bone. The latter advances pari passu
with the endochondral calcification, but bheyond this the unecalcified
cartilage grows hoth in length and breadth, so that the ossification
is always advancing into larger portions of eartilage: hence the

Fiz, 98.—PABRT OF A LONGI-
TUDINAL SECTION ° OF THE
DEVELOPING FEMUR OF THE
BABEIT. (Klein.) (Drawn un-
der a magnifying power of 350
diameters. )

i, TOWS {g Mttli:l::gdmﬂﬂligﬂ-un]lﬁ;
b, grea em cartilage-cells
close tu’trhu advanci bnﬁg, the
matrix between is partly caleified ;
¢, o, already formed bone, the
ogseous trabeculs being covered
with osteoblasts(e), exeept hereand
there, where an ostecclast () i=
seem, eroding parts of the trabe-
cule 3 o, &, cartilage-cells which
have become shrunken and irree.
gular in shape. From the middle
of the figure downwards the dark
trabeculse, which are formed of
caleified caﬂil]‘:.gn-matrix, arg be-
coming cove with sccondary
osseous  substance deposited by
the osteohlasts. The wvascualar
loops at the extreme limit of the
Lﬁne 'EE wTill shown, as wFll I:-‘i

e abru isappearance of the
cartilng'e-lfclla.

endochondral bone as it forms assumes the shape of an hour-glass, the
eylindrieal shape of the whole bone being maintained by additions of
periosteal bone to the outside (see fig. 100). The absorption of the
calcified cartilage-matrix appears to he effected, as in the case with
absorption of bony matter wherever it oceurs, by large multi-nncleated
cells (fig. 98, f, f) which are termed osteoclasts. They are cells of the
same nature as the myeloplaxes of the marrow, and are found
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on surfaces where absorption of bone is taking place, whereas the
osteoblasts are always found covering surfaces where bony deposit
is proceeding (fig. 101).

The bone which is first formed is more reticular and less regularly
lamellar than that of the adult, and contains no Haversian systems,
The regular lamellee are not deposited until some little time after
birth, and their deposition is generally preceded by a considerable

.
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Fig. 9. —LONGITUDINAL SECTION THROUGH PART OF A PHALANX OF A 8IX
MONTHS' HUMAN EMBRYO. (Kolliker.)
The caleified cartilage is completely absorbed almost to the limit of advancing ealcifica-

tion, The darker substance on either side is periosteal bene. The embryonic
marrow hoas shrunk somewhat away from it

amount of absorption. It is about this time also that the medullary
canal of the long bones is formed by the absorption of the hony
tissue which originally occupies the centre of the shaft.

After a time the cartilage in one or both ends of the long bones
begins to ossify independently, and the epiphyses are formed. These
are not joined to the shaft until the growth of the bone is completed.
Growth takes place in length by an expansion of the ecartilage (infer-
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mediate cartilage) which intervenes between the shaft and the epiphyses,
and by the gradual extension of the ossification into it; in width

Fic. 100,—LONGITUDINAL SEC-
TION THROUGHTHE UPFPER HALF
OF THE DECALCIFED HUMERUS
OF A F(ETAL SHEEF, A8 SEEN
UNDER A MAGNIFYING POWER
OF ABOUT 30 DIAMETERS.

¢, the part of the shaft which was
primarily ossified in cartilage ;
what rémains of the primary bone
ia represented dark, enveloped by
the clear secondary deposit. The
areols of the hone ave occnpied by
embryonic marrow with osteo-
blasts, and blood-vessels variously p
cut, represented ns dark lines.
Cme long s Tt vessel ()
inadvance of theline of ossification
far into the cartilaginons head,
moat of the others loop round close
to the cartilage. At one or two
laces in the older parts of the
ne elongated %mupeaf mrﬁlnﬁe-
cells {c) may still be seen, which
have hitherto esenped absorption.
ut, the part of the bone that has
been ossified in membrane, that is
to say, in the osteoblastic tissue
under the ostenm. It is well
marked off from the central por-
tion, and is bounded, peripherally,
hy a jagged edge, the projections
of which are indistinetly seen to
be prolonged by bunches of osteo-
genic fibres. A row of osteoblasts
covers the superficial laver of the
bone. The subperiosteal layer is
E]mlm"ed above into the thicken-
g {-_:5 which encroaches opon
the cartilage of the head of the
bone, and in which are seen
amongst numerous osteoblastsand
n few blood-vessels, the straight
lomgitudinal osteogenic fibres (ar),
u.ll_:. mm;&tlmr Ebm{pj} erossing
them, a rhaps representi
f\ired of Bhiarpoys CTtie mltardons
galts having been removed by an
acid, the granular ossific deposit
pa.ni’ng up between the rows of
cartilage-cells is not seen in this
specimen ; it would have extended
as far as a line joining the marks
» x. (Observe the general ten-
deney of the osseons trabeculss
and the vascular channels between
them to radiate from the original
centre of ossification. ™ This is
found to prevail more or less in
all bomes when they are first
formed, although the direction of
the trabeculse may afterwards be-
come modified in relation with
varying physiological conditions,
a capiecially as the result of
pressure in different directions.

entirely by the deposition of fresh bony layers under the periosteum.
In the terminal phalanges of the digits the ossification starts, not from
the middle of the cartilage, but from its distal extremity.
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For the regeneration of portions of bone which have been removed
by disease or operation it is important that the periosteum be left.

Intramembranous ossification.—In this variety of ossification, the
bone is not preceded by cartilage at all, and therefore no endochondral

Fig. 101.—BoNY TRABECULE FROM
THE DEVELOPING LOWER JAW OF
A CALF, SHOWING OSTEOULASTE AT
THE EXTHEMITIES WHERE ABSORP-
TION I8 PROCEEDING, AXD OSTEOD-
BLASTS COVERING THESIDES WHERE
DEPOSITION OF BONE IS GOING ON.
(Kalliker.)

bone is formed, but the caleification
oceurs in a sort of embryonic fibrous
tissue which contains numerous osteo-
blasts and blood-vessels (fig. 104). The
fibres of this tissue (osteogenic fibres),
which, like those of fibrous tissue, are
collected into small bundles, become
inclosed in a calcareous matrix, produced
by the deposition of lime salts in the
ground-substanceof the connective tissue ;
and as the fibres grow, the caleification
extends further and further, so that bony
spicules are formed, which, as they bhe-
come thickened, run together to form
reticular layers, leaving spaces filled with
osteoblasts around the blood-vessels.
The osteogenic fibres are covered with
osteoblasts, and as the bone forms, some
of these become left as bone-corpuscles

within lacunw. Thus in every particular the development of these

Fig., 102, —TRANSVERSE SECTION OF A DEVELOPING BOXE, SHOWING THE PERLOS-
TEAL LATER BECOMING FORMED FROM OSTEOGENIC FIBRES.

el cartilage bone; b, perioateal bome ; &p, bone spienles prolonged osteogente fibres;
: p, periostenm ; M’, blood-vessels ; ¢, remnins of the calcified carti 3 @, oatenblasts

forming bone upon this.

bones resembles that of the subperiosteal layer of endochondral bone ;
which is also to be considered as an instance of intramembranous
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ossification, although taking place on the surface of cartilage. More-
over, it is the same subperiosteal tissue which, in endochondral
ossification, deposits the true or secondary bone upon those parts of
the calcified cartilage matrix which have escaped absorption ; and this

Fie. 105, Fi:. 104,

Fi16. 103, —SECTION OF THE OSSIFICATION GROOVE IN THE HEAD OF A LONG BONE,

«, cartilage ; p, periosteum ; ip, subperiosteal tissue with osteogenic fibres and osteo-
hlasts. This tissue oceupies the * groove,”

Fra. 104.—PART OF THE GROWING EDGE OF THE DEVELOPING PARIETAL BOXE OF
A FETAL CAT, 1} INCH LONG.
ap, bomy spicules, with soma of the osteoblasts embedded in them, producing the

lncunm ; of, osteogenie fibres prolonging the spicules, with osteoblasts (sat) between
them and a i.oﬁﬂtu them ; a, granular caleifie deposit ocowrring in the ground-
substance between the fibres; ¢, union of two adjacent apicules,
must also, therefore, be reckoned as developed according to the same
type. In fact, even in intracartilaginous ossification, very little of the
calcified cartilage matrix eventually remains ; this being almost wholly
absorbed and either replaced by true or fibrous bone which has heen
formed by osteoblasts, or swept away to form the medullary and
other cavities,
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LESSON XV.

STRUCTURE OF STRIATED MUSCLE.

I. Takke a shred of muscle from a recently killed mammal, and on a dry slide
carefully separate long pieces of muscular fibre (single fibres if ible) and
stretch them out, keeping them moist during the process by breathing on
the slide. Put a drop of serum on the cover-glass before placing this over
the preparation. Study first with a low, then with a high power. Sketch
all the appearances to be seen in a small piece of a fibre, focussing carefully
the most superficial layers. Notice the oval nuclei immediately under the
sarcolemma. Then allow a little dilute acetie acid to run under the cover-
lass and watch its effect.

2. Prepare some fibres of frog’s muscle in the same way, but mount in
salt solution instead of serum. Notice the muscular substance shrinking
away here and there from the sarcolemma, which then becomes distinetly
visible. Sketch a piece of sarcolemma bridging across an interval thus
produced.

3. Study transverse sections of musecle which has been hardened in aleohol
or formol and stained. Mount in xylol balsam. Examine the section of a
fibre first with a low and then with a high power. Sketech the appearances
which are seen.

In It"ill.}ll of the above preparations measure the diameter of some of
the fibres.

Sections of musele spindles may be searched for in the transverse sections
of muscle.

4. Place in 1 per cent. osmic acid a small shred of mammalian muscular
tissue which has been stretched upon a cork. After 24 hours, when it will
be deeply stained, wash it in water and with needles break the fibres up in
alveerine as finely as possible. Cover and examine with a high power.

Voluntary muscle is composed of long eylindrical fibres, measuring
on an average about ‘05 mm. in diameter (43; inch) in mammalian
museles, and often having a length of an inch or more. Each fibre has
an elastic sheath, the sarcolemma, which incloses the contractile sub-
stance. The sarcolemma is seldom distinct, unless the contained
substance becomes broken (fig. 105).

The contractile substance of the fibre is characterised by the alter-
nate dark and light stripes which run across the length of the fibre ;
hence the name, cross-striated ov striped musele. On focussing, it can be
seen that the stripes pass through the whole thickness of the fibre;
they may therefore be looked upon as representing alternate disks
of dark and light substance. If the fibre be very carefully focussed,
rows of apparent granules are seen lying in or at the boundaries of
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the light streaks, and very fine longitudinal lines may, with a good
microscope, be detected uniting the apparent granules (fig. 106). These
fine lines, with their enlarged extremities the granules, are more con-
spicuous in the muscles of insects. They indicate the divisions between
the longitudinal elements ( filrils or sarcostyles) which compose the fibre,
‘and in preparations treated with dilute acid they appear to form part
of a fine network, which pervades that substance, and serves to unite
the granules both transversely and longitudinally. - This network,
which is sometimes very distinet in preparations of muscle treated with
chloride of gold, is, however, a network in appearance only : in reality

Fic. 106, . 104, Fia, 107.

Friz, 105 —SARCOLEMMA OF MAMMALIAX MUSCLE HIGHLY MAGNIFIED.

The ﬁhrﬁ is represented at a place wheore the muscular substance has become raptured
ahrunk away, leaving the sarcolemma (with a nuelens adhéring to it) elear.
Tlm fibre had been treated with sernm acidulated with acetic acid.

Fic. 106. —MUSCULAR FIBRE OF A MAMMAL EXAMINED FRESH IN SERUM, HIGHLY
MAGNIFIED, THE SURFACE OF THE FIBRE BEING ACCURATELY FOCUSSED.

The nuclei are seen on the flat at the surface of the fibre, and in profile towards the edge,

Fig. 107,—PORTION OF A MEDIUM-S1ZED HUMAN MUSCULAR FIBRE, SHOWING THE
INTERMEDIATE LINE MENTIONED IN THE TEXT. (Sharpey.)

it is the optical expression of the interstitial substance which lies
between the fibrils. This substance is termed sarcoplasm.

On examining the transverse section of a fibre with a high power,
it is seen to be subdivided everywhere into small angular fields,
Colmhein’s areas (fig. 109), which are themselves again divided up. The

smallest divisions represent sections of the fibrils of which the fibres are
G
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composed, and intc which they may be split after death, especially after
being hardened in certain reagents, e.g. chromic acid or osmic acid.
The larger areas represent groups of fibrils. These
areas of Cohnheim are usually polyhedral, but
they may be elongated and disposed either radially
or concentrically with the cirenmference of the
section. The interstitial substance or sarcoplasm
lies between them and can be made visible by
treatment with dilute acid or by staining with
chloride of gold (figs. 111, 112 and 113). It is
sometimes in relatively large amount, but in
most musenlar fibres is reduced to a very fine
interstitinm,

An ill-defined clear line is sometimes seen run-
et ning transversely across the fibre in the middle of
FiG. 108, —SMALL POR- A .

mioxn or a wsuscce each dark band. This is termed Hensen's line.

v vnrormens, U instead of focussing the surface of the fibre

(From a photograph.) it he observed in its depth, an appearance differ-
Magnified 600 diameters. ot from that shown in fig, 106 is frequently
visible, namely, a fine dotted line ([obi's line), bisecting each clear
stripe (fig. 107); this appearance is often considered to represent a
membrane (Krouse's membrane), which sub- A
divides the fibrils at regular intervals (see
p- 102). But the membrane of the individual
fibrils or sarcostyles is rarely, if ever, visible
in an intact mammalian fibre, and it is certain
that the appearance of snch a line in the
middle of the clear stripe of an intact fibre
is in most cases due to interference, caused Fie. 109. —SEoTION OF A
by the light being transmitted between disks b el s

IXG AREAS OF UOHNHELM,

of different refrangibility. B e e

T

Haycraft has suggested that the cross-striation of voluntary muscle is
due to refractive effects produced by a varicosity of the component tibrils,
basing his view upon the fact that in impressions of the fibres made in soft
collodion all the cross-striations which are observed in the fibre itself are
reproduced.  There is no doubt that a well-marked cross-striated appearance
can be prodoced in homogeneous fibrils by regularly-oceurring varicosities,
and many of the appearances observed in mustﬁs may, as Hayeraft contends,
be referred to this cause. But even when a fibre or fibril is stretehed so
that it exhibits no varicosities, the cross-striations are still perfectly distinet.
Moreover, in view of the entirely different manner in which the substance
of the dark and clear stripes behave to many staining reagents, and especially
to chloride of gold when applied as directed in Lesson XV, § 3, the fact
being that wvery definite structural appearances can under these cireum-
stances be made out, the homogeneity of the musele-fibril cannot be admitted.
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Besides the sarcolemma and striated substance, a muscular fibre also
exhibits a number of oval nuclei which have the usual structure
of cellnuclei: their chromoplasm often has a spiral arrangement.
Sometimes there is a little granular substance (protoplasm) at each
pole of the nucleus; each nucleus with the adjacent protoplasm has
then been spoken of as a muscle-corpuscle.  But the protoplasm which is
adjacent to the nuclei is in all probability continuous with the sarco-
plasm between the fibrils; both being the remains of the original
undifferentiated protoplasm of the cell from which the muscular fibre
was developed. In mammalian muscle the nuclei usually lie imme-
diately under the sarcolemma (figs. 105, 106, 109), in frog’s muscle
they are scattered throughout the substance of the fibre; in insect
muscle they occupy the middle of the fibre, embedded in undifferentiated
protoplasm (fig. 112). Some animals, such as the rabbit, have, besides
muscles of the ordinary type of strueture which in this animal are pale
in colour, others of a deep red colour. These red muscles were found
by Ranvier to exhibit certain differences both in strueture and funetion.
One difference of structure is that the nuclei, which are numerous, are
not confined to the surface, but are scattered throughout the substance
of the fibres. The fibres in question also contain more sarcoplasm
than the ordinary fibres, and their blood-vessels have a peculiarity of
structure which will be afterwards noticed. Here and there, in all
mammals, amongst the ordinary fibres are some in which the nuclei
are distributed through the thickness of the fibres; this is the case
also, as just remarked, with all the muscular fibres of the frog. In
muscles which are in constant activity, such as the diaphragm and the
dorsal fin museles of Hippocampus, the protoplasm (sarcoplasm) of the
fibres is present in relatively large proportion, and this is also the case
with the wing muscles of insects.

The transverse section of a muscle shows the fibres to be nearly
eylindrical in figure. Between the fibres there is a certain amount of
areolar tissue, which serves to support the blood-vessels and also unites
the fibres into fasciculi; the fasciculi are again united together by a
larger amount of this intramuscular connective tissue (endomysium).
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LESSON XVLIL
STRUCTURE OF STRIATED MUSCLE (continued).

1. Curoff the head of a garden beetle or other insect (e.g. wasp), and bisect the
trunk with scissors so as to expose the interior. Notice two kinds of muscular
tiszue, the one belonging to the legs grevish in colour, the other attached to
the wings vellowish. Preparations of both kinds of muscle are to be made
in the same way as living mammalian muscle (see previons Lesson), but it is
better to mount them in a drop of white of egg. In both preparations
the dark-looking air-tubes or trachem form prominent objects ramifving
amongst the fibres. Observe the structure of the two kinds of musecle so far
as it can be made out in the fresh preparation. If the preparation is made
quickly, waves of contraction will probably be ﬂlmervmr passing along the
fibres.

2. Make another preparation of the leg-musecles, mounting the musele in
vinegar. (Aleohol-hardened muscle of insect or crab may be nsed for this
purpose.) Notice that the museular substance swells up somewhat and
becomes clearer, whilst the sarcoplasm-network, with its lines and dots, comes
more distinctly into view. In a well-teased preparation of aleohol-hardened
muscle, the fibres will be frequently found breaking across into disks.
Make careful drawings from this preparation.

3. Rollett’s method. Cut off the head of an insect (wasp, small beetle),
bisect the trunk and place in 90 per cent. alecohol for from 24 to 48
hours or more.  Then take a small piece of each kind of muscle, and
place in strong glycerine for some hours. Wash thoronghly with
water and transfer to 1 per cent. chloride of gold solution: leave the
pieces of muscle in this from 15 to 30 minutes according to their size.
From the gold solution they are transferred to formie acid (1 part of
the strong acid to 3 of water), and kept in the dark for 24 hours, but they
may be kept longer without disadvautage. The muscle is then teased in
glycerine. Some of the fibres will be found after this method to have their
sarcoplasm darkly stained, and to show, therefore, the appearance of a
network both in longitudinal and transverse view : others, on the other
hand, have the sarcons elements of the fibrils or sarcostyles stained, whilst
the sarcoplasm has remained colourless.

Ordinary or leg-muscles of insects.—In the muscles of insects the
stripes are relatively broad, and their structure can be more readily
seen than in mammals. In the living fibres from the muscles which
move the legs, the sarcoplasm presents a striking appearance of fine
longitudinal lines traversing the muscle, and enlarging within the
light stripes into rows of dots (fig. 110). This is still better seen in
fibres and portions of fibres which have been treated with dilute acid
(fig. 111). In separated disks produced by the breaking across of
muscle-fibres, the surfaces of the disks show a network with poly-
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& sareolemma ; 0, dot-like enlargemnent

Fig. 110.—LIVING MUSOLE OF wamenpgrrie ) sureoplas: K, Krause's membrane.
(DYTISCUS MARGINALIS.) (Highly magnified.) at least rendered Invisible by the acid.

#, sarcolemma ; o, dim stripe ; &, bright stripe ; ¢, row
of dots in bright stripe, which sesm to be the
enlavged ends of rod-shaped particles, o, bat are
really expansions of the interstitial sarcoplasm
which apﬁm.r in the living mmscles as fine dark
lines with dot-like enlargements upon them.
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Fia. 112 Fia, 113,

Frc. 112. —TRANSVERSE SECTION OF LEG-MUSCLE FIRRE OF AN INSECT,
STAINED WITH GOLL} CHLORIDE.

The sarcoplasm is here stained, and appears in the form of a network, in the meshes of
which lie the sections of the sarcostyles. Notice the mottled appearance of the
sections of the sarcostyles or fibrils, indicating a porous structure, as in the wing
fibrils (see fig. 116). The central protoplasm (with a nuclens) is also evident. (From
a photograpl.)

Fig. 113.—MUSCLE FIBRE OF INSECT LEG TREATED WITH DILUTE ACID, SHOWING
A TENDENCY TO BREAK ACROSS INTO DISKS.

The sarcoplasm is in the form of fine lines. The ordinary dark stripes of the fibre have
disnppeared in the acid. A, a disk seen partly in section and exhibiting the reticalar
arrangement of the eurcoplasm,

hedral meshes in some insects (fig. 113, A), one formed of hnes radiating
from the centre of the fibre in others. The nuclei, with some inclosing
protoplasm, usually lie in the middle of the fibre.
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Wing-muscles of insects,—The wing-muscles of insects are easily
broken up into fibrils or sarcostyles, which also show alternate dark
and light strie (fig. 115). '

The sarcostyles are subdivided at regular intervals by thin transverse
disks (membranes of Krause) into successive portions, which may be
termed sarcomeres.  Kach sarcomere is occupied by a portion of the
dark stria of the whole fibre (sarcous element): the sarcous element
is really double, and in the stretched fibre separates into two at the
line of Hensen (fig. 115, B). At either end of the sarcous element
is a clear substance (probably fluid or semi-fluid) separating it from
the membrane of Krause: this clear substance is more evident the
more the fibril is extended, but diminishes to complete disappearance
in the eontracted muscle (fig. 115, o). The
cause of this change is explained when we
study more minutely the structure of the
sarcous element. For each sarcous element
is pervaded with longitudinal canals or
pores, which are open in the direction of
Krause’s membranes, but closed at the
middle of the sarcous element (fig. 116).
In the contracted muscle, the clear part
: Blant of the muscle-substance has disappeared
HLL...mi-iiuL..L 145. from view, but the sarcous element is
Fic. 114.—Lec muscre-visre o Swollen and the sarcomere is thus short-

INSECT, STAINED WITH GOLD aned: in the uncontracted musele, on

CHLORIDE BY ROLLETT 8 METHOI. ;

&, line formed by membranes of the other hand, the clear part occupies a
by sArdos: ettt ke oo .-ﬁ:d considerable interval between the sarcous
':’E."lrﬂ.':nlt"fﬂﬂh appearance of longi- o100 ant and the membrane of Krause, the

sarcomere being lengthened and narrowed.

The sarcous element does not lie free in the middle of the sarcomere,

but is attached at either end to Krause's membrane by very fine lines,

which may represent fine septa, running through the clear substance

(fig. 117); on the other hand, Krause’s membrane appears to be

attached laterally to a fine membrane which limits the fibril ex-

ternally.

The planes of sarcous elements set side by side in a muscle fibre
form the dark stripe (the so-called p:-mcgmf disk) of the muscle-
substance of ordinary muscle-fibres (fig. 114). But in the wing-muscles
of insects the sarcous elements of the fibrils less constantly lie in
continuous planes, and the whole fibre is therefore very indistinetly
and irregularly cross-striated, althongh each individual fibril is markedly
so (fig. 115). -
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Sometimes in the ordinary (leg) muscles of arthropods what look like
{let_ewhml {!.Dt-like portions of the sarcous element are seen within the clear
stripes, lying usunally near Krause’'s membrane. The rows of such dots
have been termed accessory disks. Most muscles show no accessory disks, but
t.ll:E sircoplasmic enlargements between the fibrils (fiz. 111, D) are often
mistaken for them.

Fra, 115.—FIBRILE OF THE WING-MUSULES OF A WASE, PREPARED IN THE MANNER

DESCRIBED IN LESSON XVI., 8EC. 3. (Highly magnified.)

A, a contracted fibril. B, a stretched fibril, with its sarcous clements separated at
the line of Hensen. C, an unneontracted fibril, showing the porous structure of
the sarcous elements.

Muscle in Polarised Light.—When muscle-fibres are examined with
polarised light between crossed Nichol's prisms, the sarcous elements
(which form the dark stripe) are seen to be doubly refracting (anisotropous),
while the clear substance (forming the light stripe) is singly refracting
(isotropous). In contracted parts of the muscle the (anisotropous) sarcous
elements are seen to have increased in bulk, while the is:}t.t'nimu:-e anhstance
of the clear stripe has correspondingly diminished in amount (fig. 118, 5).

F. Merkel described a reversal of the stripes during contraction, 7.e a
transference of the anisotropous substance of the dark stripe from Henszen's
line to Krause’'s membrane, the place of the dark stripes thus becoming
occupied by clear material, that of the light stripes by dark. He further
described this condition as being preceded by an intermediate stage in which
the fibril shows homogeneity of shading. No doubt in the ordinary muscle-
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fibres of arthropods, when we observe the so-called * fixed * waves of con-
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Fic. 117.—DIAGRAM OF A SARCOMERE IN A

Fia. 116. —ISOLATED SARCOUS ELEMENTS MODERATELY EXTENDED CONDITION, A,
OF A WING-MUSCLE, SHOWING THE AND IN A CONTRACTED CONDITION, B.
TUBULAR OR PFOROUS STRUCTURE. K, K, membranes of Kranse ; H‘ line or plﬁng aof
(Magnified 2300 diameters. ) Hensen; 8.E., poriferous sarcous element.

A, profile view; B, surface view, seen on

the flat.

traction, there is an apparent blurring of the cross-striation of the fibre just
where the muscle is passing from extension to contraction, but this appear-

A

Fic. 1158 —LEG-MUSCLE FIBRE OF CHRYSOMELA COERULEA WITH (FIXED) CON-
TRACTION WAVE PHOTOGRAPHED UNDER POLARISING MICROSCOPE.!
A, with unerogsed Nichols ; B, with crossed Nichols,

ance is explicable by the unequal pull of the contracted parts of the fibrils
upon those which are not yet contracted. The contraction in each fibre

'T am indebted to Professor Engelmann for these two photographs.
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starts from the nerve ending, which is at one side of the fibre, and spreads
first across the fibre and then tends to pass as a wave towards either end.
But the one side always has a
start in the progress of this
wave, and the fibrils must thus
receive an uneqgual pull, =0 that
they are shift-ev!fl along one an-
other and the line

i

of eross-
striping is broken up. That no
transference of anisotropous sub-
stance really occurs is at once
clear from the appearance of the
contracting fibre under polarised
light (fig. 118, B), and the study
of the isolated fibrils of wing-
musele gives no support to the
theory of reversal,although it is
widely held by German anthors.
That the apparent reversal is
not real is also illustrated by
fig. 119, which represents a leg
musele fibre of an insect in
process of contraction. The
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dark bands of the econtraction
wave are seen to be really
due to accumulations of sar-
coplasm. These aceumulations
appear as dark lines which ob-
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scure the continuity of the fibrils,
and by contrast canse the whole
of the sarcomeres between them
to appear light.

Comparing the structure of
the sarcomere with that of the
protoplasm of an amoeboid cell
we find in both a framework
{(spongioplasm, substance of sar-
cons element), which tends to
stain with hematoxylin and sim-
ilar reagents, and which incloses
in its meshes or pores a clear,
probably semi-flnid substance
(hyaloplasm, clear substance of sarcomere) which remains unstained by these
reagents. In both instances also the clear substance or hyaloplasm, when
the tissue is subjected to stimulation, passes into the pores of the porous
snbstance or spoungioplasm (contraction), whilst in the absence of such
stimulation it tends to pass out from the spongioplasm (formation of pseudo-
podia, resting condition of muscle). Thus both the movements of cell-
protoplasm and those of muscle seem brought about by similar means,
although at first sight the structure of muscle iz so dissimilar from that of
protoplasm. We have already noticed that the movements of cilia are
susceptible of a similar explanation (p. 56).
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LESSON XVIL

CONNECTION OF MUSCLE WITH TENDON; BLOOD-VESSELS OF
MUSCLE; CARDIAC MUSCULAR TISSUE; DEVELOPMENT OF
MUSCLE; PLAIN MUSCULAR TISSUE.

1. To study the connection of musele with tendon, a frog is killed by destrue-
tion of the brain and spinal cord, and placed in about a litre of water raised
to a temperature of 55° C. It is left in this for 15 minutes, the water
gradually cooling. It is then easy to dissociate the muscular fibres in large
numbers. To observe their attachment to the tendon-bundles a fine longi-
tudinal shred must be sni]} ed off with seissors at the tendinous attachment,
and dissociated upon a S]l£§ in a drop of water. It will usually be found
that the muscular substance is retracted from the end of the sarcolemma
tube, which is firmly cemented to the tendon-bundle. The structure may be
brought more distinetly into view by adding to the dissociated fibres a drop
of a weak solution of iodine in salt solution or in sernm (iodised serum).'

2. The blood-vessels of muscle. These are studied in longitudinal and
transverse sections of injected muscle. It will be noticed that the capillaries
are very numerous, and form a network with oblong meshes. In the red
muscles of the rabbit, small dilatations are seen on the transverse cords of the
network.

3. The muscular tissue of the heart is studied in sections of that organ
and also in teased preparations. To prepare the latter, place a small piece
of heart-muscle in 33 per cent. alcohol for a few days ; stain in piero-carmine
solution for some hours or days ; and tease in dilute glycerine.

4. Tear off a small shred of the muscular coat of a piece of intestine which
has been for 48 hours or more in } per cent. bichromate of potash solution or
in 33 per cent. alcohol. Hold the shred with forceps in a Ef'op of water and
fray it ont with a needle. In this process many cells will be set free and
can be found with a low power. The preparation may then be covered and
examined with a high power. Sketch one of the cells. Then allow dilute
heematoxylin solution to pass under the cover-glass and lastly a drop of
glycerine. Sketch another cell after staining. Measure two or three cells
and their nuclei.

Ending of muscle in tendon.—A small tendon-bundle passes to
each muscular fibre and becomes firmly united with the sarcolemma,
which extends over the end of the fibre (fig. 120). Besides this
immediate attachment, a further connection is established by the

1This method is the one given by Ranvier ( 7'raité Technique, 2me édition, p. 395).
The muscle-endings may also sometimes he well seen at the extremities of the ten-
dons whicrh are removed from the mouse’s tail in the manner described in
Lesson X.
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fact that the areolar tissue between the tendon-bundles is continuons

with that which lies between the muscular fibres.

Blood-vessels of muscle.— The capillaries of muscular tissue are
very numerous. They run, for the most part, longitudinally, with
transverse branches, so as to form long oblong meshes (fig. 121).
No blood-vessels ever penetrate the sarcolemma. In the red muscles
of the rabbit, the transverse capillaries have small dilatations upon
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Fic. 120.—TERMINATION OF A MUS- Fia. 121.—CAPILLARY YESSELS OF
CULAR FIBRE IN TENDON. [le- MUSCLE.
vier.)

ui, sareolemnma , 5, the same membranc
passing over the end of the fibre ; p,
extremity of muscular substance, e
retracted from the lower emd of the
sarcolemma-tube ; £, tendon-bundle
passing to be fixed to the sarcolemma.

them (fig. 122). Associated with this and other peculiarities of
structure (see p. 99), it is found that the red muscles have a much
slower rate of contraction, and a much longer period of latency than
the ordinary muscles.

Lymphatic vessels, although present in the connective-tissue sheath
(perimysium) of a muscle, do not penetrate between the component

fibres.
The motor nerves of voluntary muscles pierce the sarcolemma
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and terminate in a ramified expansion known as an end-plate or motor
end-organ ; the sensory nerves end in groups of specially modified muscle
fibres known as musecle-spindles (see Lesson XXIL.).

Development. — Voluntary muscular fibres are developed from
embryonic cells of the mesoderm, which become elongated, and the
nuelei of which become multiplied, so as to produce long multi-
nucleated fusiform or cylindrical fibres. These become cross-striated,
at first along one side, the change gradually extending around the
fibre and also towards the centre; but the middle of the fibre, to

i ot ‘ 3 |:I
Fig. 122 —VASCULAR NETWORK OF A RED MUSCLE (SEMI-TEXDINOUS) OF THE
KAEBIT. (Ranvier.)

o, arteriole ; o, v, venules ; «, dilatation on transverse branch of capillaries.

which the nuclei are at first confined, and the side opposite to that at
which the differentiation began, remains for some time unaltered
(fig. 123). Eventually the change in structure extends to this also,
and the nuclei pass gradually to occupy their ordinary position under
the sarcolemma, which has hy this time become formed.

Carpiac MUscLE.

The muscular substance of the heart is composed of transversely
striated muscular fibres, which differ from those of voluntary musele in
the following particulars, viz.:—their striations are less distinet ; they
have no sarcolemma ; they branch and unite by their branches and also
at the side with neighbouring fibres, and their nuclei lie in the sub-
stance and often near the centre of the fibres. Moreover, the fibres
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Fic. 125.—DEVELOPING
MUSCULAR FIBREX,

A, elgmted cell with twonuclei.
A tiom 1= beginning in the

im:ﬂmpham along one side of
he cell; from fostal sheep,
(Wilson Fox,)

B, from human fostus of two
months, (Ranvier,) p, central
protoplasm with several nuclei,
, scattered in it ; &, commenc-
ing sarpolemma, with striated
musenlar substance developing
immediately beneath it

¢, from human feetus of three
months, (Ranvier.) The con-
tractile substance, & f, now
almost incloses the unaltered
protoplasm, g: only one nu-
clens, #, is represented.

Fia. 124.—MUSCULAR FIBREES FROM THE Fic. 125.—8I1% MUSCULAR FIBRE-CELL3

HEART, MAGXNIFIED, SHOWING THEIR FROM THE HEART. (Magnified 425

CROSS-STRIE, DIVISIONS, AND JUNC- diameters. )

TIONs. (Schweigger-Seidel.) i, lime of junction between two cells; b, v,
The nuclei and eell-junctions are only repre- branching of cells. (From a drawing by

sented on the right-hand side of the gguru, I, E. Neale.)
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are composed of a series of short eylindrical cells (figs. 124, 125)
Joined together end to end, each corresponding to one of the nuclei.
The lines of junction of these cells may sometimes be seen in longi-
tudinal sections stained with hematoxylin ; but they come much more
distinetly into view in sections of the fresh tissue stained with nitrate
of silver. They appear to be bridged across by fine fibrils.

F16. 126.—FRAGMENT OF THE NETWORK OF PURKISJE FROM THE VENTRICULAR
ENDOCARDIUM OF THE SHEEP. (Ranvier.) #¢°,

ey cell ; w, nuelei; f, striated substance in the periphery of the cells,

The above description of the musenlar tissue of the heart as composed of
short uninucleated cells and of the transverse markings which are seen crossing
the fibres as intercellular substance separating the cells from one another—a
description which was originally given by Schweigger-Seidel, and which has
been accepted by histologists for the last thirty years—has recently been
traversed by v. Ebner, who regards the transverse markings as disks of
muscular su{smnce in a condition of contraction, and also by M. Heidenhain,
who looks upon them as special differentiations in the course of the fibres,
not of the nature of intercellular material, and not marking the fibres out into
cells. According to these authorities the whole heart museunlature is to be
looked upon as a syneytium or ramified amassment of nucleated protoplasm
without any definitely marked cell-areas, the muscular fibrils being freely
continued through the supposed cell junctions. As against this view of the
structure of the heart muscle must be set the silver-staining of the supposed
cell-junctions, and the fact that, at least in young animals and in the lower
vertebrates,it is easily possible to separate the fibres after maceration into short
uninucleated fragments. On the other hand, the continuity of the museular
fibres within the masses of Purkinje’s cells under the endocardium in the
sheep, the fibrils around one cell being freely continued arvund the neigh-
bouring cells, is in favour of the view advocated by v. Ebner and Heidenhain.

Prain MuscLE.

Involuntary or plain muscular tissue is composed of long, somewhat
flattened, fusiform cells (fig. 127), which vary much in length. Each
cell has an oval or rod-shaped nucleus, which shows the usual intra-
nuclear network and commonly one or two nucleoli. The cell-substance
is longitudinally striated (fibrillated), but does not exhibit cross-striz
like those of voluntary muscle. There appears to be a delicate non-
striated external layer,probably a stratum of undifferentiated protoplasm,
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certainly not a true sarcolemma. There is a little intercellular substance
uniting the cells together, which can be stained by nitrate of silver,
and this intercellular substance appears to be bridged across by fine
filaments passing from cell to cell (fig. 128). Some anthorities, however,
deny that the involuntary cells are thus connected, and hold that the
appearance of bridging fibres is due to intercellular connective

A

Fig. 127.—MUSCULAR FIBRE-CELLS FROM THE MUSCULAR COAT OF
THE SMALL INTESTINE, HIGHLY MAGNIFIEIL.

A, a complete eell, showing the nuclens with intra-nuclear network, and
the longitudinal fibrillation of the cell-substance, with finely vacuolated
E:.n’m nsm between the fibrile; B, a cell broken in the process of

lation ; a delicate external er projects at the broken end a little
beyond the strinted substance of the cell.

FiG. 128.— MUSCLE-CELLS OF INTESTINE. (Szymonowics.)
Magnified 530 diameters.
Tfi-_-, fibres are represented in longitudinal section; amd the interstices

between them are seen to be bridged across by fine fibrils. 1, inter-
Fig. 197, stiee @ s, nucleus,

tissue. It is however difficult to understand how the contractions are

propagated from cell to cell if there is no sort of protoplasmic con-

tinuity in the tissue. '
Plain musenlar tissne is found chiefly in the walls of hollow viscera ;

thus it forms the muscular coat of the stomach and intestines, and

oceurs abundantly in the muscular coat of the gullet, although it is






STRUCTURE OF NERVE-FIBRES. 113

LESSON XVIIL
STRUCTURE OF NERVE-FIBRES.

1. Teask a piece of fresh nerve rapidly in salt solution (or by the method of
semidesiccation, afterwards mounting in salt solution), injuring the fibres as
little and obtaining them as lon :au.mir straight as possible. Study the medul-
lated fibres, carefully noticing all the structures that are visible—viz, nodes
of Ranvier, nucleus of primitive sheath, double contoor of medullary sheath,
medullary segments, etc. Measure the diameter of half a dozen fibres. Draw
a short length of a fibre very exactly.
2. Prepare a piece of sympathetic nerve in the same way. The nerves
ing to the s%l;&n are the best for the study of non-medullated fibres.
hey may also found amongst the medullated fibres of the ordinary
nerves. Measure and sketch as before.

3. Separate (in dilute glycerine) into its fibres a small piece of nerve or
nerve-root that has been twenty-four hours in 1 per cent. osmie acid. The
nerve should have been moderately stretched on a piece of cork by means of
glass pins before being placed in the acid. Keep the fibres as straight as
possible and only touch them near their ends with the needles. Sketch two
portions of a fibre under a high power, one showing a node of Ranvier and
the other a nucleus of the primitive sheath. Look for fibres of Remak.
Measure the length of the nerve-segments between the nodes of Ranvier.

4. Mount in xylol balsam sections of a nerve which has been hardened
in pierie acid or fixed with osmic acid and hardened in aleohol. Stain with

icro-carmine or heematoxylin. The nerve should be straightened out before
Eeing placed in the hardening solution. Examine the sections first with a
low and afterwards with a high power. Notice the lamellar structure of the
perineurium, the varying size mg the nerve-fibres, the axis cylinder in the
centre of each fibre, ete. Measure the diameter of five or six fibres, and
sketch a small portion of one of the sections.

5. Mount in glycerine sections of splenic nerve which was placed as soon
as possible after death in 1 per cent. osmic acid.

Nerve-fibres are of two kinds, medullated and non-medullated. The
cerebro-spinal nerves and the white matter of the nerve-centres are
composed of medullated fibres ; the sympathetic nerves near -their
peripheral distribution are largely made up of non-medullated fibres.

The medullated or white fibres are characterised, as their name
implies, by the presence of the so-called medullory sheath or white
substance. This is a layer of soft substance, physically of a fatty
nature, which encircles the essential part of a nerve-fibre, viz, the
axis-eylinder. Outside the medullary sheath is a delicate but tough
homogeneous membrane, the primitive sheath or mnucleated sheath of

Schwann, but this is not present in all medullated fibres, being absent
H
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in those which are within the nerve-centres, The primitive sheath is
also known as the neurolemma.

Fic. 120.—WHITE oOR MEDULLATED
NERVE-FIBRES, SHOWING THE SINUOUS
(UTLINE AND DOUELE CONTOURS.

Fiz. 130,—PoRTIONS OF TWO NERVE-
FIBRES STAINED WITH OSMIC AQID
(FROM A YOUNG RABBIT). (425 dia-
meters. )

+ K, &, nodes of Ranvier, with axis-cylinder
passing through. a, primitive sheath of
the nerve; ¢, opposite the middle of the
segment, indicates the nucleus and proto-
plasm lying between the primitive sheath
and the medullary shenth. Im A the nodes
are wider, and the intersegmental sub.
stance more apparent than in B. (Drawn
by J. E. Neale.)

The medullary sheath is composed of a highly refra.ct-mg fatty material,
which gives a characteristic dark contour and tubular appearance

1 Often termed ** neurilemma,” a name formerly applied to the sheath of Henle
(see p. 120).
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to the nerve-fibres (fig. 129). It affords a continuons investment to
the axis-cylinder, except that, as was shown by Ranvier, it is inter-
rupted at regular intervals in the peripheral nerve-fibres, Here the

... ¢

Fia. 132.—1Two PORTIONS OF MEDUL-

LATED NERVE-FIBRES, AFTER TREAT-
: MENT WITH OSMIC ACID, SHOWING THE
FiG. 131.—A SMALL PART OF A MEDULLATED AXTH-OTLIFDERAND THE: MEDULLARY

FIBRB, HIGHLY MAGNIFIRD. AND PRIMITIVE SHEATHS. (Key and
The fibre looks in optical section like a tube— Retzins. )
:hm ﬂ%ﬁﬁﬁtﬁ;ﬂk}rﬁgﬂnﬂg}& rgﬂ:mﬂt; A, node of Ranvier. B, mpiddle of an inter-

medullary clefts) are seen in the medullay node with nucleus. ¢, axis-cylinder pro-
‘ihmth,wﬁchatt'h}unaplnmnn:hihitaat&ndoncg jf“”"g: », primitive sheath, within which
to split into lamine. The primitive sheath is the medullary sheath, which is stained
here and there apparent outside the medullary dark by the ogmic acid, is broken away for
sheath, and the Eelinu.tﬂ strim which are vizible a short distance.
in the middle of the fibre indicate the fibrilla-

tions of the axis eylinder.

primitive sheath appears to produce a constriction in the nerve-fibre,
and the interruptions of the medullary sheath are accordingly known
as the constrictions or nodes of Ranvier (figs. 130, 132, 133), the

Fi1a. 133. — NERVE-FIBERE PREPARED WITH OSMIC ACID, (Szymonowilcs.)

i, node of Ranvier. The intervals between the medullary segrents appear as clear oblique
lines, a, a.

term nodes being applied from the resemblance which they bear to
the nodes of a bamboo. 1t is however uncertain whether the con-
striction is entirely occupied by the neurolemma itselt or largely by
a special band (constricting band of Ranvier) of a material which resembles
intercellular substance in its reaction to nitrate of silver (see fig. 142).
The length of nerve between two successive nodes is termed an inter-
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node; in the middle of each internode is one of the nuclei of Schwann's
sheath. Besides these interruptions the medullary sheath shows a
variable number of oblique clefts (figs. 131, 133), which subdivide it
into irregular portions, which have been termed medullary segments ;
but there is some reason to believe that the clefts are artificially
produced. At the clefts there is an appearance of spiral fibres in the
medullary sheath, especially after treatment of the nerve with certain
reagents (Golgi), but it is also doubtful if these fibres are present in
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Fiac. 134. —BETICULAR APPEARANCES IN THE MEDULLARY SHEATH OF NERVE-
FIBRES. (Credoelst.)

A, from the toad; B, from the guinea-pig. The reticulum is finer at &, coarser at b;
atill coarser in the fibre shown at B : », nucleus of fibre,

the fresh nerve. A reticular structure has also been deseribed in
the medullary sheath (newrokerafin network of Kiihne), and can be
readily seen in nerve fibres fixed in alcohol and treated with ether,
but it varies greatly in appearance, and is perhaps produced by
the action of the reagents employed to show it (fiz. 154). By other
modes of fixation (¢ g. picric acid) the medullary sheath appears to
have a rod-like structure (fig. 136), but this again may be due to the
manner in which certain of its constituents are coagulated by the
reagent. Osmic acid stains the medullary sheath black (fig. 137).

The awxis-eylinder, which runs along the middle of the nerve-fibre, is
a soft transparent thread which is continuous from end to end of the
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nerve. On account of the peculiar refractive nature of the medullary
sheath it is difficult to see the axis-cylinder in the fresh nerve except at
the nodes, where it may be observed stretching across the interruptions
in the medullary sheath; it may also sometimes be seen projecting
from a broken end of a nerve-fibre. It is longitudinally striated, being
made up of exceedingly fine fibrils (uitimate fibrils, fig. 135), which are
stained darkly by chloride of gold. They are readily seen at the ter-
mination of a nerve, as in the cornea (fig. 177), and are also visible in
the section of a nerve fibre as fine dots which sometimes appear to have
a clear centre (fig. 136), as if the fibrils were tubular. Staining with
nitrate of silver produces a curious transversely striated appearance in the

Fiz. 136, —SECTION ACROSS FIVE NERVE-
FIERES. (Magnified 1000 diameters. |

The nerve was hardened in picric aclid and
stained with picro-carmine. The radial

: atriation of the medullary sheath is very
: ; apparent. In one fibre the rays are broken

F16. 135, —AXIS-CYLINDER, HIGHLY MAG- by shrinkage of the axis-cylinder. The

NIFIED, SHOWING THE FIBRILS COM- fibrils of the axis-cylinder appear tubular.
POSING IT. (M. Schultze.) (From a photograph.)

axis-cylinder, but it is doubtful if this indicates a pre-existent structure.

Medullated nerve-fibres vary greatly in size (fig. 137), but may be
classified as large, intermediate, and small. The largest are those which are
passing to the skin and to the voluntary muscles ; the smallest are those
which are distributed to the viscera and blood-vessels by way of the sym-
pathetic ganglia. As shown by Gaskell, the anterior roots of all the
thoracie, of the first and second lumbar, and of the second and third
sacral nerves contain besides the ordinary large medullated fibres a
bundle of very small medullated fibres which are destined for the
viscera and blood-vessels, and which for the most part pass to the
sympathetic. The roots of one or two of the cranial nerves (e.g. the
spinal accessory and the seventh) contain similar fine medullated fibres.

Non-medullated fibres.—Intermingled with the medullated fibres
there may always, even in the cerebro-spinal nerves, be found a certain
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number of pale fibres devoid of the dark double contour which is

Fic. 137.—SECTION OF THE SCIATIC XERVE OF A CAT, SHOWING THE VARIATIONS
IN SIZE OF ITS CONSTITUENT FIBRES. (Magnified 300 diameters.) The
nerve was fixed with osmic acid.
characteristic of the presence of a medullary sheath. These are the

grey or non-medullated fibres, also called, after their discoverer, fibres of

Fic. 138, —NON-MEDULLATED NERVE-FIBRES. (Magnified 400 diameters. )

Remak (fig. 138). They frequently branch, which the medullated fibres
rarely do except near their termination, and
they are beset with numerous nuclei which
perhaps belong to a delicate sheath. The
sympathetic nerves, as they approach their
peripheral distribution, are largely made up
of fibres of this nature, but, on the other hand,
many of the fibres of the sympathetic nerves
lf o B S SehiPOGNSRR thin medullary sheath.
RON-MEDULLATED FIBRES Structure of the nerve-trunks.—In their
;ﬁ“:;!'::Hﬁ“fﬂ'.‘l?;:gkifg‘}'": course through the body the nerve-fibres are
gathered up into bundles or fumiculi, and the
funiculi may again be united together to form the nerves which we
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meet with in dissection. The connective tissue which unites the
funiculi and invests the whole nerve, connecting it to neighbouring

[ poy ¥ BEERAd e F LS e A Akt A AR
LA

F1c. 140,—SBECTION OF PART OF A NERVE-TRUNK FIXED WITH OSMIC ACID.
(From a photograph.) (Magnified 40 diameters.)

Three small funieali and a small part of a larger funicnlus are shown. The fat-cells in
the epineurium are stained k by the esmic acid.

Fi6. 141.—SECTION OF PART OF A FUNICULUS OF THE SCIATIC NERVE OF A CAT
FIXED WITH FLEMMING'S sOoLUTION. (Magnified 400 diameters.)

¢p, epineurium with blood-vessels ; ¢, section of an end-bulb; p, perineurinm ; m, medul-
ated fibre cat at the level of & nucleus ; n, %, bundles of non-medullated fibres.

parts and conveying to it blood-vessels, lymphatics, and even nerve-
fibres destined for its coats, is termed the epinewrium. That which
ensheaths the funiculi is known as the perinewrium (figs. 140, 141). It
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has a distinctly lamellar structure (fig. 141), the lamell@ being composed
of connective tissue and covered on both surfaces by flattened epithelioid
cells (fig. 142). Between the lamellze are clefts for the conveyance
of lymph to the lymphatics of the epineurium. The delicate connective
tissue which lies between the nerve-fibres of the funiculus is the en-
doneurium. It assists in supporting the longitudinally arranged mesh-

F1c. 142 —NERVE-FUNICULUS STAINED
WITH NITRATE OF SILVER SHOWING
THE OUTLINES OF EPITHELIOID-CELLS
OF THE PERINEURIUM. (Ranvier.)

The dark crosses on the nerve-fibres at the
nedes of Ranvier are due to the staining
of the axis-cylinder and of a band of inter-
cellular substance which encircles the
axis-cylinder at the node (constriction
band of Ranvier),

work of blood-capillaries, and its interstices communicate with the
lymphatic clefts of the perineurium.

All the branches of a nerve, and even single nerve-fibres which
are passing to their distribution, are invested with a prolongation of
the perineural sheath, which is then known as the sheath of Henle.

The nerve-trunks themselves receive nerve-fibres (nervi nervorum)
which ramify chiefly in the epineurium and terminate within this in
end-bulbs (Horsley) (fig. 141, e).
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LESSON XIX.
STRUCTURE OF GANGLIA.

1. Pur a small piece of spinal ganglion into 1 per eent. osmic acid for two or
three hours. Place in water containing a fragment of thymol for two days
or more. Tease in dilute glycerine. Notice the spheroidal ganglion-cells ;
their large nuclei and distinet nucleoli. Many of the cells may still be seen
within their nucleated membranous sheath. Look for cells which still retain
the axis-cylinder process and for T-shaped junctions of nerve-fibres with
this.

2. FPlace a spinal ganglion of a freshly killed animal in salt solution contain-
ing 1 part in 100 of methylene blue. In an hour's time transfer it to fresh salt
solution, and tease a small piece carefully, with the aid of a dissecting micro-
scope in order to isolate some of the cells. The ganglion cells with their

rocesses should appear colonred, and the rest of the tissue nearly colourless.

he colour may be fixed by treatment for an hour or more with picrate of
ammonia (saturated solution), and the preparation may then be mounted in
glycerine containing picrate of ammonia.

3. Prepare a piece of sympathetic ganglion as in $§ 1 and 2. If froma
rabbit observe that many of the cells are bi-nucleated.
Measure two or three cells in each of the above preparations.

4. Mount stained sections of ganglia in Canada balsam. These will serve
to show the arrangement of the cells and fibres in the ganglion and the
nucleated sheaths around the nerve-cells,

The ganglia may be fixed and hardened in saturated solution of corrosive
sublimate or of pieric acid or a mixture of the two in equal parts. They
may either be stained in bulk or sections cut from paraffin and stained on
the slide. Or the fresh ganglia may be stained by prolonged immersion in
1 per cent. methylene blue in salt solution ; rinsed with salt solution ; fixed
with picrate of ammonia for 15 minutes, then placed for 15 minutes more
in Bethe's fixative for methylene blue,' and finally hardened in aleohol and
prepared for sections in the usual way.

LESSON XX,

NERVE-CELLS OF SPINAL CORD AND BRAIN; DEGENERATION
OF NERVE-FIBRES; DEVELOPMENT OF NERVE-CELLS AND
FIBRES.

1. PLacea portion of the grey matter from a piece of spinal cord in 33 per
cent. alcnlmfo After macerating for two days or longer in this fluid, a little of
the grey matter may be shaken up in a test-tube with water so as to break it
up into fine fragments. Allow these to subside, decant off the water and

! See Appendix.
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substitute a dilute solution (1 to 500) of toluidin blue or of methylene blue.
After standing a few minutes this may also be decanted off and water again
substituted. Some of the debris is now to be pipetted off and examined
under a low power of the microscope, at first without a cover-glass so that
the cells may, if necessary, be separated from the rest of the tissue. Mount
in water with a thick hair under the cover-glass. Notice the large branching
cells, some with a mass of pigment near the nucleus. Observe the fibrillation
of the cell-processes. Many axis-eylinders will be seen in this preparation
deprived wholly or partially of their medullary sheath, and their fibrillar
structure can then also be well seen. Carefully sketch these appearances.
To keep this preparation the stain must be fixed with picrate of ammonia,
after which a mixture of glycerine and picrate of ammonia may be used
for mounting. Similar preparations may Ee made from the grey matter of
the cerebral cortex and cerebellar cortex.

2. Examine the nerve-cells and neuroglia-cells in sections from the spinal
cord, cerebrum, and cerebellum of a small animal, e.g. young rat or kitten,
tn'ﬂp;m:-tl by Golgi's method. The sections must be mounted in thick xylol
slsam without a cover-glass, and the balsam dried rapidly on a warm plate.

3. Make teased preparations from a nerve which, some days previously,
has been cat nearer the spinal cord. The nerve should have been prepared
with osmic acid, as in Lesson XVIIL, § 3. Notice the breaking up of the
myelin of the medullary sheath, varying in degree according to the length of
time the section has been made previously. In preparations from the central
eut end of the nerve new fibres may be seen budding from near the
extremities of the undegenerated fibres of the stump. Sections of the part
of the spinal cord of the ganglia from which the eut nerve-fibres arose will
exhibit Nissl's degeneration of the nerve-cells.

Nerve-cells only occur in the grey matter of the nerve-centres, and
in little groups on the course of certain of the peripheral nerves, these
groups often causing nodular enlargements of the nerves, which are
known as gangliac. The most important ganglia are those which are
found upon the posterior roots of the spinal nerves, upon the roots
of some of the cranial nerves, and upon the trunk and principal
branches of the sympathetic nerve. Minute ganglia are also found
very numerously in connection with the nerves which are supplied to
involuntary muscular tissue, as in the heart, alimentary canal, bladder,
uterus, etec.

Nerve-cells vary much in size and shape ; many are large (fig. 143),
some being amongst the largest cells met with in the body, but others
are quite small. The nucleus is generally large, clear, and spherical,
with a single large and distinet nucleolus ; there may also be a net-
work of chromoplasm, but this is not always to be seen. The proto-
plasm is fibrillated, the fibrils passing into the processes. It also
contains peculiar angular granules (Nissl granules) staining darkly with
methylene blue (fig. 144), but the size, number, and arrangement of these
in different cells vary greatly. The granules are also found to vary in
number and in size with the physiological condition of the cells; thus it



Fii. 143 —WNERVE-CELL FROM SPINAL CORD OF OX, ISOLATED AFTER MACERATION
IN VERY DILUTE cHEOMIC ACID. (Magnified 175 diameters.)

The cell has a well-defined, clear, round nucleus, and a large nucleolus. The cell-
processes are seen to be finely fibrillated, the fibrils passing from one process into
another through the body of the cell. o, axis-eylinder process broken o short
distance from the cell.

fi

Fic, 144. Fic. 145,
Fiic. 144.—BoDY OF A NERVE-CELL FROM THE SPINAL CORD, STAINED BY NIssL'a
METHOD. (8. Ramdn v Cajal.)

a, axis-cylinder process or axon; &, angular granules (Nissl granules) in the protoplasm :
they are stained darkly by methylene blue ; ¢, intergranular substance; o, nuclens
£, & Nissl gpranule at the point of division of one of the dendrons,

Fig. 145.—Two MOTOR NERVE-CELLS FROM THE DOG.

@, normal ; b, after a period of prolonged activity. (Photographed from preparations by
Dr. Guatav Mann.)
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is found that nerve-cells which have been fatigued by prolonged activity
(fig. 145), and also those the axis-cylinder process of which has been cut
(fig. 159),:show the Nissl granules becoming disintegrated, and they may
even disappear for a time from the cell. A similar result is found to
occur after the action of poisons which especially affect the nervous
system. The Nissl granules of the nerve-cell appear to consist
chemically mainly of nmeleoproteid and to contain organically com-

Fic. 146 A,

Fig. 146.—A. NERVE-CELL OF ANNELID,
SHOWING NEUROFIBRILS ANASTOMOSING
WITHIN CELL-BODY. (Apdthy.)

iy, axon ; of, dendrons.

B. NERVE-CELL FROM SPINAL GANGLION,
SHOWING NETWORK AROUND THE RUCLEUS.
(Grolgi.)

Fia. 146 B.

bined iron. Many nerve-cells have also a clump of pigment granules,
containing lecithin, at one side of the nucleus. This is especially
marked in certain localities (locus cceruleus, locus niger), and is more
frequent in man than in the lower animals. The pigment also tends to
inerease in amount as age advances. Certain other points of structure
in nerve-cells have recently attracted attention. One of these is the
presence on the surface of most, if not of all, nervecells of a delicate
investment which has a reticular character (reficulum of Golgi) (fig.
150). Besides this an appearance as of fine fibrils has been
described in some nerve-cells, forming a network in the protoplasm,
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most marked in the neighbourhood of the nucleus (fig. 146). These

two appearances are distinct from one another ;
their meaning is at present unknown.

Every nerve-cell has one or more processes,
These processes are of two kinds. The first
kind is that known as the azis-cylinder process
(Deiters) or nerve-fibre process, so called because
it becomes the axis-cylinder of a nerve-fibre
(fig. 147 a, '), or, in the case of the non-
medullated fibres, becomes the nerve-fibre itself’
It is also termed the newrawon or simply the
aAxon.

Some years ago I proposed the name “neuron”
for this process as an imdication of the fact that
it becomes a mnerve-fibre (Gr. revpor, a mnerve)
and in contradistinction to “dendron,” but this
name, or its derivative ““ neurone,” has come into
" use in quite a different sense, viz. : to denote the
nerve-cell itself, including all its processes, and
its employment in this latter sense has become
too deeply rooted in recent neurological litera-
ture to be eradicated. Suffice it to say that it
is exactly synonymous with “nerve-cell” as here
employed, although some authors restrict the termn

nerve-cell to the body of the cell, a practice which
is on all grounds to be deprecated.

Probably no nerve-cell is without this pro-
cess. The place where it arises from the body
of the nerve-cell (cone of origin) is marked off
from the rest of the cell substance by absence
of Nissl granules (fig. 144). The other pro-
cesses of the nerve-cell are those which were
termed by Deiters the profoplasmic processes ;
they are now usually termed the dendions or
dendrites and are generally multiple, whereas
the axon is generally single. The dendrons
are characterised by the fact that as soon as
they leave the cell they begin to branch den-
dritically, whereas the axis-cylinder process does
not branch until near its termination, with the
exception of a few fine lateral offshoots, which
are sometimes given off in its course. Dendrons
may be absent; the cell is then said to be
adendric, e.g. most of the cells of the spinal
ganglia. Most nerve-cells have only one nerve-

I
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Fic. 147. —AXI5-OYLINDER
PROCESS OF A NERVE-
CELL FROM THE SPINAL
conp. (M. Sehiltze.)

¥ %, portion of the cell-body,
out of which the fibrila of
the axis-cvlinder process, a,
are seen to emerge. At o,
this process noquires a me-
dullary sheath. (Highly
magnified.)
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fibre process (mononeuric or wnipolar), but some have two
or more (dinewric or bipolar, trineuric, ete.). The dendrons
contain Nissl's granules, but the axons do not (fig. 144).

Fig. 148.—CELL FROM A SPINAL GANGLION, (G. Retzius.)

#h, nueleated sheath of the eell; w, o', the nerve fibre which the single procesa
of the cell, after a number of coils, joins.

The shape of the cell depends a good deal on the
number of processes, and the manner in which they come
off from the cell. If there is but one process the cell is
generally nearly spherical. This is the case with most of
the cells of the spinal ganglia (fig. 148) ; in these the single
process, after a short course, divides into two fibres, which
pass the one centrally the other peripherally. When there are
two main processes, they often go off in opposite directions

Fia. 150, —FRroM THE TRAPEZOID NUCLEUS IN THE PONS VAROLIL, SHOW-
ING THE ENDING OF AN AXON EXPANDED INTO A CALIX, AND CLOSELY
EMBRACING THE BODY OF ANOTHER CELL, THE RETICULAR INVEST-
MENT OF WHICH 18 ALSO APPARENT. (Vincenzi.)

from the cell, which is thus rendered somewhat spindle-
shaped (bipolar, fig. 149), but occasionally they emerge at the
same part. In some cases where there appear to be two
fibres connected with a cell, one of them is really derived
from another nerve-cell elsewhere, and is passing to end in
a ramification which envelops the cell-body ; in certain situa-

Fig. 149.— A BIFOLAR CELL WITH TWO AXONS, WHICH BECOME INVESTED
WITH MEDULLARY SHEATH IMMEDIATELY ON LEAVING THE CELL.
(Key and Retzius )

The neurclemma of the nerve-fibres is continued over the cell-body,
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tions the ramification is so intimately united to the body of the
second cell that it appears to be rooted in the external layer (fiz. 150)

T T R Y 5
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Fic. 151. —LONGITUDINAL SECTION THROUGH THE MIDDLE OF A GANGLION ON
THE FOSTERIOR EROOT OF ONE OF THE SACRAL NEERVES OF THE DOG, AS
SEEN UNDER A LOW MAGNIEYING POWEH.

a, nerve-root entering the ganglion ; b, fibrea leaving the ganglion to join the mixed
spinal nerve ; ¢, connective-tissue coat of the ganglion ; o, prineipal group of nerve-

cells, with fibres pu:ud.n% down from amongst the cells, to unite with the longitu-
dinally coursing nerve-fibres by T-shaped junctions.
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Fi6. 152 —DIAGRAM SHOWING SOME OF THE CELLS OF A SPINAL GANGLION AND
THEIR CONNECTION WITH NERVE-FIBRES. (Dogiel.)
a, p, anterior and posterior root of spinal nerve ; n, an issuing nerve bundle ; sy, Gbres
from sympathetic ; x, a cell, the axon of which ends in rumifications around the
cell-bodies of the ordinary ganglion.cells.
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(concrescence of Held). When there are three or more processes, the
cell becomes irregularly angular, as in the motor-cells of the spinal
cord (fig. 143).

In the ganglia (fig. 151) each nerve-cell has a nucleated sheath (fig.
148) which is continuous with the sheath of the nerve-fibre with which

Fic. 155, —SYMPATHETIC GANGLION-CELLS WITHIN A SMALL GANGLION OF THE
INTESTINE. (Dogiel.)

a, a, axons ; b, b, dendrons ending in terminal arborescences which invest other cells, ¢
o, axon entering the ganglion,

the cell is connected. In the spinal ganglia, and in many of the
canglia at the roots of the cranial nerves of mammals and of most
other vertebrates, the cells have only one process, the axis-cylinder
process, which soon acquires a medullary sheath and then passes with
a somewhat convoluted course to some little distance from the cell-



STRUCTURE OF GANGLIA. 129

body, where, still within the ganglion, it divides into two, one fibre
passing to the nerve-centre, and the other towards the periphery.
The branching is T-shaped or Y-shaped, and always oceurs at a node
of Ranvier (figs. 148, 152). These cells have no dendrons. In
the sympathelic ganglia the nerve-cells usually have several dendrons

Fic. 155,

: * Fig. 154.—A ¢ELL or TYPE I or GoLc!

- FROM THE CORTEX CEREEERI.
“a\ 4 w, its neuron ; eoll,, eollaterals ; o, dv, dendrons.
The neuron of a cell of this type may extend

R \‘(' right down the spinal cord,

FiG. 1556.—CRLL OoF TYFE 1I. OF GOLGI, WITH
BHORT AXON RAMIFYING IN THE ADJA-
CENT GHEY MATTER.

\

Fia. 154.

and one axon; this becomes a non-medullated nerve-fibre (fig. 153, a, a).
The cells of ganglia are disposed in aggregations of different size,
separated by the bundles of nerve-fibres which are traversing the
ganglion (fig. 151). The ganglion if large is inclosed by an investing
capsule of connective tissue which is continuous with the epineurium

and perineurium of the entering and issuing nerve-trunks.
: ;
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In preparations made by Golgi’s chromate of silver method the nerve-
cells and their processes are coloured black by a deposit of reduced
silver, so that the processes can be traced for a considerable distance
from the body of the cell, in fact in many instances as far as their
remotest ramifications. It is found by the employment of this method
that the axis-cylinder process is not always an unbranched process, as
was formerly supposed, but that it usually, if not invariably, gives off
fine lateral branches (collaterals), which themselves tend to ramify in
the adjacent nerve-substance (fig. 154). And, although the main part
of the axis-cylinder process usnally passes on and becomes part of a
long medullated nerve-fibre (cell of type I. of Golgi, fig. 154), this is
not always the case, for in another type of nerve-cell within the nerve-
centres (cell of type 11 of Golgi, fig. 153) the axis-cylinder process breaks
up almost immediately into a terminal arborescence. Moreover, even
the long process of type L. (which becomes the axis-eylinder of a long
nerve-fibre) ultimately ends in a similar manner, that is to say, in a
terminal ramification or arborescence, as will be seen in studying
the endings of nerve-fibres, and the structure of the central nervous
system.

Each nerve-cell is believed to be an anatomically independent
element, and the connection of one nerve-cell with another to be effected
by the terminal arborisations either of the dendrons or of the axons.
Such arborisations from different cells may interlace with one another
(as in the olfactory glomeruli (fig. 156) and in the retina), or a terminal
arborisation from one cell may embrace the body (fig. 157) or the
commencing cell-processes of another cell (as with the cells of Purkinje
in the cerebellum). The term synapse (Foster) has been applied to
these modes of junction without continuity. By the synapses nerve-
cells are linked together into long ehains of cells or neurones, and each
physiological tract follows these chains, the physiological path being un-
interrupted, although the anatomical path is believed to be interrupted.

The doctrine of the anatomical independence of the nerve-cell is known as
the * neurone-theory.” It is supported by the appearances of chromate of
silver preparations of nerve-cells in which the reduction of the silver is
strictly confined to single cells which become stained with all their pro-
cesses, which, as demonstrated by this method, are never found in continuity
either with the processes or with the bodies of other nerve-cells. More-
over many of the facts relating to nerve-degeneration can be more readily
interpreted by this theory than by one which assumes the existence of direct
continuity between the nerve units. But it has been shown by Apdthy
that in annelids (the nervous system of which was formerly supposed to offer
a typical example of isolated hnked “ neurones”), the fibrils are in fact con-
tinuous from cell to cell and are not interrupted at the synapses; it is
therefore possible that the same may prove true for vertebrates also, in
which ease the doctrine of independent umnits would require modification.
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We may at any rate assume the truth of the hypothesis so far as the
nutrition of all the processes of the nerve-cell to their remotest termina-
tions 18 concerned, independently of the question whether there is or is not
anatomical continuity of nerve-fibrils from one unit to the other, for there are
many examples of such continuity by means of fibrils combined with trophie
independence, in both animal and plant cells.

Fic. 156, Fic. 157.

Fic. 156.—3¥NAPSE OF OLFACTORY NEREVE FIBRE,
i, with dendron of a mitral cell in olfactory glomernlns, af.

Fig. 157. —ARBORISATION OF COLLATERALS FROM THE POSTERIOR ROOT-FIRRES
AROUND CELLS IN THE POSTERIOR HORN OF GHEY MATTER. (5. Bamdn y
Cajal.)

A, fibres of posterior column derived from posterior root ; B, collaterals; C, D), nerve-

cells in grey matter surrounded by the arborisations of the collaterals; E, an ‘h
arborisation shown separately.

Degeneration of nerve fibres and nerve-cells.—Since each nerve-
fibre is the process of a nerve-cell, when a nerve is cut, the separated
part dies, its axis-cylinder becomes broken up, the nuclei of the neuro-
lemma multiply, and its medullary sheath undergoes a gradual process
of disintegration into droplets of fatty substance which stain intensely
like fat itself in a mixture of bichromate of potash and osmic acid
which does not stain the medullary sheath of normal fibres.! The
change which results in the fibres was deseribed by Waller in 1850 and

! It has been shown by Halliburton and Mott that the histological breaking up
into fatty droplets is accompanied by a chemical decomposition of the lecithin
of the medullary sheath, cholin being set free.
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is known as Wallevian degeneration (fig. 158, A to ¢). In man and
mammals these changes begin 24 to 48 hours after section of the nerve,
and proceed rapidly, so that by the third day the nerve-fibres cease to
conduct impulses. When a peripheral nerve is cut, all the nerve-fibres
distal to the point of section must degenerate, because all have grown

Fic. 1558, —DEGENERATION AND REGENERATION OF KERVE-FIBRES ¥ THE RABBIT.
(Ranvier.)

A, part of a nerve-fibre in which degeneration has commenced in COnSEqUEnce of the
section, fifty hours previously, of e).gt.ha trunk of the nerve higher up ; wy, m ul].nry
sheath 'Imemnmg broken up into drops of myelin; p, granular protoplasmic su
stance which is replacing the myelin; », nuclens; g, nenrolemma. B, anot.har
fibre in which degeneration is proceeding, the nerve having been cut four dw
viously ; p, as before ; ey, axis-cylinder partly broken up, and the pieces inc
portinrns of myelin, my , more advanced stage of clagauemtluu, the medullary
sheath having almost dluappi.r.u.rm'l. and being replaced 'h El.um P, In whir:h
besides drops of fatty substance, m, are numerous nucle ich have mu
from the division of the single nucleus of the internode, B cummenei.ng regensar-
ation of a nerve-fibre. Several small fibres, ¢, ¢, have apmut.ed from the some-
what bulbous cut end, &, of the original fibre, £} a, an axis-cylinder which has not
vet acquired its medullary sheath; s, &, neurolemma the original fibre.
A, {-’E_ and £ are from osmic preparations; B, from an aleohol and carmine pra-
paration.

from and are processes of nerve.cells in or near the nerve-centre—
the afferent fibres from the cells of the ganglion on the posterior root,
the efferent fibres from the cells of the anterior horn of the spinal cord.

Waller supposed that no changes are produced centrally to the
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injury when a nerve is cut, nor indeed is there any obvious alteration
in the nerve-fibre itself between the injury and the cell-body, although
it is stated that the fibrils of the axis-cylinder disappear for a time,
But it was found by Nissl that marked changes ocenr in the cell-hody
of every cell the axis-cylinder of which has been severed. These
changes become apparent a few days after section of the nerve-fibre and
consist in a disintegration of the chromatin granules, associated at first
with a general swelling of the cell-body and nucleus. After a time the
disintegrated chromatic substance becomes in great measure removed
and the cell-body and nuclens become greatly shrunken in volume.

Fi1G. 159.—STAGES OF CHROMATOLYSIS 1IN NERVE-CELLS, THE AXONS OF WHICH
HAVE BEEN SEVERED. (Diagrammatic.)
A, normal eell; B, early stage of chromatolysis; C, advanced stage.

This process of disintegration and disappearance of chromatin may he
termed Nissl's degenerafion: 1t 1s also known as chvemafolysis. 1t is
brought about not only by section of the axon, but also as the result of
excessive fatigue of the intact cell (fig. 143), and of the action of a
large number of drugs and poisons.

Regeneration.— After a certain lapse of time, especially if the cut ends
of the nerve are in apposition, continuity between them may become
re-established. But when such regeneration takes place in the cut
nerve, it is effected not by a re-establishment of connection between
the degenerated fibres and the fibres of the central stump, but by
an outgrowth of new fibres from the stump (fig. 158, D); these
may find their way to the periphery along the course of the degener-
ated fibres. 1f they succeed in doing so, the continuity and conducting
power of the nerve become restored. Some authorities have attempted
to show that regeneration may take place independently in the peri-
pheral part of the cut nerve, but the evidence offered is not
conclusive, and although changes no doubt occur in the peripheral
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part preparatory to the down-growth of new fibres into it from the
central stump, it is difficult to conceive how there can be union
of the down-growing fibres with fibres in the periphery. If regenera-
tion fail to establish itself, the central end of the cut fibre and the
cell-body from which it takes origin undergo slow atrophic changes
resulving from disuse.  These atrophic changes may ultimately
extend to adjoining links in the cell-chains, so that even remote
cells in the same physiological path may eventnally become atrophied
(Guidden’s atrophy).

No regeneration of cut nerve-fibres ever occurs in the brain
or spinal cord, but the process of degeneration of the fibres which

Fig. 160, —SECTION OF SPINAL CORD OF EMBEYO CHICK, SHOWING NEUHOGLIA
FIBRES PROLONGED FROM THE EPITHELIUM OF THE CENTRAL CANAL.
(5. Bamon y Cajal.)

d, dorsal ; v, ventral surface ; ¢, central eanal from which the neuroglia cells {mi:l. fibres

are seen to radiate to the periphery of the cord. Some detached nenroglia cells are

also represented.
are cut off from their cell-bodies takes place in the same manner as
at the periphery, and the Nissl degeneration also takes place in the
cell-bodies. Both in the nerve-centres and in the peripheral nerves (if
regeneration fail to occur), the place of the degenerated nerves becomes
eventually occupied by strands of fine fibres, somewhat similar to the
fibres of cicatricial tissue, and probably allied to connective-tissue fibres.
These strands stain deeply with carmine and remain unstained by
osmic acid and by the Weigert-Pal method,! and are thus differ-
entiated from the surrounding normal medullated nerves.

1 See Appendix.
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Neuroglia cells.—In the brain and spinal cord the nerve-cells and
nerve-fibres are supported by a peculiar tissne which has been
termed the meuraglio. It is composed of cells and fibres, the

B

A

Fia. 16]1.-~-NEUROGLIA CELLS.

A. From brain, with dendritic processes attached to the sheath of a vessel. (Andriczen,)
B. From brain, with unbranched processes (spider cell).  {(Andriezen.)
. From white substance of spinal cord.

I, From spinal cord. (Ranvier.)
A, B, and Cshown hy Golgi moethod ; D, isolated after maceration in 53 per cent. alechol.

latter be.il‘lg pmlonged from the cells. Of the fibres some are

radially disposed. These start partly from the lining layer
of the central canal of the spinal cord and the ventricles of
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the brain, where they are usvally stated to be continuous with the
ciliated epithelium cells lining these cavities, althongh according to
Johnstone they pass between those cells, They course in a radial
direction, slightly diverging as they proceed, and constantly branch-
ing, towards the surface of the organ, where they end in slight
enlargements attached to the pia mater. These radial neuroglia cells
and fibres are best seen in the embryo before the nervous elements
are fully developed (fig. 160). The other fibres of the tissue are
prolongations or cell-processes of branching neuroglia cells (glia-cells

‘ LAY ;
Fia. 162 Fic. 1635.
Fig. 162.—8ECTION OF NEURAL EPITHELIUM OF EARLY EMBRYO.
Highly magnified view of part of a section, at the time of the first differentiation of
the neuroblasts, showing, s, spongework formed of the outer ends of columnar

epithelinm eells, #; g, rounded ** germinal cells™ in process of division (probably to
form neunroblasts); s, a neurcblast, (His.)

FiG. 163 —SECTION OF SPINAL CORD OF CHICK OF THIRD DAY OF INCUBATION.
(8. Ramdn y Cajal.)
A, anterior reot-fibres formed by ontgrowths of motor nearoblasts, ¢, ¢; B, torior
root-fibres formed by ingrowths of bipolar sensory neuroblasts, o, in ganglion rudi-
ment ; a, early neuroblasts ; &, nenroblast giving rise to a commissural nerve-fibre, d;

ki, i, enlurged ends of growing axons; ¢, ¢, nenroblasts of which the dendrons are
beginning to appear.

proper).  The cells are stellate in shape (fig. 161), and their fine
processes pass as neuroglia-fibres between the nerve-cells and nerve-
fibres, which they aid in supporting. There appear to be two kinds of
these neuroglia-cells differing from one another in the character of their
processes. In the one kind the processes branch repeatedly (fig. 161, A);
in the other kind they remain unbranched from their origin in the cell-
body to their termination (spider-cells) (fig. 161, B).

Some authorities consider that the fibres of the neuroglia are inter- not
intra-cellular, although it is admitted by all that they are formed originally
by the neuroglia cells,

Development of nerve-cells and fibres.—All nerve-cells in the body
are developed from the cells of the neural groove and neural crest of
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the early embryo ; the neural groove closing to form the neural canal,
the cells of which form the spinal cord and brain, and the neural crest
giving off at intervals sprouts which become the rudiments of the
ganglia. The cells which line the neural canal are at first all long
columnar cells, but amongst these, and probably produced by cell-
division from some of these (fig. 162, g), rounded cells (neuroblasts)
make their appearance, and presently from each neuroblast a process
begins to grow out (fig. 162, n). This is the axon, and is characterised
by its enlarged extremity (fig. 163, h, k). As it grows, it may emerge

Fia 164. —8PINAL AND SYMPATHETIC GANGLIA AND PART OF SPINAL CORD OF
CHICK OF SEVENTEENTH DAY OF INCURBATION. (8. Ramdn v Cajal.)

A, antero-lateral part of apinal cord with o, a motor nerve-cell; the fibres of the anterior
root are seen emerging and passing to B (the connection appears interrupted
in the scction); C, posterior root formed of fibres which have grown from the
ganglion cells in D, spinal ganglion; E, mixed spinal nerve; F, sympathetic
ganglion ; a, a, axons of sympathotie cells, passing to join the spinal nerve ; &, den-
drons of these cells; ¢, axons passing to the sympathetic cord; &, cells of sapinal
ganglion still bipolar ; i, i, bipolar cells becoming transformed into unipolar; j, uni-
polar eell with -.F:_‘iil.ll.uti{lll i, section of an artery ; g, verteboal body.
from the antero-lateral region of the canal and become the axis-cylinder
of a mofor nerve or anferior rool-fibre. The dendrons of the cell appear
somewhat later than the axon. The axiscylinder processes of some
of the neuroblasts remain within the nerve-centre, and are developed
into commissural, association, or intra-central fibres,
The sprouts from the neural crest contain the neuroblasts from

which the posterior root-fibres are developed. Axons grow out from
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these neuroblasts in two directions, so that the cells become bipolar
(fig. 163, 0). One set, forming the posterior root-fibres, grow into the
postero-lateral portion of the spinal cord and ramify in the developing
grey matter ; the other set, containing the afferent fibres of the spinal
nerves, grow towards the developing anterior roots, and eventually
mingle with them to form the mixed nerves. As development pro-
ceeds, the bipolar ganglion cells become gradually transformed in most
vertebrates, by a shifting of the two axons, into unipolar cells (fig. 164,
h, 4, j): but in eartilaginous fishes the cells remain permanently bipolar
(fig. 149).

The ganglia on the sympathetic and on other peripheral nerves are
developed from small masses of neuroblast-cells which separate off from
the rudiments of the spinal ganglia and give origin to axons and
dendrons much in the same way as do the neuroblasts within the
central nervous system.

The manner in which the medullary sheath and neurolemma of
the nerve-fibres are formed is not well understood. It is usually
assumed that they are also epiblastic in origin and are deveioped from
epiblast cells which grow out from the embryonic central nervous
system along the axis-cylinder processes of the neuroblasts. DBut this
1s by no means clear. It is indeed possible that the medullary sub-
stance may be formed by the axis-cylinder itself and that the neuro-
lemma with its nuclei may be derived from extrinsic cells, perhaps of
mesoblastic origin. The neuroglia cells appear to be developed from
epiblast cells of the wall of the neural canal, which, in place of giving
off axon and dendrons like the neuroblasts, send out a number of fine
processes in all directions from the cell to form the fibres of the
nearoglia.

It is held by some that the neuroglia has a double origin, some of the cells
being developed from epiblast and others from mesoblast.
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LESSON XXIL.
MODES OF TERMINATION OF NERVE-FIBRES.

1. SHELL out a Pacinian corpusele from a piece of cat’s mesentery either fresh
or after having been kept for two or three days in 5% per cent. chromic acid.
Clear it as much as possible of adhering fat, but be careful not to prick
or otherwise injure tmurpuscle itself. Mount in water or saline with a
thick hair to prevent crushing with the cover-glass. Sketeh the corpuscle
under a low power, and afterwards draw under a high power the part of the
core where the nerve enters and the part where it terminates. Notice the
fibrous structure of the lamellar tunics of the corpuscle and the oval nuclel
belonging to flattened epithelioid cells which cover the tunics. The distinet
lines which when seen in the fresh corpuscles are generally taken for the
tunies, are really the optical sections of these flattened cells.

2. Mount in dilute glycerine sections of a rabbit’s cornea which has been
stained with chloride of gold by Klein’s method. Notice the arrangement in
plexuses of the darkly-stained nerve-fibres and fibrils, (1) in the connective-
tissue substance, (2) under the epithelium, and (3) between the epithelial
cells. Make one or two sketches showing the arrangement of the fibrils.

3. Spread out a small piece of muscle which has been stained with chloride
of gold by Lowit's method, or with hmatoxylin by Sihler's method, and
examine it with a low power to find the nerve-fibres erossing the muscular
fibres and distributed to them.

The pieces of muscle may advantageously be thinned out for observation
by pressure upon the cover-glass. Search thoroughly for the close terminal
ramifications (end-plates) of the axis-cylinders immediately within the sar-
colemma.

Modes of ending of sensory nerve-fibres.—Nerve fibres which are
distributed to sensory parts end either in special crgans or in free
terminal ramifications, these last being usually in epithelia. Within
the special organs the actual nerve-ending is also generally ramified.

Nerve-endings in special connective-tissue organs.—Three chief
kinds of these special organs are usually described, represented in
man by Pacinian corpuscles, tactile corpuscles, and end-bulbs. The type 1s
the same in all : a lamellated connective-tissue capsule enclosing a core
of a soft material which appears to be composed of nucleated proto-
plasm, within which the axis-cylinder ramifies and its branches ter-
minate. The variations which ocenr are chiefly due to the complexity
of the capsule, which is simplest in the end-bulbs and most complex in
the Pacinian corpuscles. In the tactile corpuscles and end-bulbs the
connective-tissue sheath of a medullated fibre expands to form a
bulbous enlargement, which is cylindrical or spheroidal in the end-
bulbs and ellipsoidal in the tactile corpuscles. 1In both kinds of
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nerve-fibre enters the corpuscle (which in the tactile corpuscle only
happens when it has reached the distal part of the corpuscle, after
having wound spirally once or twice round it) it loses its sheaths and
is prolonged as the axis-cylinder only ; this generally ramifies and its
branches terminate after either a straight or a convoluted course within
the organ, but it sometimes remains straight and unbranched (see figs.
165 to 169). Tactile corpuscles occur in some of the papille of the

F16. 167A.—EXD-BULBES FROM THE HUMAXN PERITONEUM. (Dogiel.) More highly
magnified. Methylene blue preparation.

a, medullated fibre ; b, nucleated lamellated capsule of end-bulb : r, non-medullated fibres,
probably destined for the capillarics which surround the end-bulbs.

Fig. 168. —END-BULE FROM THE CENTRAL TENDON OF THE DIAPHEAGM OF THE DOG,
(Dogiel.} Showing besides the main medullated fibre terminating by an
arborescence within the core, a second very fine medullated fibre, forming a
more delieate arborescence around the ending of the main fibve in the outer
part of the core. Methylene blue preparation,

skin of the hand and foot, in sections of which they will be afterwards
studied (see fig. 225). End-bulbs are found in the conjunctiva of the
eye, where in most animals they have a cylindrical or oblong shape,
but in man they are spheroidal (fiz. 166). They have also been found
in papille of the lips and tongue, in serous membranes, in tendons
and aponeuroses, and in the epineurium of the nerve-trunks; and
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somewhat similar sensory end-organs also occur in the integument
of the external genital organs of both sexes (fig. 169). Similar bodies
of larger size are also met with in the neighbourhood of the joints.
In the skin covering the bills of certain birds (e.g. duck), a simple form
of end-organ occurs, consisting of two or more cells arranged in rows
within a capsule, with the axis-eylinder terminating in flattened
expansions (facfile disks) between the cells (corpuseles of Grandry,
fig. 170).

The Pacinian corpuscles are larger, and have a more complex
structure, than the tactile corpuscles and end-bulbs (fig. 171). They

Fri. 170, —TACTILE CORPURCLES FROM THE
DUCK'S TONGUE. (lzquierdo.)

A, composed of three cells, with two inter-
poaed disks, into which the axis-cylinder of
the nerve, », is observed to pass ; in B thers
is but one tactile disk inclosed between two
tactile cells.

Fig. 169.—EXD-BULE FROM THE GLANS
PENIS SHOWING ENDING OF AXIS-CYLIN-
DEK. Methylene blue preparation.

(Dogiel. )
a,medullated nerve-fibre; b, sheath of end-bualb,

are composed of a number of concentric coats arranged like the layers
of an onion, and inclosing the prolonged end of a nerve-fibre. A single
medullated nerve-fibre goes to each Pacinian corpuscle, encircled by
a prolongation of perineurium (sheath of Henle), and within this by
endoneurium ; when it reaches the corpuscle, of which it appears
to form the stalk, the lamellee of the perineurium expand into the
tunics of the capsule. The nerve passes on, piercing the tunics, sur-
rounded by endoneurium, and still provided with medullary sheath, to
reach the central part of the corpuscle. Here the endoneurium is
prolonged to form a core of cylindrical shape, along the middle of
which the nerve-fibre, now deprived of its medullary and primitive
sheaths, passes in a straight course as a simple axis-cylinder (figs.
171, w'; 172, c.f) to terminate at the farther end of the core, either in
an arborisation or in a bulbous enlargement. In its course through
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the core it may give off lateral ramifications, which penetrate to all
parts of the core, and themselves end in fine branches.

F1g. 171. —MAGNIFIED VIEW OF A PACINIAN BODY FROM THE CAT'S MESENTEKY.
(Ranvier.)

n, stalk of corpuscle with nerve-fibre, inclosed in shenth of Henls, passing to the

corpuscle ; «', its continuation through the core, m, as axis-eylinder only; «, its

terminal arborisation ; e, d, sections epithelioid cells of tunics, often mistaken for

the tunics themselves ; J‘i: channel through the tunies which expands into the core of
the corpuscle,

The tunics of the capsule are composed of connective tissue, the
fibres of which for the most part run circularly. They are covered
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on both surfaces with a layer of Hattened epithelioid cells, and here and
there cleft-like lymph-spaces can be seen between them like those
between the layers of the perineurium (see p. 120).

Pacinian corpuscles oceur in many parts, e.g. in the deeper layers of
the skin of the hands and feet, in the periosteum of some bones, in the

Fic, 172 —PART OF PACINIAN BODY, SHOWING THE NERVE-FIBRKE ENTERING
THE CORE. FROM AN OSMI0 ACID PREPARATION,

ni#, entering nerve-fibre, the medullary sheath of which is stained darkly, and ends
abruptly at the core, ¢; ps, prolongation of primitive sheath or neurolemma
passing towards the outer part of the core ) o, Exiﬂ-ﬂ.ﬂindar"gﬂﬁng through
the eore as the central fibre ; ¢, some of the inner tunics of the corpuscle, en-
larged where they abut against the canal through which the nerve-fibre passes
—the dots within them are sections of the fibres of which they are composed ;
i, nuelet of the tunies ; #°, nuelei of the endoneurium-cells, continued by others
in the outer part of the cure.

neighbourhood of tendons and ligaments, in the connective tissue at the
back of the abdomen, and (in the eat) very numerously in the mesentery,
where they are most easily got for observation.

A simple form of Pacinian corpuscle with fewer tunies and a core formed
of regularly arranged cells oceurs in birds (corpuscles of Herbst).

Although most of the nerve endings in connective tissue structures are
inclosed within lamellated capsules, nerves are found to end in some
situations in the form of arborisations between the bundles of connective-
tissue fibres, This has been shown by Dogiel to oceur in intermusenlar
connective-tissue septa (fig. 174); and in serous membranes (fig. 175) ;

L
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in the latter such arborisations may be quite superficial and placed just
below the endothelium. _

Nerve-endings in tendons.—A special mode of nerve-ending is
met with in many tendons, near the points of attachment of the

Fig. 173.—BECTION OF PACINIAN CORPUSCLE. (Szymonowicz.)

¢, onie of the layers of epithelioid cells ; n, nucleus of epithelioid cell, It is seen that the
tunicg are very closely packed around the core, in the middle of which the axial-fibre
is seen cut across,

Fic. 174.—TERMINAL ARBORISATION FROM THE INTEREMUSCULAR CONNECTIVE
TISSUE OF THE RECTUS ABDOMINIS OF THE RBABEIT. METHYLENE BLUE
PREPARATION. (Dogiel.)

- muscular fibres. The tendon-bundles become here somewhat enlarged
K
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and split into a number of smaller fasciculi, and the nerve-fibres—one,
two, or even more in number—pass to the enlarged part, and penetra-
ting between the fasciculi of the tendon lose their medullary sheaths,
while the axis-cylinders end in a terminal arborisation, beset with

Fra, 175.—TERMINAL ARBORISATION FROM THE SUPERFICIAL LAYER OF THE
PERITONEUM OF THE RABBIT. METHYLENE BLUE PREPARATION. (Dogiel.)

o, medullated fibre ; &, fibre connecting the arborisation with another one
not here represented.

irregular varicosities. The structure is known as an ergan of Golgi (fig.
176). It is enclosed within a fibrous capsule continuous with the
areolar tissue between the bundles of the tendon; and between the
capsule and the organ proper is a lymph-space, similar to that which is
found in the muscle-spindle (see below).

Fro, 176, -—0ORGAN OF GOLGI FROM THE HUMAN TEXDO ACHILLIS. C(CHLORIDE
NF GOLD PREPARATION, (Chaceio.)

we, musenlar fibres ; , tendon-bundles ; &, Golgi's organ ; n, two nerve-fibres passing to it.

Nerve-endings in epithelia.— When sensory nerve-fibres terminate
in epithelinm, they generally branch once or twice in the subepithelial
connective tissue on nearing their termination. The sheaths of the
fibres then successively become lost, first the connective tissue or
perineural sheath, then the medullary sheath, and lastly the neuro-
lemma, the axis-cylinder being alone continued as a bundle of primitive
fibrils (fig. 177, n). This branches and with the ramifications of the
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axis-cylinders of neighbouring nerve-fibres' forms a primary plexus.
From the primary plexus smaller branches (#) come off, and these
form a secondary plexus (¢) nearer the surface, generally immediately

[

Fic. 177.—SUBEPITHELIAL PLEXUS OF THE CORNEA TREATED WITH CHLORIDE
oF coLD. (Ranvier.)
#, branch of primary plexus ; ¢, small branch passing to join the subepithelial plexus, e

under the epithelium if the ending is in a membrane covered by
that tissue. Finally, from the secondary plexus nerve-fibrils proceed

Fie. 178.—VERTICAL SECTION OF CORNEA STAINED WITH CHLORIDE OF GOLIW
(Ranvier.)

i, , primary plexus in connective tissue of cornea ; o, branch passing to subepithelial
et rgaﬂigug} & ; p, intra-epithelial plexus ; &, terminations of filrils.

and form a terminal ramification amongst the epithelium cels (fig.
178, p), the actual ending being generally in free varicose fibrils (b).
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The mode of ending in epithelinm is most characteristically seen in the
cornea of the eye. The nerve-fibrils may be brought distinetly into
view by staining with chloride of gold, and then the fibrillar structure
of the ramifications of the axis-cylinders also becomes very apparent.

In some situations the nerve-fibrils within a stratified epithelium
terminate in Hattened or crescentic expansions which lie in the inter-
stices of the deeper epithelinm cells to some of which they are applied.
These expansions are known as *“tactile disks”; they are character-
istically developed in the skin of the pig’s snout (fig. 179).

Sensory nerves of muscles.—The sensory nerves of muscles end in
peculiar organs which were termed by Kiihne muscle-spindles. Their
structure has recently specially been investigated by Ruffini, Huber, and
Dogiel ; and also by Sherrington, who has’shown that the large mednl-
lated nerves which they receive are derived from the posterior root-
ganglia, about three or four such fibres entering each spindle not far
from its equator.

The muscle-spindle is a fusiform body, from 075 to 4 mm. long,
and from 008 to G2 mm. in diameter; it lies parallel with the
general direction of the fibres of a musecle. It consists of a lamellated
connective-tissue sheath externally, within which is a bundle (intrafusal
bundle) of from two to twelve peculiar muscle-fibres. These form an
axial mass with some connective tissue and the nervefibres; between
this axial bundle and the sheath is a lymphatic periaxial space, bridged
across by filaments of connective tissue. The intrafusal muscle-fibres
are somewhat like embryonic fibres in appearance, being smaller than the-
other fibres of the muscle and having a relatively large number of nuclei
with surrounding protoplasm, as in the red variety of muscle (p. 99).
At the proximal end of the spindle they are usunally only two or three
in number, but they become cleft as they pass through it ; at the distal
end they usnally terminate in tendon-bundles. The nerve-fibres which
pass to the spindle are mostly of large size ; they divide after reaching
the intrafusal bundle, but retain their medullary sheath for a time,
although eventually terminating as axis-cylinders merely, which wind in
a spiral manner around the intrafusal musele fibres (figs. 180, 181), which
they clasp by flattened encircling branches (annulo-spiral endings). Other,
much finer, medullated fibres also pass to the spindie and terminate in
neighbouring parts of the intrafusal bundles in flower-like or plate-like
expansions (fig. 180). According to some observers these fine fibres are
prolonged from the annulo-spiral endings of the coarser fibres; but
Dogiel states that they may run independently to the intrafusal bundle.
No motor nerve-fibres appear to pass into the spindles, unless the fine
fibres above mentioned are to be so regarded, nor do the muscle-
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Fia. 180,

MUSCLE-SPINDLES.

{ Ranvier. )

applied,

INTRAFUSAL

Fig. 181.—Aw

MAGNIFIEID.
PARATION.

Fia. 179.

Fiz, 179. — ExDING Or NERVE 1IN
TACTILE DISKS 1% THE PIG'S S%0UT.

i, medullated fibre ; w, terminal disks
or menisci ; e, cells of the Malpighian
layer of the epidermis : «, a somewhat
modified cell to which a tactile dizk is

Fi1i. 180.—NERVE-ENDINGS UPON THE

MUSCLE-FIBRES OF A

iy MUSCLE-SPINDLE OF THE RABBIT ;
MODERATELY MAGKIFIED. METHY-
LENE BLUE PREPARATION. (Dogiel. )

i, large medullated fibre coming off from
i gpindle " nerve and passing to end in
an annulo-spiral termination on and
between the intrafusal fibres ; 4, a fine
medullated fibre coming off from the
same stem and dividing.  1ta branches,
¢, pass towards the enﬁn
fibres and terminate in a vumber of
amall localised arborisations.

of the musele

ANNULO-SPIRAL END-

ING OF INTRAFUSAL FIBRE ; HIGHLY

METHYLENE BLUE FRE-
(Dogiel. )

¥
L

Fia. 181.
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fibres undergo atrophy on section of the muscular nerve, as is the case
eventually with the ordinary muscle-fibres. 1t is not uncommon to
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Fig. 182, —NERVE-ENDING IN MUSCULAR FIBRE OF A LIZARD {Lmarh. viridis).
(Kiihne.)

A, end-plate secn ways ; B, from the surface ; 2, s, sareolemma ; p, p, expansion of
axis-cvlinder. In B th:a expansinu of the axis- Ej’]lhdﬂl:‘ Appears u*a I-':'.lvzm.t' network
branching from the divisions of the medullated fibres,

find two or three spindles close together or even inclosed in a common
sheath, Muscle-spindles are few in number in the eye-muscles, and
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Fi1a. 185.—MOTOR NERVE-ENDINGS IN THE ABDOMINAL MUSCLES OF A RAT.
GoLD PREPARATION. MAGNIFIED 170 DIAMETERS. (Szymenowicz. )

have not yet been found in the muscles of the tongue, but otherwise

their occurrence is general,
Ending of motor nerves.—The motor nerves to muscles terminate
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in ramifications, which in striated (voluntary) muscles are collected into
special organs termed mofor end-organs, or, less correctly, end-plafes,

In involuntary muscle, both plain and cardiac, the nerve-fibres,
which near their termination are entirely non-medullated, end in
plexuses. The primary plexuses are generally furnished with ganglion-
cells in abundance. From these plexuses and cells other nerve-fibres
pass which form secondary plexuses and terminal ramifications amongst
the contractile fibre-cells, to the surface of which the endings of the
branches, often slightly enlarged, are applied. Such gangliated plexuses
are best developed in connection with the intestine. In the heart the
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Fic, 184, —MoTOR END-ORGAN OF A LIZARD, GOLD PREPARATION. (Kiilme.)

i, nerve-fibre dividing as it approaches the end-organ ; +, ramification of axis-cylinder
upon, &, granular bed or sole of the end.organ ; m, clear substance surrounding
the mmitications of the axis-cylinder.

fibrils have been described as ending by minute localized ramifications
which are applied to the cells which constitute the cardiac fibres.

In voluntary muscle, the nerves, which are always medullated,
terminate in special motor end-organs. A medullated fibre will branch
two or three times before ending, and then each branch passes straight
to a muscular fibre. Having reached this, the neurolemma of the
nerve-fibre is continued into the sarcolemma of the muscle, the medul-
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LESSON XXIL
STRUCTURE OF THE LARGER BLOOD-VESSELS.

1. Secrioxs of a medium-sized peripheral artery and vein, e.g. popliteal or
radial. In this preparation the Iimits of the vaseular coats can be well seen
and also the differences which they present in the arteries and veins respec-
il:iﬁ'le]}'. The sections may be stained with hemalum and mounted in xylol
halsam.,

2. Mount in xylol balsam a thin slice ent from the inner smface of an
artery which, after having been cut open longitudinally and washed with
distilled water, has been rinsed with nitrate of silver solution and exposed to
the light in spirit. This preparation will show the outlines of the epi-
thelium cells which line the vessel.

3. A piece of an artery which has been macerated for some days in 33 per
cent. alcohol is to be teased so as to isolate some of the musenlar cells of the
middle coat and portions of the elastic layers (networks and fenestrated
membranes) of the inner and middle coats. The tissue may be stained
cautionsly with diluted hemalum, and glycerine afterwards added.  The
muscular cells are recognisable by their nrregular ontline and long rod-
shaped nuclei. Sketch one or two and also a piece of fenestrated membrane,
The fenestrated membrane is best obtained from one of the arteries of the
base of the brain.

4. Transverse sections of aorta and carotid. Notice the differences in
structure between these and the section of the smaller artery,

5. Transverse section of vena cava inferior. Notice the comparatively
thin layer of cireular muscle, and outside this the thick layer of longitudinal
muscnﬁa'.r bundles in the adventitia.

Make sketches from 1, 4, and 5 under a low power, from 2 and 3 under a
high power.

An artery is usually deseribed as being composed of three coats, an
inner or elastic, a middle or muscular, and an exfernal or areolar (fig.
185, b, ¢, d). It is, however, more correct to describe the wall of an
artery as being composed of muscular and elastic tissue lined inter-
nally by a pavement epithelium (endothelium) and strengthened
externally by a layer of connective tissue (advenfifia).

The inner coat (funica infima) is lined by a thin layer of parement
epithelium, the cells of which are somewhat elongated in the direction
of the axis of the vessel (fig. 186), and form a smooth lining to the
tube. After death they become easily detached.

The epithelium (or endothelium) is the essential layer in all blood-
vessels. It is always the first part to be developed, and in some it
remains as the only layer of the vessel. This is the case with all
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true capillaries and with certain veins, and also with the lacunar
spaces, which, as Minot has pointed out, take the place of capillaries
in certain parts (e.g. in the medulla of the suprarenal capsules and
in the marrow of bones); it is also true of the sinuses of erectile

Fic. 185.—TRANSVERSE SECTION OF PART OF THE WALL OF THE POSTERIOR
TIBIAL ARTERY. (75 diameters.)

e, epithelial and subepithelial layers of inner coat ; b, elastic layer (fenestrated mem-
rane) of inner coat, appearing as o bright line in section ; ¢, museular Iayer (middle
coat); o, onter coat, consisting of connective-tissue bundles, In the inte of
the bundles are some connective-tissue nuclel, and, especially near the museular
coat, a number of elastic fibres cut across,

Fic. 186, —EPITHELIAL LAYER LINING FiG. 187.—PORTION OF FENESTRATED
THE POSTERIOR TIBIAL ARTERY. MEMBRANE OF HENLE FROM AX
(250 diameters.) ARTERY. (Toldt.)

tissue, as well as the sinus-like blood-vessels which are met with in
most invertebrates. Only in two structures is the epithelial layer
imperfect, viz.: the capillaries and blood sinuses of the spleen, and
the placental mucous membrane of the pregnant uterus; in these
places the blood finds its way into the interstices of the connective
tissue of the organ.

il
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.r-'""-'-.-_
Fi16. 188, —ELASTIC XETWORK of FiG. 189.—MUSCULAR FIBRE-CELLS FROM
ARTERY. (Toldt.) SUPERIOR THYROID ARTERY. (340 din-
1 meters. )

adventilin

Fig. 190.—SECTION OF THE LINGUAL ARTERY. (Griinstein.)

@, epithelinm and subepithelial layer of inner coat; b, its elastic layer: ¢, ¢, o, inner-
most and outermost layers of middle coat, with elastic fibres passing obliguely to
join the elastic layers which bound that coat; ¢ ionermost part of outer coat or
adventitia, showing many elastic fibres cut acress ; f, outer part of adventitia,

Next to the epithelinm comes an elastic layer in the form either of
elastic networks (fig. 188) or of a fenestraled membrane (fig. 187). In
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some arteries there is a layer of fine connective tissue intervening
between the epithelinm and the fenestrated membrane (subepithelial
layer).

The middle coai (funica medin) consists mainly of cireularly disposed
plain muscular fibres, but it is also pervaded in most arteries by a
network of elastic fibres which are connected with the fenestrated
membrane of the inner coat and are sometimes almost as much
developed as the muscular tissue itself. This is especially the case
with the larger arteries, such as the carotid and its immediate
branches, but in the smaller arteries of the limbs the middle coat is
almost purely composed of muscular tissue. The muscular fibres are

|, R~ b P Tat L e Iy {‘{
Fio, 191 —3ECTION 0F THORACIC AORTA AS SEEN UNDER A LOW POWER. (Taldt.)

a, the inner coat consisting of three layers, viz. : 1. Epithelinm seen as a fine line.
2. Subepithelial lager. 3. Elastie layers. In the outer part of the inner coat, at its
junction with the middle, a layer of longitudinal musenlar fibres is ropresented as
cut acvoss, &, middle coat with its elastic membranes ; e, outer coat with two vasa
VASOIULL

comparatively short, with long rod-shaped nuclei, and are often
irregular in shape (as in fig. 189).

The oufer coat is formed of connective tissue with a good many
elastie fibres, especially next to the middle coat. The strength of an
artery depends largely upon this coat; it is far less easily cut or torn
than the other coats, and it serves to resist undue expansion of the
vessel. Its outer limit is not sharply marked, for it tends to blend
with the surrounding connective tissue; hence it has been termed
tinica adventitia,

~ Variations in structure.—The aorta (figs. 191, 192) differs in some respects
in structure from an ovdinary artery. Its inner coat contains a considerable
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thickness of subepithelial connective tissue, but the elastic layers of this
coat are chiefly composed of fine fibres, and are not especially marked off

in Lim-:aﬁ

advenlitind —

FiG. 192, —SECTION OF AORTA MORE MAGNIFIED. (Griinstein.)

thelial and subepithelial lasers of inner coat: b, ¢, outer layers of inner coat con-
LI talum many ﬁng clastic fibres ; o ¢, p,mta. of outer eoat.

from those of the middle coat, so that the inner and middle coats appear
blended with one another. On the other hand, there is a very great develop-
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ment of elastic tissue in the middle coat, forming membranous layers which
alternate with layers of the muscular tissue. A good deal of connective
tissue also takes part in the formation of the middle coat, making this coat
unusually strong. The inner and middle coats constitute almost the entire
thickness of the wall, the outer coat being relatively thin.

The other variations which occur in the arterial system chiefly have refer-
ence to the development and arrangement of the museular tissue. Thus in
many of the larger arteries there are longitudinal muscular fibres at the
imner boundary of the middle coat, and in some arteries amongst the circular
fibres of the middle coat. This is the case in the aorta. In some parts of
the nmbilical arteries there is a complete layer of longitudinal fibres internal
to the cireular fibres and another external to them, whilst the amount of
clastic tissue is very small. Longitudinal fibres are also present in some
other arteries (iliac, superior mesenteric, splenie, renal, ete.), external to the
cireular fibres, and therefore in the outer coat of the artery.

i b
Gl T LT

Fra, 195 —TRAKSVERSE SECTION OF PART OF THE WALL OF ONE OF THE
POSTERIOR TIRIAL VEINS (MAN).

e, epithelinl, and &, subepithelial layers of inner coat; ¢, middle cont consisting of
irregular layers of muscular tissue, alternating with connective tissue, and passing
somewhat gradually into the outer connective tissue and elastic coat, o,

The veins (figz. 193) on the whole resemble the arteries in structure,
but they present certain differences. In the infernal coat the same
layers may be present, but the elastic tissue is less developed and
seldom takes the form of a complete membrane. The epithelium-cells
are less elongated than those of the arteries. The middle coal (¢)
contains less elastic tissue and also much less muscular tissue, being
partly occupied by bundles of white connective-tissue fibres. These
are continuous with those of the external coat, which is relatively
better developed in the veins than in the arteries, so that, although
thinner, their walls are often stronger.

Many of the veins are provided with walves, which are semilunar
folds of the internal coat strengthened by a little fibrous tissue:
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a few muscular fibres may be found in the valve near its attachment.
The layer of the inner coat is rather thicker and the epithelium-cells
are more elongated on the side which is subject to friction from the
current. of blood than on that which is turned towards the wall of the
vessel.

Variations in different veins.—

The veins vary in structure more than
«lo the arteries. In many veinsz longi-
tudinal muscular fibres are found in
the inner part of the middle coat, as
in the iliac, femoral, umbilical ; in
others they occur external to the eir-
cularly disposed fibres, and may be
deﬂcri:i_)ed as belonging to the outer
coat. This is the case with the inferior
vena cava (fig. 194), and also with the
hepatic veins and the portal vein and
its tributaries. In the superior vena
cava and in the upper part of the
inferior vena cava the circular fibres
of the middle coat are almost entirvely
absent. The veins of the following
parts have no muscular tissue, viz
pia mater, brain and spinal cord, re-
tina, bones, and the venous sinuses
of the dura mater and placenta.

It is only the larger veing, and
especially those of the limbs, that
possess valves. They are wanting in
most of the veins of the viscera
(although occurring abundantly in 5 |
some ﬂ? the tributaries of the portal ;
vein), in those within the cranium and g T mre _
vertebral canal, in the veins of the iy Siap -
bones, and in the nmbilical vein. ;

Vessels and nerves of the blood- Fig. 194.—TrANSVERSE SECTION OF THE
vessels.—The larger arteries and INFERIOR VENA CAVA OF THE DOG.
veins possess blood-vessels (vase vas- (Szymonowicz.)  (Magnified 150 dia-
ﬂl"‘ﬂi‘iﬂ-} and !.j-'l.llp]'lﬂ.-tiﬂﬁ, both of which :“:!t::*lf thin layer of circular muscle ; ¢
ramify chiefly in the external coat. r:rt‘::iuk S yanrte {\'ith l:-ngl:tmlmulmusm{]:u’-
Nerves are distributed to the mus- bundles: o, & vas vasis.
cular tissue of the middle coat, after
forming a plexus in the outer coat. Most of the nerves are non-inedul-
lated. But there are a certain number of medullated fibres intermingled
with the non-medullated and passing to end partly in the adventitia partly
in the intima. These medullated fibres are doubtless afferent ; the majority
of the non-medullated are probably efferent (vaso-motors). In the aorta
of man and in some of the larger trunks Pacinian corpuscles are here and
there met with.
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LESSON XXIII

SMALLER BLOOD-VESSELS. MICROSCOPIC STUDY OF THE
CIRCULATION ; DEVELOPMENT OF BLOOD-VESSELS.

I. TAKE a piece of pia mater which has been fixed with 2 per cent. bichromate
of potash and stained with heematoxylin, and separate from it some of the
small blood-vessels of which it is chiefly composed. Mouont the shreds in
dilute glycerine, or after dehydrating with aleohol and passing through clove
oil they ecan be mounted in xylol balsam. The structure of the small
arteries can be studied in this preparation, the nuclei of the epitheliom and
of the muscular coat being brought distinctly into view by the stain. The
veins of the pia mater possess no muscular tissue. Capillary vessels which
have been dragged out }’rmn the brain in removing the pia mater may also
be seen in this preparation. Sketch two small arteries of different sizes,
civing also their measurements.

2. Mount in xylol balsam a piece of the omentum of the rabbit, stained
with silver nitrate. The membrane should be stretched over a cork or a ring
of glass or vuleanite, rinsed with distilled water, treated for five minutes
with 075 per cent. nitrate of silver solution, again washed and exposed to
sunlight in spirit. When stained brown, the preparation is removed from
the light and placed in oil of cloves. Pieces may now be cut-off from the
membrane and mounted, as directed, in balsam ; they should include one or
more blood-vessels,

This |-rﬂmmt{on is intended to show the epithelium of the smaller blood-
vessels and accompanying lymphaties, and also the e]pitheiium of the serous
membrane,  Sketch a small piece showing the epithelium of the vessels.

3. Kill a froz by destroving the brain and study the circulation of the
blood in the mesentery. It can also be studied in the web of the frog’s foot,
and in the tongue of the frog or toad, or in the tail of the tadpole or of any
small fish. But for observing the phenomena attending commencing inflam-
mation and the emigration of leucocytes from the vessels, the mesentery is
the most convenient objeet. The frog can be immobilised with curari or
by placing it in water in which chloroform or ether has been shaken up: a
lateral incision is made in the abdominal wall, a loop of intestine drawn ont,
and laid over a ring of cork which is fixed to a glass plate and covered with a

thin piece of f_;lﬂ.az:s.H The membrane must be kept wet with salt solution.!

The coats of the small arteries and veins are much simpler in
structure than those of the larger vessels, but they contain at first all
the same elements, Thus there is a lining epithelinm (endothelium)
and an elastic layer forming an inner coof, a middle coaf of circularly
disposed plain muscular tissue, and a thin adventitia. The same

1 For details of the methods of studying the circulation and of injecting the
hlood.vessels, see A Conrse of Practical Histology.

-
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differences also are found between the arteries and veins, the walls
of the veins being thinner and containing far less muscular tissue
e A b ed a b B b
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Fra, 195.—SMALL ARTERY, 4, WITH CORRESPONDING VEIN, B, TREATED WITH
ACETIC ACIn. (Killiker.) (Magnified 350 diameters.)
a, external coat with elongated nuclei ; & nuclei of the transverse muscular tissue of the
middle coat (when seen endwise, as at the sides of the vesscol, their outline is
circular) ; g, nueclei of the epithelinm-cells ; o, elastic laver of the inner coat.

FiG. 196.—TRANSVERSE SECTION OF A SMALL ARTERY AND VEIN.
{Magnified 250 diameters.)

(fig. 195), and the lining epithelium-cells, much elongated in both
vessels, are far longer and narrower in the small arteries than in the

corresponding veins (fig. 197).
L
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Even in the smallest vessels, which are not capillaries, the differences
between arteries and veins are still manifested. These differences may
be enumerated as follows :—The veins are larger than the correspond-
ing arteries; they branch at less acute
angles; their muscular cells are fewer,
and their epithelinm-cells less elongated ;
the elastic layer of the inner coat is
always less marked, and sooner dis-
appears as the vessels become smaller.

Capillary vessels. — When traced to
their smallest branches the arteries and
veins eventually are seen to be continued
into a network of the smallest blood-
vessels or capillaries. The walls of these
are composed only of flattened epithelium-
cells (fig. 198) continuous with those that
line the arteries and veins; these cells
can be exhibited by staining a tissue with Frc. 198 — CAPILLARY VESSELS

4 4 ¥ - FROM THE BLADDER OF THE AT,
nitrate of silver. The capillaries vary MAGNIFIED.
somewhat in size and in the closeness of The outhines o the cclie aww stained
their meshes; their arrangement in dif-
ferent parts, which is mainly determined by the disposition of the
tissue elements, may best be studied in injected preparations, and
will be described when the structure of the several organs is considered.

In the transparent parts of animals, the blood may be seen
flowing through the capillary
network from the arteries into
the veins. The current is very
rapid in the small arteries, some-
what less so in the veins, and
comparatively slow in the capil-

Fic. 199. — Broon rrowixe tHrRoueH A laries. The current is fastest
AMALL VEIN OF THE FROG'S MESENTERY. 5 :
The mesentery had been exposed for a short time, in the centre of the \'ESSEL

g0 that there was commencing inflammation ¥ ar th wall inert
and many of the white corpuseles are observed slowest nea = 2 { &

sticking to and even passing through the vas- ]H._‘,’E!‘}, and with care it may
cular wall, e, central rapid layer containing ;
the coloured corpuseles ; b, outer slower layer  he Gbs&r\rﬂi_l_e_stjetr‘]““}; where
(inert layer) containing the white corpuscles, _ : :
there is a commencing inflam-
mation of the part, as in the mesentery in consequence of exposure
—that the white blood-corpuscles, which always tend to pass into
the inert layer, and to adhere occasionally to the inner surface of
the blood-vessels, here and there pass through the coats of the

small vessels, and appear as migratory cells in the surrounding
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connective tissue (fig. 199). The blood-platelets are also seen in the
inert layer, and they also show a tendency to adhere to the wall and
to one another in commencing inflammation.

Development of the blood-vessels.—The blood-vessels are developed
in the connective tissue or in the mesoblastic tissne which precedes it,
the first vessels being formed in the vascular area which surrounds the
early embryo. Their development may be studied in the mesoblast
of the chick or mammal, in the omentum of the new-born rabbit, or in
the serous membranes and subeutaneous connective tissue of feetal
animals. They are developed from cells (vaso-formative cells or angio-
blasts) which become hollowed out by an accumulation of fluid in their
protoplasm (Klein), and in the ecase of developing blood-vessels
coloured blood-corpuscles may also be formed within these cells (see

Fra. 200.—Is0LATED CAPILLARY XETWORE FORMED EY THE JUNCOTION OF
SEVERAL HOLLOWED-OUT CELLS, AND CONTAINING COLOURED BLOOD-
CORPUSCLES IN A CLEAR FLUID,

¢, & hollow eell the eavity of which does not yet communicate with the network ; p, p,
pointed cell-processes, extending in different divections for union with nﬂlgﬁ
bonring ecapillaries.

Development of Blood-corpuscles, Lesson II.). The eells branch and
unite with one another to form a network, and their cavities extend
into the branches. In the meantime their nuclei multiply and become
distributed along the branches, cell-areas being subsequently marked
out around them. In this way intercommunicating vessels—eapillaries
containing blood—are produced (fiz. 200). These presently become
connected with previously formed vessels, which extend themselves
by sending out sprouts, at first solid, and afterwards hollowed-out.
Even the larger blood-vessels appear first to be developed in the same
way as the capillaries, in so far that the epithelium is first formed and
the museular and other tissues are subsequently added ; but whether
they are formed as clefts in the mesoblastic tissue, which become
bounded by flattened cells, or whether as hollowed-out cells, which
join to form a continuous tube, has not been definitely ascertained.
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LESSON XXIV.
LYMPHATIC VESSELS; SEROUS MEMBRANES.

1. Mousr in balsam a piece of the central tendon of the rabbit’s diaphragm
which has been prepared with silver nitrate (see Lesson XXIIL, § 2), the
FIEIH'RI surface having been first brushed to remove the superficial epithe-
ium so as to enable the nitrate of silver more readily to penetrate to the
network of underlying lymphatic vessels. Observe the lymphatic plexus
under a low power ; sketch a portion of the network. If the peritoneal
surface is focussed, the epithelinm which covers that surface wih be seen,
and opposite the clefts between the radially disposed tendon-bundles
stomata may be looked for in this epithelinm.

2. Btudy the lymphatics and the serons epithelium which are shown in
preparation 2, Lesson XXIIL.

3. Prepare sections of the thoracic duct. These may be made in the same
way as sections of the blood-vessels (see Lesson XXTI1.).

4. Open the abdomen of a freshly killed frog, preferably a male, and
remove the abdominal viscera, taking care not to injure the membrane or
septum at the back of the abdomen, which lies over and between the kidneys
and separates the peritoneal cavity from the cisterna lymphatica magna, a
large lymphatic slman.'pe in which the aorta and vena cava are contained. Cut
out the kidneys along with as much as possible of the above septum ; rinse
with distilled water ; and place in a watch-glass of 075 per cent. silver
nitrate for 5 minutes. Rinse again in distilled water an:E expose in tap
water to the light. When slightly browned snip off a portion of the mem-
branous septum, float it flat on a slide, drain off the superfluous water and
allow it to dry : then add a drop of xylol balsam and cover the preparation.

To the lymphatic system belong not only the lymphatic vessels and
lymphatic glands, but also the cavifies of the serous membranes, which are
moistened with lymph and are in open communication with lymphatic
vessels which run in their parietes.

The larger lymphatic vessels somewhat resemble the veins in struc-
tare, except that their coats are much thinner and their valves much
more numerous. In lymphaties of somewhat smaller size, the wall of
the vessel is formed, first, by a lining of pavement-epithelium cells
(lymphatic endothelium), which are elongated in the direction of the
axis of the vessel ; and, secondly, by a layer of circularly and obliquely
disposed muscular fibres. In the smallest vessels (so-called lymphatic
capillaries, which, however, are generally considerably larger than the
blood-capillaries), there is nothing but the epithelium remaining, and
the cells of this are frequently not more elongated in one direction
than in another, but have a characteristic wavy outline (fig. 201).
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The lymphatics receive numerous nerve-fibres, which are non-
medullated, and end in a ramification of the finest fibrils, which are
distributed to the coats of the vessel (fig. 202).

Fic. 203.—LYMPHATIC PLEXUS OF CENTRAL TENDOXN OF DIAPHRAGM OF RABBIT,
PLEURAL SIDE. (Klein. )

a, larger vessels with lanceolate cells and numerous valves ; b, e, lymphatic capillaries
with wavy-bordered cells.

Lymphaties begin either in the form of plexuses, as in membranes
1z, 2 » of lacunar inferstices, as in s " the viscera.
fie. 203), or of I terst as in some of tl ]

In order to show the structure of lymphatic vessels, it is usunal to



168 THE ESSENTIALS OF HISTOLOGY.

stain a tissue with nitrate of silver ; but they may easily be injected
by sticking the nozzle of an injecting cannula into any tissue which
contains them, and forcing coloured fluid under gentle pressure into
the interstices of the tissue.

In silver preparations it may be observed that the lymphatics
always appear in the form of clear channels in the stained ground-
substance of the connective tissue, and that their walls are in close
connection with the cells and cell-spaces of that tissue (fig. 201). Baut,

Fic. 204. —EPITHELIUM OF A SEROUS MEMBRAXE. OMENTUM OF THE RABBIT.
NITRATE OF 2ILVER FREPARATION. (Highly magnified.)

except in the case of the serons membranes, there is no open com-
munication between the lymphatic vessels and the interstices of the
connective tissue. The lymphatic vessels are developed from hollowed-
out cells in the =ame manner as the blood-vessels (Klein).

SEROUS MEMBRANES,

The serous membranes, which may be conveniently studied in con-
nection with the Ilymphatic system, are delicate membranes of
connective tissue which surround and line the internal eavities of
the body, and are reflected over many of the thoracic and abdominal
viscera ; in passing to which they form folds (such as the mesentery),
within which blood-vessels, lymphatics, and nerves are conducted to
the viscera.

The inner surface is lined by a continuous layer of pavement-
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epithelivmn (endothelium) (fig. 204), which is very distinet in nitrate
of silver preparations. In some places there are apertures in the
epithelium which lead directly into subjacent lymphatic vessels,
These apertures are called slomata, and are surrounded by small proto-
plasmie cells (fig. 205, s, s). They are numerous upon the peritoneal
surface of the diaphragm, but are present in most serous membranes.
They are nowhere better studied or more easily seen than in the
peritoneal membrane at the back of the abdominal cavity in the
frog. This membrane lies between and at the sides of the kidneys,

';j,t,\ -f
SawIied g :
I N BN

Fig., 205. —SMALL PORTION OF PERITONEAL SURFACE OF DIAPHRAGM OF RABEIT,
STAINED WITH NITEATE OF SILVER TO SHOW THE SEROUS EPITHELIUM.
(Klein. )

[, lymph-channel below the surface, lying between tendon bundles, ¢, ¢, and over which
the sarface-cells are seen to be relatively smaller, and to exhibit five stomata, =, s,
leading into the Iymphatic. The epithelivm of the lymphatic channel is not
represented.

and serves to separate the peritoneal cavity from the large lymphatic
space just behind it. If the membrane is prepared by the nitrate of
silver method the stomata and the cells which surround them on either
side of the membrane are well shown.

The pavement-epithelinm of the serous membrane rests upon a
homogeneous basement-membrane, which is especially well marked
in the serous membranes of man. The rest of the thickness of the
membrane is composed of connective tissue, with a network of fine
elastic fibres near the inner surface.

The cavities of the serous membranes are originally formed in the
embryo as a cleft in the mesoderm (pleuro-peritoneal split, ceelom)
which becomes lined with epithelium, and its wall eventually becomes
differentiated into the serous membrane.
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LESSON XXV,
LYMPHATIC GLANDS, TONSIL, THYMUS.

1. Sections of a lymphatic gland which has been hardened either in formol
or potassium bichromate, or in chromic or picric acid followed by aleohol,
stained in bulk with magenta, carmalum or picrocarmine, and embedded in
paraffin.  Or the sections may be stained with hematoxylin and eosin.
Notice (1) the fibrous and muscular capsule, with trabecul® extending
inwards from it through the cortex and anastomosing with one another in
the medulla, (2) the dense lymphoid tissue (adenoid tissue of some authors)
forming large masses in the cortex (cortical nodules) and rounded cords in
the medulla (medullary cords). Notice also the clearer channel or lymph-
sinus which everywhere intervenes between the fibrous tissue and the
lymphoid tissue. Observe the fine fibres and branched cells which bridge
across this channel.

Make a general sketch under a low power of a portion of the cortex
together with the adjoining part of the medulla, and under a high power
drawings of small portions of cortex and medulla,

The retiform tissue of the lymphatic glands has already been studied
(Lesson IX.).

2. In sections of tonsil prepared similarly to those of the lymphatic gland,
notice the large amount of lymphoid tissue only imPerfect{}r collected into
nodules. Observe also that the stratified epithelium, which covers the
mucous membrane here as elsewhere in the mouth, is infiltrated with lymph-
corpuscles. Here and there pit-like recesses may be met with, with mucus-
secreting glands opening into the pits.

3. A similar preparation of the thymus gland of an infant or young animal.
Notice that the masses of lymphoid tissne which form the l{}hulaﬁ of the
gland are separated by septa of connective tissue, and that they show a
distinetion into two parts, cortical and medullary. Observe the differences
of structure of these two parts, and especially notice the concentric cor-
puscles in the medullary part.

Make a sketch of one of the lobules under a low power and of a small
part of the medulla under a high power, including one or two concentric
corpuscles. Measure the latter.

LymrHATIC GLANDS.

Structure of a lymphatic gland.—A lymphatic gland is composed
of a framework of fibvous and plain muscular tissue, which incloses and
supports the proper glandular substance, but is everywhere separated
from it by a narrow channel, bridged across by cells and fibres, which
is known as the lymph-channel. The framework consists of an envelope
or capsule (fig. 206, ¢), and of trabeculm (fr), which pass at intervals
inwards from the capsule, and after traversing the cortex of the gland,
divide and reunite with one another so as to form a network of fibrous
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bands. At one part of the gland there is usually a depression (hilum),
and at the bottom of this the medulla comes to the surface and its
fibrous bands are directly continuous with the capsule.

The proper glandular substence (Lh.) is composed of lymphoid tissue,
i.e. a fine reticulum with the meshes thickly occupied by lymph-
corpuscles. It occupies all the interstices of the gland, forming com-

Fi6. 206.—DIAGRAMMATIC SECTION OF LYMPHATIC GLAND. (Sharpey.)

a.l. afferent, e.f. cfferent lymphatics; ©, cortieal substance ; M, reticulating cords of
medullary substance ; Lk lymphoid tissue ; e lympl-sinus ; ¢, Sbrous coat sending
trabeculse, tr, into the substance of the gland,

paratively large rounded masses in the cortex (lymphoid nodules, C),
between the trabecule, and smaller reticulating cord-like masses
(lymphoid cords, M) in the medulla.

The cells which bridge across the lymph-channel in the medulla
(fig. 207, ¢) are branching nucleated cells which often contain pigment,
so that this part of the gland has a dark colour. The lymph-channel
is bridged across not only by these cells, but also by fibres derived
from the capsule and trabecul®, which pass to the lymphoid tissue
and become lost in its reticulum. But the fibres are often covered and
concealed by the branched cells.

Lymphatic vessels (fig. 206, a.l.) enter the lymph-channels after
ramifying in the capsule, and the lymph is conveyed slowly along
the channels of the cortical and medullary part towards the hilum,
taking up many lymph-corpuscles in its passage. At the hilum it
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is gathered up by an efferent vessel or vessels (e.l.) taking origin in
the lymph-sinuses of the medulla.

The efferent lymphatics always contain many more lymph-corpuscles
than those which enter the gland, for lymph-corpuscles are constantly
being formed by indirect division of the pre-existing cells in the
elandular substance, and especially in the centre of each cortical nodule
{germ-centre of Flemming), and gradunally find their way into the
lymph-channel.

Fic. 207, —SECTION OF THE MEDULLARY SUBSTANCE OF A LYMPHATIO GLAND,
(300 diameters.) (Recklinghausen.)

i, o, @, lymphoid cords; e, lymph-sinus ; &, &, trabesule; o, d, capillary blood-vessels.

An artery passes into each gland at the hilum; its branches are
conveyed at first along the fibrous cords, but soon pass into the
lymphoid tissue, where they break up into capillaries (fig. 207, d).
The blood is returned by small veins, which are conducted along
the fibrous trabecule to the hilum again.

In some lymphatic glands the fibrous trabecule are very slightly devel-
oped, so that the gland seems in section to be an almost uniform mass of
lymphoid tissue. This is the case with most, if not all, of the lymphatic
vlands of some animals. In others, on the other hand, the trabeculs are

very well developed and contain much muscular tissue,
Nerve fibres pass to lymphatic glands and appear to be distributed chiefly
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as non-medullated fibres to the plain muscular tissue of the blood-vessels
and trabeculze.

H=zmal lymphatic glands.—In many animals a certain number of
lymphatic glands are observable which have a red colour. Some of these
on section show that what corresponds to the lymph-channel in ordinary
lymphatic glands is in them occupied by blood. Others have the greater
part of the interior occupied by large sinnses filled with blood ; in addition
to which there are a number of cords of lymphoid tissne. The names femal
glands and kemolymph glands have been given to these peculiar lymphatic

Firo. 208.—A sSMALL PORTION OF THE MEDULLA OF A LYMPHATIC GLAND OF
THE DOG SHOWING THE CONNECTION OF THE RETICULUM WITH THE FIEROUS
TRABECULE,

Slmldﬂ, and it has been conjectured that they are connected with the pro-
uetion of blood-corpuscles, but we possess as yet no exact information as to
the manner in which the blood passes into the sinuses, nor what relation the

lymphatic vessels bear to them. Like the spleen the hwemal glands show

cells ngha.gu{:ytea 1) which contain red blood corpuscles in various stages of
transformation into pigment.

THE ToNSILS.

The tonsils are two masses of lymphoid tissue placed one on each
side of the pharynx, into which they project. They are covered on
the free surface with the stratified epithelinm of the mucous membrane,
and this surface is pitted with apertures which lead into recesses or
erypts in the substance of the organ (figz. 209). These recesses are all
lined by a prolongation of the stratified epithelium, and into them
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the ducts of numerous small mucous glands open. The tonsils are
composed almost entirely of lymphoid tissue, which, besides being
diffused over the whole organ, is at intervals aggregated into small
nodules, in which the lymph-cells are more closely arranged than
elsewhere. In these nodules active multiplication of the lymph-cells
by mitosis is constantly proceeding. This is, in fact, the canse of

the formation of nodules in the tissue, as in most other organs in

which lymphoid tissue oceurs. On this account the nodules have
been termed germ-centres. Even the epithelinm which covers the

F16. 209.—SECTION THROUGH ONE OF THE CRYPTS OF THE TONSIL. (Stohr.)

¢, #, stratified epithelium of surface of mueous mcmhrmnn, continued into crypt; g
follicles or nodules of the lephmd tissue, which is elsewhere diffuse; opposi
ench nodule numbers of 1y i-gells aré passing through the eﬂlﬂ]ﬂ]ium, £, INASSREE
of cells which have thus esmped from t.]:m m'g[m to mix with the saliva as salivary
corpuscles,

tonsils is infiltrated with lymph-corpuscles (Stihr), and these may also
wander out on to the free surface, and become mingled with the
saliva as salivary corpuscles (see Lesson VI, § 1).

The mucous membrane of the neighbouring part of the pharynx and
of the back of the tongue is similar in structure to the tonsils. '

TaYMUS.

The thymus gland is a lymphoid organ which is found only in the
embryo and during infaney. It is composed of a number of lobules

s eiliae i

.




THYMUS GLAND. 175

(fig. 210) varying in size, which are separated from one another by
septa of connective tissue, along which the blood-vessels and lymphatics
pass to and from the lobules. Each lobule shows plainly, when ex-
amined with a low power, a distinction into an outer cortical and an
inner medullary portion. The cortical part of the lobule is imperfectly
divided into nodules by trabecule of connective tissue, and is very
similar in structure to the lymphoid tissue of the lymphatic glands and
tonsils, with which it also agrees in exhibiting numerous indications of
indirect cell-division ; but the medulla is more open in its texture, and the
reticulum is covered by larger, more transparent, flattened cells, and con-

Fic. 210. —A LOBULE OF THE THYMUS OF A CHILD, AS SEEN UNDER A LOW POWER.
¢, cortex ; ¢, concentrie corpuscles within medulla ; b, blood-vessels ; Ir, trabecula

tains fewer lymph-corpuseles. Moreover, there are found in the medulla
peculiar concentrically striated bodies (the concentric corpuscles of Hassal,
figs. 210, 211), which are “nests” of flattened epithelial cells arranged
concentrically around one or more central cells.  Sometimes these cor-
puscles are compound, two or three being grouped together and similarly
inclosed by flattened cells. They appear to represent the remains of an
epithelial tube, which forms the thymus rudiment of the early embryo
and is derived from certain of the branchial clefts. Around this tube
the lymphoid tissue of the organ becomes formed ; indeed, according to
the observations of J. Beard in elasmobranchs (which have been con-
firmed by Nussbaum and Prymak in teleosts) the thymus is the original
seat of appearance of leucocytes in the embryo; none being apparent
until this organ begins to develop. The leucocytes are said, by Beard,
to be produced by proliferation from some of the hypoblast cells of the
thymus rudiment, and they are believed to pass from this organ to
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other parts, where they are eventually found collected into masses of
lymphoid tissue.

Nucleated red blood corpuscles (erythroblasts), similar to those found
in red marrow, have also been described in the thymus, which is there-
fore probably a blood-forming organ.

The lymphoid tissue is abundantly supplied with capillary blood-
vessels, and large lymphatic vessels issue from the thymus, but in what
way they are conneeted with the lobules has not been ascertained.

OTHER LYMPHOID STRUCTURES.

Lymphoid tissue occurs in many other parts of the body in addition to the
Ivmphatic glands, tonsils, and thymus gland, although it may not, as in these
structures, constitute the bulk of the organ. Thus it is found in many
mucous membranes, such as those of the intestine and of the respiratory
tract, both in a diffuse form and also collected
into nodular masses which are like the cortical
nodules of a lymphatic gland, and may, like
those, be partially surrounded by a lymph-sinus.
In the intestine such nodules constitute the so-
called solitary glands and Peyer's patches. In
the spleen a large amount of lymphoid tissue
is found ensheathing the smaller arteries, and
also expanded into nodular masses (Malpighian
corpuscles of the spleen). In these organs
it will be studied subsequently. Lymphoid
tissue also occurs in considerable amount in the
Fi6. 211.—ELEMENTS oF THE  serous membranes, especially in young animals ;

THYMUS. (300 diameters.) in the adult it 1s here replaced by adipose

(Cadiat. ) tissue,
¢, lymph-corpuscles; b, con- — T il t1 1
s o Development.—Lymphoid tissue is generally

developed in connection with lymphatic vessels
(Klein), an accumulation of retiform tissue and 1 mph-ce{ls taking place
either external to and around the lymphatic (perdlymphatic formation) ; or
the lymphatic is dilated into a sinus and the formation of lymphoid tissue
occurs within it (endolymphatic formation).

ol o
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LESSON XXVL

STRUCTURE OF THE SPLEEN, SUPRARENAL CAPSULE, AND
THYROID BODY.

1. Secrions of the spleen hardened in Miiller’s fluid and stained with hsema-
toxylin and eosin. %u;icu the trabeculs extending into the substance of the
organ from the capsule. Notice also that the glandular substance is of two
kinds, (1) lvmphoid tissue accumulated around the small arteries and here
and there massed to form lymphoid nodules—the Malpighian corpuscles of
the spleen—and (2) a tissue consisting of a reticulum of fibrils, partly
covered with branched cells : .this tissue contains blood in its interstices,

Sketch part of a section under a low power and a small portion of the pulp
under a high power.

2. Sections across a suprarenal eapsale hardened in Miiller’s fluid.  Notice
the deep brown staining of the medulla. Examine first with a low power,
noticing the general arrangement and extent of the cortical and medullary
parts of the organ, and making a general sketch which shall include both.
Afterwards sketch carefully under the high power a group of cells from each
part of the organ.

3. Sections of the thyroid body stained with hematoxylin, Notice the
vesicles lined with cubical epithelium and filled with a “colloid” substance
which becomes stained with hematoxylin. Bketech one or two vesicles.
Measure several vesicles.

4, Inje{‘.ted preparations of the suprarenal and Hl}'l‘{}id may also be
studied : the spleen is usually naturally injected with blood.

THE SPLEEN.

The spleen is the largest of the so-called ductless glands. It appears
to be functionally connected with the blood, white blood corpuscles
being certainly formed and coloured blood-corpuscles being submitted
to destruction within it.

Like the lymphatic glands, the spleen is invested with a fibrous and
muscular capsule (fig. 212), which is however stronger and has far
more plain muscular tissue; outside the capsule 1s a covering derived
from the serous membrane. The capsule sends bands of trabecula
into the organ, and these join with a network of similar trabeculw
which pass into the gland at the hilum along with the blood-vessels.
In the interstices of the framework thus constituted lies a soft pulpy
substance containing a large amount of blood, and therefore of a deep
red colour, dotted within which are here and there to be seen small
round bodies, whiter than the pulp in the fresh organ but darker

in stained sections, the Malpighian corpuscles of the spleen. These
M
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are composed of lymphoid tissue which is gathered up into masses
which envelop the smaller arteries, whilst the red pulp which every-
where surrounds them and which forms the bulk of the organ is
composed of a close network of retiform tissue fibrils, partly covered
by flattened and branched cells. Passing into the pulp and com-

Fiz. 212, —VERTICAL SECTION OF A PORTION OF THE MONAEY'S SPLEEN, AS
SEEN WITH A TJ.?W MOYWER.
municating with its interstices are capillary blood-vessels which are
connected with the terminations of the arteries; whilst in other
parts venous channels, characterised in the human spleen by an
encirclement of elastic fibres, course through the pnlp, and bring
the blood which has passed into its interstices from the arterial
capillaries towards the larger veins of the organ, which run in the
trabeculs, and are by them conducted to the hilum. The arteries,
which are also at first conducted from the hilum along the trabeculse
into the interior of the organ, presently leave the trabeculs, and their
external coat becomes converted into a thick sheath of lymphoid tissne
which invests them in the remainder of their course, and in places
becomes swollen into the Malpighian corpuscles already mentioned.

wl
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The small arteries distribute a few capillaries to the Malpighian
corpuseles, and then break up into pencils of capillary vessels which
open into the interstices of the pulp.

The special cellular elements of the spleen-pulp are of three kinds, viz.
(1) peculiar, large, amaboid cells, called splenic cells, (2) multi-nucleated
giant cells, and (3) the branched, flottened cells which assist in forming

Fig. 213.—RETICULUM OF SPLEEN, GOLGI METHOD. (Oppel)

a, Malpighian corpuscle ; b, part of its retieulim ; ¢, condensed reticulum at its margin ;
d, more open tissue next to this; e, wall of arteriole ; 7, eapillaries of Malpighinn
corpusele ; g, reticulum of arteriole expanding into that of the Malpighian corpuscle.

a

the spongework., The splenic cells are phagoeytic and are frequently
found to contain coloured blood-corpuseles in their interior in various
stages of transformation into pigment. They occur both in the
interstices of the pulp and in the venous sinuses and veins, where
they are often filled with erythrocytes (fiz. 214). The giant cells are
most frequent in young animals (fig. 215): their function has not been
ascertained. The branched cells ¢f the spongework are probably of
the same nature as the epithelinm cells of the terminal capillaries and
veins of the pulp. They resemble one another in their tendency to
branch and they are connected by their branches. The phagocytic
spleen cells are perhaps derived from them,
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The lymphatics of the spleen run partly in the trabeculs and capsule,
and partly in the lymphoid tissue ensheathing the arteries. They join
to form larger vessels which emerge together at the hilum.

Mall states that the distribution of the trabeculs: and of the blood-vessels
within the spleen is such as to indicate a ditferentiation of the pulp into
minute divisions, which he terms “spleen lobules,” each of which has its own
arteriole and venule, and in which the pulp appears arranged in columns or
cords surrounded by venous spaces. ]‘L)WE'FEI" this may be there is nothing

of the nature of partitions separating such lobules: to all appearance the
pulp is throughout in continuity.

THE SUPRARENAL (CAPSULES.

The suprarenal capsules (adrenals) belong to the class of bodies
known as ductless glauds, T ; e

but they are entirely differ-
ent in structure from the
spleen and lymphatic glands.
A section through the fresh
organ (fig. 216) shows a cor-
tical zone which is striated
vertically to the surface, and
of a yellowish colour, and a
medulla  which is soft and
highly wvascular, and of a
dark-red colour. The whole
organ is invested by a fibrous
capsule which sends fibrouns
septa inwards to the cortical
substance (fig. 217, a), sub-
dividing this for the most
part into columnar groups of
cells (zona fasciculata, ¢).
Immediately underneath the
capsule, however, the groups
are more rounded, and the
cells tend to assume a colum-
nar form (zona glomerulosa, &),
whilst next to the medulla
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they have a reticular arrange- BS=g®
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ment (zona reticularis, d). Fig. 217.—VERTICAL SECTION OF CORTEX
= OF SUPRARENAL OF DOG. (Bihm and
The cells which form the v. Davidoff.) (Magnified about 150
cortical substance are, for diameters, )

a, capsule ; &, zona glomerulosa ; ¢, xona fosei-

the most pﬂ.ﬂ-, pﬁ]?]‘l&dt‘lﬂ in eulata ) o, zona reticularis,






P

THE THYROID BODY. 183

which it is pervaded, and which receive the blood after it has traversed
the capillaries of the cortex. In addition there are a few arterioles
which pass straight to the medulla through the cortex. One large
vein usnally passes out at a hilam in the anterior surface of the gland.
Investing the larger veins are longitudinal bundles of plain muscular

Y T

Fig. 219.—S8ECTION OF HUMAN THYROID. (Szymonowiez.) (Magnified about
180 diameters,)

i, vesicle occupied by colloid, which has partly shrunk away from the epithelinm ;

b, epithelinm of a vesiele : e, e, epithelium of vesicles which are cut tangentinlly ;
d; interstitial connective tissue,

fibres ; but most of the veins have only an intima. Numerous nerves,
after traversing the cortical substance, are distributed throughout the
medulla, where they form a close plexus provided here and there with
ganglion-cells. The cells of the medulla are characterised by staining
brown by chromic acid and its salts, provided the organ is fresh.

Tur. THYROID Bony.

The thyroid body consists of a framework of connective tissue
inclosing numerous spherical or oval vesicles (fig. 219) which are
lined with cubical epithelium. The cavities of the vesicles are
filled with a peculiar viscid liquid (colloid) which is coagulated by
alecohol and which then becomes stainec with hematoxylin, A
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similar material has been found in the lymphatics of the gland,
and may often be detected also in the interstices of the con-
nective tissue.

The blood-vessels of the thyroid are exceedingly numerous, and the
capillaries form close plexuses round the vesicles (fig. 220).

Fic. 220, Fia. 221.

FiG. 220.—THYROID OF DOG INJECTED.

Fic. 221.—SECTION OF PARATHYROID OoF KITTEN. (Kohn.)
The figure shows columns of epithelium cells, with intervening vascular septa ; m, m,

cells undergoing mitotic division.

Parathyroids.—In close proximity to the thyroid are always to be
found four small glandular organs of different structure from the
thyroid proper, although somewhat resembling it in its embryonic
condition. These bodies, one of which usunally lies on the lateral
and one on the mesial surface of each lateral lobe, are formed of
columns of granular epithelium-cells, with a very vascular con-
nective tissue between the columns, If left after removal of the
thyroid, they are stated to undergo hypertrophy and to supply its
function. Besides these bodies, there is also frequently to be found
in connection with the thyroid a small mass of lymphoid tissue
which resembles the thymus tissue in structure, and, like it, contains
concentric corpuscles.

Carotid and coccygeal glands.—These are minute glandular organs
without duets, lying respectively at the bifurcation of the ecarotid
artery and in front of the apex of the coeccyx. They are composed
of polyhedral cells, with numerous blood-capillaries between them.
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In the carotid gland the cells are collected into spheroidal clumps,
in the coceygeal gland into irregular nodules. Some of the cells of

Fig. 222.—A CLUMP OR CELL-BALL FROM THE CAROTID GLAND, INJECTED.
{Schaper.)
a, arteriole; v, v¥, venules :i £, sinus-like capillary within nodule ; &, group of gland

eells ; ¢, boundary of nodule surrounded by lymph apace ; d, inter-nodular connective
tissue of gland,

the earotid gland stain brown with chromic acid like those of the
medulla of the suprarenal body.
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LESSON XXVII.
THE SKIN.

1. Skcrioxs of skin from the palmar surface of the fingers. The skin is best
hardened in picric acid or formol, followed by aleohol. The sections are to
be made vertical to the surface, and should extend down as far as the sub-
cutaneous tissue, They may be stained with carmalum or hemalum, fol-
lowed by picric aleohol, and mounted in xylol balsam. In these sections
notice the layers of the epidermis and their different behaviour to the
staining fluids. Notice also the papille projecting from the corium into the
epidermis and look for tactile corpuscles within them. In very thin parts
of the sections the fine interculluf:i.r channels in the deeper parts of the
epithelinm (see Lesson VI.) may be seen with a high power. The con-
voluted tubes of the sweat-glands are visible here and there in the deeper
parts of the corium, and in thick sections the corkscrew-like channels b
which the sweat is conducted through the epidermis may also be observed.
Make a sketch showing the general structure under a low power, and other
sketches to exhibit the most important details under a high power. Measure
the thickness of the epidermis and the length of the papillze.

2. Sections of the skin of the scalp, vertical to the surface and parallel
to the slope of the hair-follicles, and others parallel to the surface, and
therefore across the hair-follicles. Stain and mount in the same way as in
the last preparation. Examine also the strueture of the hairs.

In these preparations the details of structure of the hairs and hair-follicles,
together with the sebaceous glands and the little muscles of the hair-follicles,
are to be made out.

3. Vertical sections of the nail and nail-bed. To cut such hard structures
as the nail it is best, after fixing with picric acid, followed by 75 p.c. alcohol,
to soak the tissue in strong gum arabic for a few days, then place it in an
appropriate position upon a cork or upon the object-carrier of a microtome,
and plunge the whole into 70 per cent. aleohol. This renders the gum hard,
and enables sections to be cut of sufficient fineness. A plane iron should be
used with the microtome, since the hardness of the nail will turn the edge
of a razor. To remove the gum the sections are placed in water for a few
hours ; they may then be stained with hemalum or carmalum, passed through
pieric alcohol, and mounted in xylol balsam. Notice the ridges (not papills)
of the corium projecting into the epidermis. Observe also the distinction
of the epidermis into Malpighian layer and nail proper. ;

4. Mount in xylol balsam a section from a portion of skin in which the
blood-vessels have been injected, and notice the distribution of the capillaries

to the sweat-glands, to the hair-follicles, and to the papillary surface of the
coriumn.

5. The cells which compose the nails and hairs can be isolated by warming
a small piece of nail or hair in strong sulphurie acid ; after this treatment

they are readily separated from one another by pressure upon the cover-
glass. '
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The skin is composed of two parts, epidermis and cufis vera (fig. 224).
The epidermis, or scarf skin, is a stratified epithelium (fig. 225). It

is composed of a number of layers of
cells, the deeper of which are soft
and protoplasmic, and form the refe
mucosum of Malpighi, whilst the super-
ficial layers are hard and horny, this
horny portion sometimes constituting
the greater part of the thickness of
the epidermis. The deepest eells of
the refe mucosum, which are set on the
surface of the cutis vera, are columnar
in shape. In the coloured races of
mankind these cells contain pigment-
granules. In the layers immediately
above them the cells are polyhedral.
Between all these cells of the rete
mucosum there are fine intercellular
clefts which separate the cells from
one another, but are bridged across
by fine fibres which pass from cell to
cell, and also through the substance
of the cells (Ranvier, Delépine). The
intercellular channels serve for the
passage of lymph, and within them
occasionally lymph-corpuseles may be
found, often having a stellate figure
from COmpression.

The most superficial layer of the
rete mucosum is formed of somewhat
flattened cells filled with granules or
droplets of a material (eleidin) which
stains deeply with earmine and hama-
toxylin (sfratuin granuloswm, fig. 225,
s.gr; fig. 226,¢). Superficial to the stra-
tum granulosum is a layer in which
the cells are indistinct and some of
which contain flakes or larger droplets
of a material which is chemically
similar to the granules in the last
layer.
the stratum lucidum (s.1.).
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Fie. 224,— VERTICAL SECTION THROUGEH
THE SKIN OF THE SOLE OF THE FOOT.

(About 26 diameters)

This layer has a clear appearance in section, and is known as
Immediately superficial to this layer is the
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horny part of the epidermis. It is composed of a number of strata of
distinet cells, the nuclei of which are no longer visible. These cells
near the surface take the form of thin horny scales (stralum squamosum),
which eventually become detached (fig. 227, s). In certain parts
which have a thick epidermis and are not covered with hair (e.g. the
palms and soles), the superficial part of the epidermis is a layer mainly
formed by a number of greatly swollen cells (sw), forming collectively
— . - T e
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Fre, 225, —VERTICAL SECTION THREOUGH THE SKIN OF THE PALMAR SIDE OF
THE FINGER SHOWING TWO PAPILLE (ONE OF WHICH CONTAINS A TACTILE
CORPUSCLE) AND THE DEEPER LAYER OF THE EPIDERMIS. (About 200
diameters. )

#ig, gwollen out cells of the horny layer; &/, stratum lucidum ; &gr, stratum granulosum ;
ﬂ, R:Icklc-mllu, with intercellular channels and bridging fibres ; ¢, columnar cells ;
y dermis,

what has been termed the epifrichial layer. In the embryo in the
second and third month of intrauterine life it covers the whole body,
but is thrown off where hairs are developed.

The growth of the epidermis takes place by a multiplication of the
cells of the deeper layers. The newly formed cells, as they grow, push
towards the surface those which were previously formed, and in their
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FiG. 226. —PORTION OF EPIDERMIS FROM A SECTION OF THE SKIN OF THE FINGER,
COLOUKED WITH PICROCAKMINE, (Ranvier.)
a, stratum corneum; &, stratnm luciduom with diffused flakes of eleiding ¢, stratum
granulosum, the cells filled with dﬂpﬂ of eleidin ; J, prickle-cells: ¢, dentate
projections by which the deepest cells of the epidermis are fixed to the cutis vera.

Fic. 227.-—-8EOTION OF EPINDEEMIS. (Ranvier.)

H, horny layer, congisting of s, superficial horny scales; s, swollen horny cells; &0,
stratum lucidum ; M, rete roucosum or Malpighian layer, consisting of p, prickle-
cells, revernl rows deep; o elimuated eells forming n single atraturm near the corinm ;
and z.gv, stratum granulosum of Lange hans, just below the stratum lneidum.  Part
of a plexus of nerve-fibres s geen in the superficial lay er of the cutis vera. From this
plexus fine varicose nerve-fibrils may be traced passing up between the epithelinm-
cells of the Malpighian layer.
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progress the latter undergo a chemical transformation, which converts
their protoplasm into horny material : this change seems to occur just
at and above the stratum granulosum (see fig. 226). The granules
and droplets which oceupy the cells of the stratum granulosum and
stratum lucidum are composed, as already stated, of a substance termed
éleidin, which according to Ranvier becomes transformed into the
keratin of the more superficial strata.

No blood-vessels pass into the epidermis, but it receives nerves
which ramify between the cells of the rete mucosum in the form of
fine varicose fibrils (fig. 227).

The eutis vera or corium is composed of dense connective tissue,
which becomes more open and reticular in its texture in its deeper

Fia. 228 —DUCT OF A SWEAT-GLAND PASSING THROUGH THE EPIDERMIS,
{Magnified 200 diameters.) (Heitzmann.)
# papillae with blood-vessels injected ; roo., rete mucosum between the papillo; e e,
stratum cormeum ; &4., stratum grannlosum ; o, d, sweat-duct passing through
epidermis.

part, where it merges into the subcutaneous tissue. It is thickest over
the posterior aspect of the trunk, whereas the epidermis is thickest on
the palms of the hands and soles of the feet. The superficial or
vascular layer of the corlum bears minute papille, which project up
into the epidermis, which is moulded over them. These papillee for
the most part contain looped ecapillary vessels (fig. 228), but some,
especially those of the palmar surface of the hand and fingers, and
the corresponding part of the foot, contain tactile corpuscles, to which
medullated nerve-fibres pass (fig. 225).

In some parts of the body (scrotum, penis, nipple, and its areola),
involuntary muscular tissue oceurs in the deeper portions of the cutis
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vera, and in addition, wherever hairs occur, small bundles of this tissue
are attached to the hair-follicles.

The blood-vessels of the skin are distributed almost entirely to the
surface, where they form a close capillary network, sending up loops
into the papille (fig. 228). Special branches are also distributed to the
various appendages of the skin, viz. the sweat-glands and hair-follicles,
with their sebaceous glands and little muscles, as well as to the little
masses of adipose tissue which may be found in the deeper parts of
the cutis. 2

The lymphatics originate near the surface in a network of vessels,
which is placed a little deeper than the blood-capillary network. They
receive branches from the papille, and pass into larger vessels, which
are valved, and which run in the deeper or reticular part of the corium.
From these the lymph is carried away by still larger vessels, which
course in the subcutaneouns tissue.

The appendages of the skin are the nails, the hairs, with their
sebacerus glands, and the sweat-glands. They are all developed as

thickenings and downgrowths of the Malpighian layer of the
epidermis.

TaHE NAILS.

The nails are thickenings of the deeper part of the stratum corneum
developed over a specially modified portion of the skin (fig. 229), which
is known as the bed of the nail, the depression at the posterior part of
the nail-bed from which the root of the nail grows being known as the
nail-groove. The part of the bed which occupies the inner or central
portion of the groove is termed the nail-mafiiz, since it is from this part
that the growth of the nail proceeds. The distal part of the nail forms
the free border, and is the thickest part of the body of the nail. The
substance of the nail (fig. 230, N) is composed of clear horny cells,
each containing the remains of a nueleus ; it rests immediately upon a
Malpighian layer (B) similar to that which is found in the epidermis
generally, but destitute of a defined stratum granulosum. Never-
theless, in the more superficial cells both of the bed and matrix there
are a large number of granules to be seen, which may represent those
of the stratum granulosum of the epidermis. These granules are,
however, not composed of eleidin, but of a material (onychogenic
substance, Ranvier) which stains brown instead of red with carmine ;
a similar material aceurs in the cells which form the fibrous substance
and cuticula of the hairs. The corium of the nail-bed is beset with
longitudinal ridges instead of the papillz which are present over the
rest of the skin; these, like the rest of the superficial part of the



Fic. 229, —LoNGITUDINAL SECTION THROUGH THE ROOT OF THE NAIL AND ITS
MATEIX. (Magnified about 10 diameters.)

a, root of nail ; &, Mal fan layer of matrix ; ¢, folds in dermis of nail-bed ; &, epitrichial
layer of .,',-de,fi-;ﬁa,h. ; €, eponychium ; f, bone {terminal phalanx) of ﬁ:’gw

Fie. 230.—BgcTioN acmaa. THE NAIL AND NAIL-BED. (100 diameters.)

(Heitzmann. )
P, ridges with blood-vessels ; £, rete mucosum ; N, nail,

P

e
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corium, are extremely vascular. The nails are developed in the feetus
at about the third month, the groove being formed at this time in the

T AANTT = =

Fi6. 231.—PIECE OF HUMAN HAIR,
(Magnified. )

A seen from the surface ; B, in optical
section. ¢, outicle; f, fibrous sub-
atance ; wi, medulla, the air having
been expelled by Canada balsam.

&

Fic. 232, —HAIR-FOLLIOLE IN LONGI-
TUDINAL H-I‘K‘:Tlﬂh:'.
(After Biesiadecki.)

a, mough of follicle; &, neck; ¢, bulb;
d, ¢, dermiec coat; f, outer root-sheath ;
#, inner root-sheath; A, hair; &, its
medulla ; I, hair-knob; m, adipose
tissme ; r, hair-muscle; o, papilla of
skin ; p, papilla of hair ; s, rete muceo-
sum, continuons with outer root.

sheath; ep, horny layer; ¢, schaccous
gland.

Fiz. 232,

corium, and the nail rudiment appearing in it as a thickening of the
stratum lueidum, which lies over the bed. It becomes free in the sixth

month, its free end being at first thin, but as it grows forward over the
N
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bed it appears to receive additions on its under surface—at mmha:
‘posterior part of the bed—so that after a time the distal mdhmﬁmﬂ-

thicker. The epitrichial layer of the cuticle which ori ly co
the developing nail becomes detached about the fifth month nnﬂ, n.ft-er

Ny om—

Fig. 233, —8FECTIONS ACROSS HALL-FOLLICLES FROM THE SCALP OF AN INFANT.
(Magnified 250 diameters. )

I. Through papilla. 1L 'I‘hmufh hair just above papilla. 1L About middle of follicle.

IV. Near outer part of follicle. p, papilla; e, epithelium surrounding with
plﬁﬁwnt- in {!E'Hﬂ Ay, hyaline lnym' of dermic coat with thin onter just

in it; o, outer root-sheath ; of Henle and i, hynufﬂu:hyuf&lim
root-sheath ; ¢, cuticle of root- lheu.t-h'“:, hair, .

birth, only remains as the narrow border of euticle (eponychium) wluch
overlies the lunula at the root.

Ha1gs.

The hairs are growths of the epidermis, developed in little pits—
the hair-follicles—which extend downwards into the deeper part of the
corium, or even into the subeutaneous tissue. The hair grows from
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the bottom of the follicle, the part which thus lies within the follicle
being known as the roof (fig. 232).

The substance of a hair is mainly composed of a pigmented, horny,
fibrous material (fig. 231 f), which can be separated by the action of

7} i fi

Fic. 234. —LONGITUDINAL SECTION OF A HAIR-FOLLICLE. (200 Diameters.)
o, outer : i, inner root-sheath ; &, hair; =, part shown magnified in fig. 235,

sulphuric acid into long tapering fibrillated cells, the nuclei of whigh
are still visible. The fibronus substance of the hair is covered by a
layer of delicate imbricated scales, termed the hair-cuficle (¢). In many
hairs, but not in all, the centre is occupied by an axial substance
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(medulla, m), formed of angular cells which contain granules of eleidin,
and frequently have a dark appearance from the presence of minute
air-bubbles. The latter may also occur in interstices in the fibrous
substance. When they are present, the hair looks white by reflected
light. The roof has the same structure as the body of the hair, except
at its extremity, which is enlarged into a knob (fig. 232); this is com-
posed mainly of soft, growing cells, and fits over a vascular papille (p),
which projects up into the bottom of the follicle (fig. 234).

Structure of hair-follicle.—The follicle, like the skin itself, of which
it is a recess, is composed of two parts: one epithelial, and the other
connective-tissue. The epithelial or epidermic part of the follicle
closely invests the hair-root, and is often in great part dragged out
with it ; hence it is known as the roof-sheath. It consists of an outer
layer of soft columnar and polyhedral cells, like the Malpighian layer

' i d hy. u YRR il h

Fig. 235, —A 83MALL PORTION OF THE SECTION sHOWKN IN Fig. 234 ENLARGED
To S0 DIAMETERS TO EXHIBIT THE STRUCTURE OF THE SEVERAL LAYERS.

&, hair ; ¢, ita cuticle ; ¢, outicle of root-sheath ; i, Huxley's layer ; ¢, Henle's layer ;
o, outer root-sheath ; Ay, hyaline layer ; o, dermic coat ; f, fat-cells,
of the epidermis, but without stratum granulosum—the oufer roof-sheath
(figs. 232, f; 233, 234, 235, 0); and of an inner, thinner, horny stratum
next to the hair—the inner rool-sheath (figs. 232, g; 233, 234, 235, ).
The inner root-sheath itself consists of three layers, the outermost being
composed of horny, fibrous, oblong cells the nuclei of which are
obscure and difficult to make out (Henle's layer), the next of poly-
hedral nucleated cells containing eleidin (Huxley's layer), and the
third — the cuticle of the root-sheath — being, in the more superficial
part of the follicle, a layer of downwardly imbricated scales, which fit
over the upwardly imbricated scales of the hair itself. In the more
superficial part of the hair-follicle the layers of Huxley and Henle
are indistinguishable, the cells of both being clear and keratinized ;
even lower down where distinguishable they show a tendency to
dovetail into one another. At the bottom of the follicle no differ-
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entiation into layers can be made out in the root-sheath, which
is here formed by a uniform mass of soft cells surrounding the papilla.

In the greater extent of the follicle the outer root-sheath is several
layers deep, but as the bottom of the follicle is approached it becomes
thinner and is finally reduced to a single layer of cells which become
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Fiao. 236. —FROM A SECTION OF SKIN
PEEPARED BY THE CHROMATE OF
ZILVER METHOD, SHOWIXG THE
UPPER PART OF TWO HAIRS AND
THE TERMINAL ARBORISATIONS OF
NERVE- FIRRER IN THEIR ROOT-
SHEATHS. (v, Gehuchten.)

Fra. 237.— LONGITUDINAL SECTION
THROUGH THE FOLLICLE OF A HAIR
WHICH HAS CEARED TO GROW AND
THE ROOT OF WHICH IS UNDER-
GOING  ABSORPTION.  (Magnified
M) diameters. )

Fia. 237.

The connective tissue or dermic part of the hair-follicle (figs. 232,
233, 234) is composed internally of a vascnlar layer, which is separated
from the root-sheath by a basement-membrane termed the hyaline layer
of the follicle. This inner vascular layer corresponds to the superficial
layer of the cutis vera. Its fibres and cells have a regular circular
arrangement around the follicle, the cells being flattened against the



198 THE ESSENTIALS OF HISTOLOGY.

hyaline layer. Externally the dermic coat of the follicle has a more
open texture, corresponding to the reticular part of the cutis, and
contains the larger branches of the arteries and veins. In the large
tactile hairs of animals, the veins near the bottom of the follicle are
dilated into sinuses, so as to produce a kind of erectile structure.

The hair-follicle receives nerve-fibres which pass into the papilla, and
others which enter the root-sheath. These last descend from the
superficial nerves of the corium and form ring-like arborisations in the
upper part of the hair follicle (fiz. 236).

Growth and replacement of the hairs.—The hair grows from the
bottom of the follicle by multiplication of the soft cells which cover
the papilla, these cells becoming elongated and pigmented to form the
fibres of the fibrous substance, and otherwise modified to produce the

(13 il f

Fic. 238. —HAIR-GERMS IN A SECTION OF THE SCALP OF A HUMAN KETUS.
(Szymonowicz.) (Magnified 230 diameters.)

i, commenecing down-growth of epidermis ; b, further stage of down-growth ; ¢, connective
tissue cells beginning to accumulate to produce dermic coat of the follicle ;
d, hair-follicle more advanced in development ; ¢, section of a hlood-vessel.

medulla and cuticle of the hair and the several layers of the root-
sheath. The cells which form the medulla of the hair and the inner
root-sheath are filled with granules of eleidin, but those which form the
fibrous substance and cuticula of the hair have granules which stain
brown with carmine, and appear similar to those which are met with in
the corresponding cells of the nail matrix (Ranvier) (see p. 191).
Besides the hair-follicles already described, which are provided with
a papilla, from the cells on the surface of which the hair and its inner
root-sheath are continuously growing (papillated hairs, hairs with
hollow bulb), there are many hairs which are unprovided with a
papilla and the follicle of which ceases at the level of attachment of
the arrector pili muscle (non-papillated hairs, hairs with solid bulb).
These are hairs which have lost their papilla and have ceased to
crow ; they are more easily eradicated than the growing hairs, and
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tend to fall out after a time, which is never the case with those hairs
which are still provided with a papilla. In these follicles the whole
of the lower part, including the original papilla and the soft growing
cells which cover it, have entirely disappeared, the hair being now
attached at its sides and below to the root-sheath. A hair which
has thus "ceased to grow eventu-
ally becomes lost, but its place is
presently supplied by a new hair,
which becomes developed in a down-
growth from either the bottom or the
side of the follicle, a new papilla
becoming formed at the extremity of
the down-growth (fig. 237). If not
previously detached, the old hair is
pushed out from the follicle by the one
which replaces it.

The detachment of the non-papillated
hairs is preceded by an absorption of
the root of the hair and of the investing
inner root-sheath. This absorption
appears to be effected by the cells of
the outer sheath, which erode the
keratinized parts of the hair root and
thus undermine its attachment to the
follicle (fig. 257).

The hairs are originally developed in
the embryo in the form of small solid
down-growths from the Malpighian
layer of the epidermis (fig. 238). The
hair-germ, as it is called (although it
gives rise not only to the hair proper
but to the epithelinm-cells of the

Fig. 239, —DEVELOPING HAIR FHOM

HUMAN EMBRYO OF 41 MONTHS.
(Ranvier.)

o, papilla ; 7, bair-rudiment ; ¢, cells from
which thoe inner root-sheath is becom-
ing formed ; &, keratinised part of inner

hair-follicle also), is at first composed
entirely of soft growing cells; but
presently those in the centre become
differentiated, so as to produce a
minute hair invested by inner root-
sheath, i1ts base resting upon a papilla

roct-sheath, uncoloured by earmine : o,
outer root-sheath ; &, epithelial projec.
tion for insertion of arrector pili; s,
sebaceous gland ; ¢, sebaceous degenera-
tion of cells in the part which will
become the neck of the follicle, This
forms a channel for the passage of the
hair-point through the Malpighian
layer.

which has become inclosed by the extremity of the hair-germ and which
is continuous with the connective tissue of the corium (fiz. 239). As
the minute hair grows, it pushes its way through the layers of the
epidermis, which it finally perforates, the epitrichial layer being
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thrown off (p. 188). At the same time the follicle tends to penetrate
more deeply into the cutis vera, carrying the papilla down with it.

The hair-rudiments begin to appear at the third or fourth month of
feetal life ; their growth is completed about the fifth or sixth month,

e
Fig. 240, — LONGITUDINAL 8ECTION OF A HAILR WITH IT3 FOLLICLE FROM A SIX-

MONTHS HUMAN EMBRYO. (Szymonowiez.) (Magnified about 150 diameters.)

i paEIht; &, young hair; i, inner root-sheath ; o, dermic coat of follicle ; o, outer root-
eath ; &, sebaceous gland rudiment ; 4, projection for insertion of arrector pili.

and the fine hairs which they form constitute a complete hairy covering
termed the lanugo. This is entirely shed within a few months of
birth, the new hairs heing formed in down-growths from the old hair-
follicles in the manner already mentioned.

Hairs grow at the rate of half an inch per month. They are found
all over the body except on the palms of the hands and the soles of the

il
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feet, and on the distal phalanges of the fingers and toes. Thev
usually slant, and in the negro the hair-follicles are even considerably
curved. On the scalp they are set in groups, as is well seen in a
horizontal section.

The hairs of animals are often curiously marked by the arrangement of
their medulla, the nmrkinga hEiI]g characteristic of partienlar species.
In some animals, e.g. the mole, the hairs have a varicose form with alter-
nate enlargements and constrictions. In human hair the disap };t—r:muu:ﬂ of
the papilla is preceded by its gradual diminution in size, and duoring this
period the root of the hair is becoming gradually more slender {Ham ier),

g0 that when such a hair is pullml out it appears to be of least diameter
near the bulb, instead of being largest there, as is the case under ordinary

circumstmmes_

Muscles of the hairs.— A small musele composed of bundles of plain
muscular tissue is attached to each hair-follicle (arrector pili, fig. 232, v) ;
it passes from the superficial part of the corinum, on the side to which
_ the hair slopes, obliquely downwards, to be attached near the bottom
of the follicle to a projection formed by a localised hypertrophy of the
outer root-sheath. When the muscle contracts, the hair becomes more
erect, and the follicle is dragged upwards so as to cause a prominence
on the general surface of the skin, whilst the part of the corium
from which the little muscle arises is correspondingly depressed ; the
roughened condition known as ‘goose skin’ being in this way pro-
duced. There is always a sebaceous gland in the triangle formed
between the arrector pili, the mouth of the hair-follicle, and the
epidermis, so the contraction of the arrector generally causes the
secretion of the gland to be forced out.

GLANDS OF THE SKIN.

The sebaceous glands (fig. 232, {) are small saccular glands, the
ducts from which open into the mouths of the hair-follicles, but they
are also found in a few situations which are devoid of hairs (margin of
lips, labia minora, glans, and prepuce). The Meibomian glands of the
eyelid may also be regarded as modified sebaceous glands. Both the
duct and the saccules are lined by epithelinm, which becomes charged
with fatty matter. This sebaceous matter is discharged into the cavity
of the saceunle, probably owing to the disintegration of the cells within
which it is formed. There may he more than one sebaceous gland
attached to each hair-follicle.

The sebaceous glands are developed as outgrowths from the outer
root-sheath (figs. 239, 240, s).

The sweat-glands are abundant over the whole skin, but they are
most numerous on the palm of the hand and on the sole of the foot.
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They are composed of coiled tubes, which lie in the deeper part of the
integument and send their ducts up through the cutis to open on the
surface by corkscrew-like channels in the epidermis (figs. 224, 228).
The glandular or secreting tube is a convoluted tube composed of a
basement-membrane lined by a single layer of cubical or columnar
epithelium-cells, and with a layer of longitudinally or obliquely dis-

Fig., 241 —SECTION OF A SWEAT-GLAND IN THE SKIN OF MAN,
o, o, secreting tube in section ; 0, a coil seem from above; ¢ e, efferent tube;

o, intertubular connective tissue with blood-vessels, 1, basement-membrane ;
2, muscalar fibres cut across ; 3, scereting cpithelinm of tubule,

posed fibres between the epithelium and basement-membrane. These
fibres are usnally regarded as muscular, but the evidence on this point
is not conclusive. The secreting tube is considerably larger than the
efferent tube or duct, which begins within the gland and usually makes
several convolutions before leaving the gland to traverse the cutis vera.
The efferent tube has an epithelium consisting of two or three layers of
cells, within which is a well-marked cuticular lining, but there is no
muscular layer. The passage through the epidermis has no proper wall,
but is merely a channel excavated between the epithelinm-cells.

The ceruminous glands of the ear (fig. 242) are modified sweat-glands.
The secretion is of a sebaceous nature, instead of being watery like
that of the ordinary sweat-glands.

The sweat-glands are developed, like the hairs, from down-growths
of the Malpighian layer of the epidermis into the corium, the rudi-
ments which are thus formed becoming eventually coiled up at their

i
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extremities and converted into hollow tubes. The musenlar fibres
of the tubes as well as the secreting epithelium cells are thus ectodermic

structures.
The sweat-glands receive nerve-fibres, and each gland has a special

cluster of capillary blood-vessels.

Hebaceous glands.

Hair-follicle,

Ceruminous gland.

Fic. 242. —BECTION OF SKIN OF AUDITORY MEATUS, INCLUDING TWO HAIK-
FOLLICLES WITH THETR SEBACEOUS GLANDSE AN TWO CERUMINOUS GLANTS,

(Griiber. )
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LESSON XXVIIIL
STRUCTURE OF THE HEART.

1. Ix sections through the wall of the auricle notice the relative thickness of
the epicardium, myocardium, and endocardium. Observe the blood-vessels
and nerve-fibres under the epicardium, often embedded in fat; here and
there a ganglion may be seen under this membrane. Notice also the elastic
networks under both the pericardiom and endocardium. Make a general
sketch from this section.

2. In sections through the wall of the ventricle the same points are to be
noticed. The muscular fibres are variously cut. In those which are ent
longitudinally, the branching of the fibres and their union both laterally
and by their branches may be seen. Notice also that although the fibres
are cross-striated this is less distinet than in voluntary musecle, and that the
nuelei lie near the centre of each fibre. Transverse markings may also be
seen passing across the fibres between the nuclei ; this is usnally taken as
indicating a division into cells. The endocardium is very thin, espeecially
over the columnge carnee.

3. Section through one of the valves of the heart.! :

4. If a portion of endocardium of the sheep’s heart is spread out on a slide
and examined in salt solution, a network of large headefip fibres may be seen
with a low power or even with a lens; they are also well seen in sections.
These are the fibres of Purkinje; they are formed of large, square-looking
cells, usnally containing two nuelei, and having striated muscular substance
at their periphery.?

5. The lymphatics of the heart are easily injected with Berlin blue by
sticking the nozzle of the injecting syringe into the muscular substance, in
the interstices of which the lymphaties arise. These commencing lymphatics
lead to efferent vessels which pass under the epicardium towards the base
of the heart.

6. The epithelinm which covers the epicardium, and that which lines the
endocardinm, may be studied in preparations of the fresh organ which have
been well rinsed with distilled water; then treated with nitrate of silver,
again rinsed, and subsequently exposed to the light and hardened in
aleohol.  Surface sections are to be made and mnunl;eff in xylol balsam.

The muscular tissue of the heart (myocardium) forms the main
thickness of the ventricles and also of parts of the auricles. It is
composed of a network of fibres which are formed of uninucleated
transversely striated cells, the structure of which has already been
studied (Lesson XVIL., p. 108).

IThe appearances which are to be studied in sections 1, 2, and 3 can all be
obtained in one preparation, viz. a vertical section including a portion of auricle
and ventricle and a flap of the intervening auriculo-ventricular valve.

*The fibres of Purkinje may also be seen in sections of the heart
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In the interstices of the muscular bundles there is a little areolar

Fia. 243. Fra, 244,

o

F1g. 243.—SECTION OF THE RIGHT AURICLE,
A E“Jpl.cudium and adjacent part of the myccardinm, «, serous epithelivm in umtion
- ., connective-tissue er ; ¢, elastic network ; o, auznu-amuu areolar tissue;
J, section of a blood-vessel; g, a small guugllﬂu, &, musenlar fibres u!i' tl11_
myocardinm ; §, intermuscular areclar tissue,
#, Endocardinm and adjacent layer of the myocardivm, o, lining epithelinm ; &, con-
nective tissue with fine elastic fibres ; ¢, layer with coarser elastic fibres; o, sub-

endoeardial connective tissue continucus with the intermuscular tissue of the
myocardium ; &, muscular fibres of the myocardinm ; m, pliin muscnlar tissue in

the endocardinm.

F16. 244.—SECTION THROUGH ONE OF THE FLAPS OF THE AORTIC VALVE, AND
PART OF THE CORRESPONDING SINUS OF VALSALVA, WITH THE ADJOINING
PART OF THE VENTRICULAR WALL. (Drawn by V. Horsley.)

a, endocardinm, prolonged over the valve; &, sub-endocardial tissue; ¢ Abrous tissue
of the vnl\.'a. t.hi¢kanud at ¢ near the frec edge ; o, section of the lunula ; e, section

of the fibrous ri 7, muscular fibres of thﬂ wutnclu attached to it; g, loose
areolar tissue at I:;ie ‘base of the ventricle ; & F. sinus Valealvee : I, 2, 5, inner,

middle, and outer coats of the acrta.

tissue in which run the very numerous blood-capillaries and the
lacunar lymphatics.
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The myocardium is covered externally by a layer of serous mem-
brane—the epicardium (cardiac pericardium, fig. 243, .4)—composed,
like other serous membranes, of connective tissue and elastic fibres,
the latter being most numerouns in its deeper parts. Underneath the
epicardium run the blood-vessels, nerves, and lymphatic vessels of the
heart embedded in areolar and adipose tissue, this tissue being con-
tinuous with that which lies between the muscular bundles; the free
surface of the membrane is covered by serous epithelium.

The endocardium (fig. 243, B) has a structure not very unlike the
pericardium, It is lined by a pavement-epithelinm (or endothelium),
like that of a serous membrane, and consists of econnective tissue with
elastic fibres in its deeper part, between which there may, in some
parts, be found a few plain muscular fibres. Fat is sometimes met
with under the endocardinm.

In some animals, e.g. the sheep, and sometimes also in man, large
beaded fibres are found under the endocardinm. These are formed of
large clear cells joined end to end, and generally containing in their
centre two nuclei, whilst the peripheral part of the cell is formed
of cross-striated muscular tissne; they are known as the filres of
Purkinge (fig. 126, p. 110).

The walves of the heart are formed of folds of the endocardium
strengthened by fibrous tissue (fig. 244). This tissue forms a thicken-
ing near the free edge of the valve (¢). At the base of the auriculo-
ventricular valves a little of the muscular tissue of the auricle may be
found passing a short distance into the valve. o

The nerves of the heart are seen in sections underneath the epi-
cardium of both auricles and ventricles; in the former situation they
are connected at intervals with small ganglia (fig. 243, g). Their
branches pass to the muscular substance, and after dividing into fine
fibrils, these end in enlarged extremities, which are applied directly to
the muscunlar fibres ( Ranvier).
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LESSON XXIX,
THE TRACHEA AND LUNGS.

1. Ix sections of the trachea and laryvnx, notice the epithelium, the basement-
membrane (of some thickness in the human trachea), the lvmphoid tissue of
the mucous membrane, the elastic tissue external to this, and, lastly, the
fibrous membrane containing the cartilages. In the mucous membrane and
submucous areolar tissue look for sections of mucous glands, ducts of which
may be seen opening on the surface. At the back of the trachea notice the
plain muscular fibres transversely arranged ; there may be larger mucouns
elands external to these,

2. In sections of lung notice the sections of the alveoli collected into groups
(infundibula). Find sections of bronchial tubes, some eut longitudinally and
passing at their extremities into the alveolar passages, others cut across, In
each tube notice the ciliated epithelium internally. Next to this the muecons
membrane eontaining numerous elastic fibres and often thrown into folds :
then the layer of circular muscular fibres, and, outside this, loose fibrous tissue
in which in larger bronchial tubes pieces of cartilage may be seen embedded,
~ Small mucous glands may also be observed in the fibrous tissue sending their
ducts throngh the other layers to open on the inner surface. Notice that
the section of a branch of the pulmonary artery always accompanies a section
of a bronchial tube.

In the sections of the alveoli observe the capillary vessels passing from one
side to the other of the intervening septa ; and in places where the thin wall
of an alveolus is to be seen in the section, the network of blood-capillaries
upon it. Notice within the alveoli nucleated corpuscles which very frequently
contain dark particles in their protoplasm. They are amceboid cells which
have migrated from the hlmd-vesselﬂ and lymphaties, and have taken in
inhaled particles of carbon. They may pass back into the lung tissue, for
similar cells are seen in this. Make a sketch of part of the wall of a
bronchial tube and of one or two of the alveoli.

3. In sections of a fresh lung the air-cells of which have been filled with a
mixture of gelatine and nitrate of silver solution, the epithelium of the alveoli
may be atufied. The sections can be made with the freezing microtome, and
mounted in glycerine, which should be warmed after the cover-glass is applied
in order to melt the gelatine.

4. Mount in xylol balsam a section of lung in which the pulmonary vessels
have been injected. Study the general arrangement of the vessels with a
low power, and the network of capillaries of the alveoli with a high power.
Observe that the veins run apart from the arteries. Sketch the capillary
network of one or two adjoining alveoli.

THE TRACHEA.

The trachea or windpipe is a fibrous and muscular tube, the wall
of which is rendered somewhat rigid by C-shaped hoops of cartilage
which are embedded in the fibrous tissue. The muscular tissue, which
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is of the plain variety, forms a flat band, the fibres of which run
transversely at the back of the tube. The trachea is lined by a
mucous membrane (fig. 245, a to d), which has a ciliated epithelinm upon
its inner surface. The epithelium-cells have been already described
(Lesson VIL): they rest upon a thick basement-membrane. The
mucous membrane proper consists of areolar and lymphoid tissue, and
contains numerous blood-vessels and lymphatics. In its deepest part
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Fia, 245 —LONGITUDIXAL SECTION OF THE HUMAN TRACHEA, INCLUDING PORTIOKS
OF TWO CARTILAGINOUS RINGS. (Klein.) (Moderately magnified.)

o, vilinted epithelium ; O, basement-membrane ; ¢, superficial part of the mueous mem-
brane, containing the scetions of numerous capillary blood-vessels and mugh
Iymphoid tissue; d, deeper part of the mucous membrane, consisting mainly of
elastic fibres ; ¢, submueous areolar tissoe, containing the larger blood-vessels, small
mueonus glands (their ducts and alveoli are seen in section), fat, ete. ; f, fibrous tissue
investing and uniting the cartilages ; 7, a small mass of adipose tissue in the fibrous
layer; A, cartilage.

is a wellmarked layer of longitudinal elastic fibres (d). Many small
ulands for the secretion of mucus are found in the wall of the trachea.
They may lie either within the mucous membrane or in the submucous
areolar tissue (¢) or, lastly, at the back of the trachea, outside the
transverse musecular fibres,

The two divisions of the trachea, the bronchi, are precisely similar in
structure to the main tube.

The larynx is also very like the trachea so far as the structure of

the mucous membrane is concerned, but over the true voeal cords and
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upon the epiglottis, as well as here and there in the part above the
glottis, stratified epithelium is found; and taste-buds (see Lesson
XXXI.) may occur in this epithelium, except over the vocal cords.
The lymphoid tissue is especially abundant in the mucous membrane
of the ventricle of Morgagni (fig. 246, /), and a large number of
mucous glands open into this cavity and into that of the sacculus.
The true vocal cords are composed of fine elastic fibres.

Fiz. 246. —LOXGITUDINAL SECTIOX THROUGH THE VENTRICLE OF THE LARTNX
OF A cHILD, (Klein.)

a, trie ¥ocal cord ; &, false voeal eord ; o, nodule of eartilage: o, ventricle of Movgagni;
{, Iymphoid tissue ; m, thyro-aryvtengid muscle,

The cartilages of the trachea and larynx are hyaline, except the
epiglottis and the cartilages of Santorini and of Wrisberg, which are
composed of elastic fibro-cartilage. This is also the case with the tip
of the arytenoid in some animals.

Tur Luncs.

The lungs are formed by the ramifications of the lbronchial tubes and
their terminal expansions, which form groups (lobules) of sacculated
dilatations (adi-sacs, infundibula), beset everywhere with small hemi-
spherical or cubical bulgings, known as the adr-cells or pulmonary alveoli.

The bronchial tubes (figs. 247, 248) are lined in their whole extent
by ciliated epithelium which rests on a basement-membrane. External

to this is the corium of the mucous membrane, containing a large
O
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number of longitudinal elastic fibres and some lymphoid tissne.
Outside this again is a complete layer of plain muscular fibres encirelin

e b =

Fiz, 247.—PORTION OF A TRANSVERSE SECTION OF A BRONCHIAL TUBE, HUMAN, |

G My, 1IN DIAMETER. (F. E. Schultze.) (Magnified 30 dinmeters. ) |

o, cartilage and fibrons layer with mueons glands, and, in the onter part, a little fat;

in the middle, the duct of a gland opens on the inner surface of the tuba; b,

annular layer of involuntary muscular fibres; ¢, elastic layer, the elastic fibres in
bundles which are seen cut across ; ), eolumnar ciliated epithelinm.

S A S

Fio. 248, —BECTION OF PART OF A BRONCHIAL TUBE. (Magnified 200 diameters.)
o, ciliated opithelium ; &, basement membrane ; ¢, superficial part of mucous mem

with fine elastie fibres ; o, deeper part with numerous coarser fibres ; o, plain muscle
of bronchus : f, duet of gland passing through mucous membrane, !

the tube. Next comes a loose fibrous layer in which, in the larger

tubes (fig. 247), small plates of cartilage are embedded. Mucous

olands are also present in this tissue. :

The ferminal or lobular Gronchiol tubes expand into passages (alveolar
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pussages), the walls of which are beset with alveoli, and which end in

a number of blind and often funnel shaped diverticula completely

covered with alveoli, which are known as air sucs or infundibula.
According to Miller, two or more air-sacs open into a common chamber

(atriim), and several atria into a common terminal portion (vestibule) of the
expanded lobular bronehiole.

blood-vesanl smem

!'nbufm'h
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FiG. 249.—SECTION OF LUXG OF CAT. (Szymonowicz.) (Magnified 50 diameters,)

Jargey,

The epithelium of the bronchial tubes changes in the alveolar
passages ; from columnar and ciliated it becomes ecubical and non-
ciliated, and there are patches of the respiratory epithelium not
only in the alveoli of the passages, but also elsewhere in their wall.
The plain museular tissue of the bronchiole is continued on the walls
of the alveolar passages, but not on those of the atria, although some
occurs round the mouths of the atria and even of the alveoli.

The alveoli are lined by large irregular flattened cells (fig. 250),
which form an extremely delicate layer (respiratory epithelinm),
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separating the blood-capillaries from the air within the alveoli.
Amongst the flattened cells are here and there groups of smaller
and thicker (cubical) epithelium-cells. The capillary network of the
alveoli is very close (fig. 251), and the capillary vessels of adjoining
alveoli are in complete continuity, the vessels passing first to one
side and then to the other of the septa which separate the adjacent
alveoli. Outside the epithelinm a thin layer of connective tissue
(basement membrane 7) forms the wall of each alveolus. Elastic fibres
are numerous around the mouths of the alveoli, and a certain number
course over the wall of each alveolus.

Fii, 250, —SECTION OF PART OF CAT'S LUNG, STAINED WITH XITRATE OF BILVER.
(Klein.) (Highly magnified.)
Both the enbical and the large flattened cells of the alveoli are shown. In the middle

iz o section of a lobular bronchial tube, with a patch of cubical epithelium cells at
one side.

Blood-vessels,—Branches of the pulmonary artery accompany the
bronchial tubes to be distributed to the capillary networks upon the
alveoli, from which the blood is returned by the pulmonary wveins.
~ An arteriole runs with each lobular bronchiole, and, dividing into
as many branches as there are atria, is distributed to the capillary
networks of all the air-cells with which the bronchiole is connected
(Miller). From these networks one or two venules collect the blood,
usually coursing (independently of the arteriole) on the outer border
of the group of infundibula, and unite with other venules to form
efferent veins. The venules of the superficial lobules are con-
nected with a vascular network at the surface of the lung
underneath the pleura. The veins, pursuing a separate course
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through the tissue of the lung, join with others to form larger
vessels which pass to the root of the lung. Branches from the
bronchial arteries are distributed to the walls of the bronchial tubes,
and to the connective tissue of the lung. The bronchial veins at first
accompany the bronchial arteries, but most of the blood brought to the
lungs by the bronchial arteries is returned by the pulmonary veins.
Connective tissue intervenes everywhere in small quantity between the
infundibula (interstitial tissue), and forms a distinet layer, containing
much elastic tissue, covering the surface of the lung underneath the
serous membrane (subserous tissue). In some animals (e.g. guinea-pig)
the subserous layer contains plain muscular tissue, which is especially
developed near the lung-apex; it has not been detected in man.

Fiiz. 251.—SECTION OF INJECTED LUNG OF RABRIT, INCLUDING SEVERAL CON-
TIGUOUS ALVEOLL (Szyvmonowics ) (Magnified 300 diameters.)

The lymphatics of the lung accompany the bronchial tubes, the
branches of the pulmonary artery, and the branches of the pulmonary
vein ; and they also form a network in the subserous tissue. All the
lymphaties tend towards the hilum, and enter lymphatic glands at the
root of the lung. Those in the subserous tissue have been said to
communicate, by means of stomata between the epithelial cells of the
serous membrane, with the cavity of the pleura, but this connection is
denied by Miller.

The pleura, which covers the surface of the lung, Las the usual
strueture of a serous membrane. It is provided with a special network
of blood-vessels, which is supplied from the pulmoenary vessels of the
superficial lobules.
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LESSON XXX.
STRUCTURE AND DEVELOPMENT OF THE TEETH.

1. Stupy first with the low power and afterwards with the high power a
longitudinal section of a human tooth which has been prepared by grinding.
It is better to purchase this specimen, for the process of preparation is
difficult and tedions without the aid of special apparatus! Examine care-
fully the enamel, the dentine, and the cement. The dark appearance of the
dentinal tubules is due to their containing air in the dried specimen.
Measure the diameter of the enamel prisms and of some of the dentinal
tubules. Make sketches from each of the tissues.

2. Mount in xylol balsam a section of a tooth @ sitw, which has been
decaleified in chromic acid or in phloroglucin and nitric acid, after fixation
in picric or chromic acid, and stained with h@malum or carmalum. In this
section the mode of implantation of a tooth, as well as the structure of the

'im'{h ean be made ont. Make a general sketch under a low power, and
under a high power draw a small piece of the pulp showing the processes of
the odontoblasts extending into the dentinal tubules.

3. The development of the teeth and the formation of their tissues are
studied in sections made across the snout and lower jaw of feetal animals.
The preparation should be stained in bulk with aleoholic magenta, carmalum
or hiemalum, and embedded in paraftin or celloidin; if the former, the
sections must be mounted by an adhesive process (see Appendix).

T TEETH.

A tooth consists in man of three calcified tissues; the emamel, which
is of epithelial origin, the denfine, and the cement, or erusta pefrosa.
The dentine forms the main substance of a tooth, the enamel covers
the crown, and the cement is a layer of bone which invests the root
(fig. 252).

Enamel is formed of elongated hexagonal prisms (figs. 253, 254),
which are set vertically, or with a slight curvature, upon the surface
of the dentine. They are marked at tolerably regular intervals with
slight transverse shadings producing an indistinet cross-striated appear-
ance. Sometimes coloured lines run through the enamel across the
direction of its prisms. The enamel prisms have when first laid down
a fibrous structure (fig. 262), but this becomes almost entirely obscured
after their calcification is complete. C. Tomes has shown that the
enamel of the fully-formed tooth contains only an extremely minute

! Details of methods which are useful in dental histology are given in Conrse
of Practical Histology. .
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proportion of animal matter: practically it is wholly composed of
earthy matter (lime salts).

Dentine is constituted of a hard dense substance like bone, but
containing no Haversian canals or lacun®. It is pierced everywhere,

Fic. 253

Fic. 2562.—VERTICAL SECTION OF A
TOOTH IN =ITC. (15 dinmeters. )
(Waldeyer.)

¢, iz placed in the pulp-cavity, opposite
the cervix or neck of the tooth ; the
part above is the erown, that below is
the root (fang). 1, enamel with radial
Hnd concentric markings; 2, dentine
with tubules and ineremental lines ;
4y cement o crusta petroaa, with bone-
corpuseles ; 4, dental periostonm ; 5,
bone of lower jaw,

Fic. 233.—SeoT1oN THREOUGH THE
ENAMEL OF A TOOTH. (Magnified
200 diameters.) (Rauber.)

, projection of dentine, showing some
of its tubules, &, penetrating into the
Fig. 252, enamel ; ¢, ¢, enamel fibres cut longi-
tudinally ; «, o, prisms cut trans-
versely ; ¢, euticle of the ennmel,

however, by fine canaliculi (denfinal tubules, figs. 255, 256), radiating
outwards from a central cavity which, during life, contains the pulp.
The tubules branch at acute angles as they pass outwards; their
branches become gradually finer towards the periphery of the dentine.

The tubules have a proper wall of their own, which can be isolated by
steeping a section of tooth in strong hydrochloric acid. In the living
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tooth they are occupied by protoplasmic fibres, which are prolonged
from the superficial cells of the pulp.

The intertubular substance appears for the most part homogeneous,
but here and there indications can be seen in it of a globular forma-
tion. This is especially the case near the surface of the dentine,
where the globular deposit and the interglobular spaces may produce
a granular appearance (granular layer, fig. 255, 2), and also in the
course of certain lines or clefts which are seen traversing the dentine
across the direction of the tubules (incremental lines, fig. 252, shown
magnified in fig. 257). The dentine can be separated into lamell®

along these incremental lines.

Fig. 204 —ExAMEL pPrisms. (3560 diameters.) (Killiker.}

A, Fragments and single fibres of the enamel, isolated by the action of hydrochloric acid.
B, Surface of a small fragment of ennmel, showing the hexagonal ends of the ﬁbrgs.

The animal matter of dentine resembles bone and the connective
tissnes generally in having its ground-substance pervaded by fibres
which yield gelatine on boiling. These fibres, which have been
especially investigated by v. Ebner and by Mummery, are difficult of
demonstration in the fully caleified dentine; but in developing
dentine and in dentine which is attacked by caries they are more
easily shown, ;

The pulp (fig. 258) consists of a soft, somewhat jelly-like, connective
tissue, containing many branched cells, a network of blood-vessels, and
some nerve fibres which pass into the pulp-cavity along with the blood-
vessels by a minute canal at the apex of the fang. The superficial
cells of the pulp form an almost continuous layer, like an epithelinm
(fig. 2568, od, od’). They are known as odonfoblasts, from having been
concerned in the formation of the dentine. The nerve-fibres are said
to pass eventually between the odontoblasts and to end in arborisa-
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tions close to the dentine, but they have not been followed into the
dentinal tubules.

The crusta petrosa (fig. 255, 1) is a layer of lamellated bone in-
cluding lacune and eanaliculi, but without Haversian canals, at least

= il ' d i
Fic. 2535 " Fic. 257.
F1G. 255. —SECTION OF FANG, PARALLEL TO THE DENTINAL TUBULES. (Magnified
: 300 diameters.) {Waldever.)
I, cement, with large bone lacunm and indications of lamelle ; 2, granular lnyer of
Purkinje (interglobular spaces); ., dentinal tubules.
Fia. 256—BRCTIONS OF DENTINAL TUBULES. (Fraenckel.)
@, cut across ; b, cut obliguely, (About 300 diameters, )
Fie, 2‘-'\."7—4!"4. SMALL PORTION OF DENTINE WITH INTERGLOBULAR sSPACES.
(Kolliker.) (350 diameters.)

¢, portion of ineremental line formed by the interglobular spaces, which are here filled
up by a transparent material.

normally, in the human teeth. It is covered with periostenm (denfal peri-
osfeum), which also lines the socket, and serves to fix the tooth securely,

Formation of the teeth.—The teeth are developed similarly to the
hairs. A continuous thickening of the epithelium occurs along the
line of the gums, and grows into the corinm of the mucous membrane
(common dental gerin or dental linina, fig. 259, A). At regular intervals
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there is yet a further thickening and growth from the common germ
into the tissue of the mucous membrane, each of these special rudi-
ments, which are ten in number, swelling out below into a flask-shaped
mass of cells, the special dental germ (fig. 259, B) of a milk tooth. The
intermediate parts of the dental lamina long remain, forming a common
epithelial strand uniting the several special dental germs to one another
and to the epithelinm covering the gum (fig. 259, ¢, 0, f). A vascular
papille is continued from the corium into the bottom of each special
germ (fig. 259, ¢, 1, p); this papilla has the shape of the erown of the

Fic. 258, —S3ECTION ACROSS THE ROOT OF A YOUNG TOOTH HH’I}WIHG THE PULI*
v siTv.  (Rise.)
Populp; F, V. veins ; A4, A, A, arterioles ; N, nerve hundles ; od, columnar odontoblasts

ﬂdt:::tiﬂﬁ?mitiuzg dentine ; o, flattened odontoblasts which have ceased to form
future tooth. Each special dental germ, with its included papilla,
presently becomes almost entirely cut off from the epithelium of the
mouth, and surrounded by a vascular membrane—the denfal sac.
The papilla becomes transformed into the dentine and pulp of the
fature tooth, and the enamel is deposited upon its surface by the
epithelial cells of the dental germ. The root of the tooth, with its
covering of cement, is formed at a later period, when the tooth is
beginning to grow up through the gum, by a gradual elongation of the
base of the papilla. The shaping of this into the form of the root is
determined by a growth of the epithelium of the edge of the enamel
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germ, which extends in the form of a fold (the epillielial sheath) towards
the future apex of each fang. B
A

..:.-1-11. A0 .'r=. _‘r‘l
T 'gi%* G

Fia. 250,

.IL. BEUTIDN ACROSS THE UPPFER JAW OF A FIETAL SHEEP, 3 CEXTIMETRES LONG.
{(Waldeyer. )

1, common dental lamina dipping down into the mueons membrane where it is half sar-
rounded by a horseshoe-shaped more dense-looking tissue, the germ of the dentine
and dental sac¢; 2, palatine process of the maxilla.

B. BECTION FROM FIETAL CALF SIMILAR TO THAT SHOWN IN A, BUT PASSING THROUGH
OKE OF THE SPECIAL DENTAL GERMS HERE BECOMING FLASK-SHADEI. {Ri’.i!ll!'.':l
a, epithelium of mouth, thickened at &, above special dental germ § o, papilla ; o, sapecial
dental germ ; &, enamel epithelium ; 7, dental sac,
O axnp DL SECTIONS AT LATER STAGES THANX A AND B, THE PAPILLA HAVING
BECOME FORMED AXD) HAVIXG INDEXTED THE EPITHELIAL GERM, WHICH HAS
AT THE BAME TIME GROWN PARTLY RoUND IT.  (Killiker.)

¢, apithelinm of gum, sketched in outline ; 7, neck of dental germ ; 7, enamel-organ ; ¢,
itz deeper columnar cells; ¢, projections into the corium; p, papilla ; », dental sac
forming. In D), the dental germ (rp) of the corresponding permanent tooth is seen.

Previously to the deposition of the enamel, the dental germ under-
goes a peculiar transformation of its previously polyhedral epithelium-
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Fig., 260,—SECTION OF A DEVELOPING INCISOE TOOTH OF A HUMAN EMBRYO.
(Rose.) THE SECTION ALSO INCLUDES THE GERM OF THE ADJACENT TOOTH.
DK, dental papilla ; ad, odontoblasts ; &, bone of jaw: e, ¢, onter and inner layers of
enamel.organ ; & P, enamel pulp; &, . dental furrow ; ¢, remaing of common dental
germ or lamina ; o, neck or bridge of cells connecting this with the enamel-organ ;
s, month-epithelivm ; ¢, enamel organ of adjacent tooth germ; », reservo germ

of permanent tooth.

Fig., 261 —SECTION SHOWING THE STRUCTURE OF THE PART OF THE ENAMEL
ORGAN WHICH LIES NEXT TO THE DENTINE. (Rise.)
o, dentine ; ¢, newly formed enamel stained black by osmic acid ; T, Tomes' processes

fromn  the ameloblasts, o; ste {el, stratum  intermedinm of enamel-organ; p,
branched cells of enamel pulp.

Fra, 262. —DEVELOPING ENAMEL SHOWING AMELOBLASTS AXD THE FIBROUS RUR-
ATANCE PRODUCED BY THESE CELLS, WHICH FORMS THE BASIS OF THE
ENAMEL PrI=M=.  (From a photograph by Leon Williams. )

i, portions of the ameloblasts ; r, fibrous basis of enamel prisms ; e, ealeified part of enamel.
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cells into three layers of modified cells. One of these is a layer of
colomnar cells (adamantoblosts ov ameloblasts, fig. 261, a), immediately
covering the surface of the dentine. These columnar cells form the
enamel-prisms by a fibrous formation (fig. 262) followed by a deposi-
tion of calcareous salts external to the cells (or, as some hold, by a
direct caleification of their protoplasm). The cells next to the dental
sac form a single layer of cubical epithelium (fig. 260, ¢), and nearly
all the other cells of the dental germ become transformed into branch-
ing corpuscles (fig. 261, p) communicating by their processes, and thus
forming a continuous network. This part of the dental germ, after it
is thus modified, is known as the enamel organ.

The dentine of the tooth is formed by calcification of the surface of

Fle. 263.—SECTION OF PART OF A DEVELOPING TOOTH. (From a photograph by
Leon Williams. )

d, dentine ; od, odontoblasts sending their processcs into the dentine tuberceules; g,
branched cells of the pulp; ¢ developing enamel § ad, anmeloblasts ; &, vetieulum or
apongework of the enamel organ.,

the papilla. At this surface there is a well-marked layer of odonto-
blasts (fig. 263, od, fig. 264, ¢), and these produce a layer of dentinal
matrix which forms a sort of cap to the papilla, and which soon
becomes calcified by the deposition of globules of calcareous matter.
Processes of the odontoblasts remain in the dentine as it is forming,
and thus the dentinal tubules are produced. Subsequently other layers



222 THE ESSENTIALS OF HISTOLOGY.

of dentine are formed within the first by a repetition of the same
process, and in this way the papilla gradually becomes calcified. A
part, however, remains unaltered in the centre of the tooth, and with
its covering of odontoblasts forms the pulp.

The ten milk-teeth are formed in each jaw in the manner described.
These, however, become lost within a few years after birth, and are
replaced by permanent teeth in much the same way that a new succes-
sion of hairs oceurs. A small outgrowth takes place at an early period
from the dental germ close to each of the milk-teeth (fig. 259, , fp),
and this eventually becomes the germ of the corresponding permanent
tooth, It gradually enlarges, acquires a papilla, forms an enamel
organ : in short, passes through the same phases of development as

Fig., 264.—PART OF SECTION OF DEVELOPING TOOTH OF YOUNG RAT, SHOWING
THE MODE OF DEPOSITION OF THE DENTINE. (Highly magnified. )

a, outer layer of fully ealeified dentine; &, unealeified matrix, with a few nodules of
calearcous matter ; o, odontoblasts with processes extending into the dentine; d,
pulp. The section is stained with earmine, which colonrs the unealeified matrix,
but not the caleified part,

the germ of the milk-tooth ; and when the milk-tooth drops out of the
jaw in consequence of the absorption of its roots (by osteoclasts) the
permanent tooth grows up into its place.

There are six permanent teeth in each jaw which do not succeed
milk-teeth ; these are the permanent molars. (They are developed from
an extension backwards of the original epithelial thickening or com-
mon dental germ and by the downgrowth from this into the corium
of three successive special germs at comparatively long intervals of
time. Within these the tissues of the permanent molars become
formed in a manner exactly similar to that in which the milk-teeth
are developed.
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LESSON XXXI.

THE TONGUE; THE GUSTATORY ORGANS; THE MUCOUS
MEMBRANE OF THE MOUTH ; THE PHARYNX AND
(ESOPHAGUS.

1. Secrioss of the tongue vertical to the surface, stained with hiematoxylin
and eosin. The sections should be taken from different parts and include «/f
three kinds of papille.

2. Sections of injected tongue.

3. Sections of the papilla foliata of the rabbit, stained with liematoxylin
and eosin to show the taste-buds in situ.

The cells composing the taste-buds are studied by teasing csmic prepara-
tions of the papilla fcﬁiat.a : the nerve-endings are seen in sections of papilla
foliata which have been treated by Golgi's osmic-bichromate-silver methaod.

4. Sections of the pharynx and of the wsophagus stained with hema-
toxylin and eosin.

THE TONGUE.

The tongue is mainly composed of striated muscular fibres, running
some longitudinally, and others transversely. It is covered by a mucous
membrane, the epithelium of which, like that of the rest of the mouth,
is thick and stratified, and conceals microscopic papille (fig. 265) like
those of the skin. Besides these, the upper surface of the organ is
covered with larger papille, which give it a rough appearance. These,
which are termed the lingual pﬂpﬁﬁﬂ*, are of E]lluu kinds : (1) About
twelve or thirteen comparatively large cireular projections, each of
which is surrounded by a narrow groove (fossa), external to which
the mucous membrane is raised above the general level (vallum)
(fig. 266). These papille form a V-shaped line towards the back of
the tongue ; they receive filaments of the glosso-pharyngeal nerve,
and have taste-buds in the epithelium which covers their sides, and
in that of the side of the vallum. They are known as the circumovallafe
papille.  (2) All the rest of the papillary surface of the tongue is
covered by conical papille, so named from the conical pointed cap of
epithelinm  which is borne by each ; sometimes this cap is fringed
with fine epithelial filaments, when they are termed jfiliform (fig. 267).
(3) Scattered here and there amongst the conical papille are other
larger papille, the fungiform (fig. 268). These are very vascular,
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Fig. 2G5, —SECTION OF
MUCOU= MEMBRANE
OF MOUTH, SHOWING
THEEE MICROSCOPIC

.'r';;[n:‘l];'i‘ };r.;;“’;'ﬂt::' FiG. 266.—SECTION OF CIRCUMVALLATE PAPILLA,
THE BLOOD-VESSELs HUMAN. THE FIGURE INCLUDES ONE SIDE OF THE
i A T PAPILLA AND THE ADJOINING PART OF THE
(Toldt. ) varLLeM. (Magnified 150 diameters.) (Heitzmann. }
£, cpithelinm ; &, taste.-bud ; € corium with injected

blood-vessels ; M, gland with duet,

Fia. 267. - -BECTION OF TWO FILIFORM Fra. 268, —SECTION OF FUNGIFORM PAPILLA,
PAPILLE, HUMAN. (Heitzmann,) HUMAN. (Heitzmann.) (Letters as in
B, epithelium ; €, corium ; £, lymphoid previous figure. )

tizane; M, muscular fibres of tongue,

and lie partly embedded in little depressions of the mucous membrane.
Small tubular glands may be seen between the superficial musenlar
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fibres sending their duets to the surface.  Most of them secrete mucus,
but those which open into the trenches of the circumvallate papillie,
and a few others elsewhere, yield a serous secretion (glands of Ebner).

The mucous membrane at the back of the tongue contains a large
amount of lymphoid tissue.

Tue Taste-Bups.

The minute gustatory organs which are known as faste-buds may be
seen in sections which pass through the papille vallate or the papilla

Fic. 269, —ToxGUE OF RABBIT, SHOWIKG THE SITUATIOX OF THE
PAPILLE FOLIATE, p.
fungiformes ; they are also present here and there in the epithelium of
the general mucous membrane of the tongue, especially at the back and
sides, and occur also upon the under surface of the soft palate,”and on

Fia. 270.—VERTICAL SECTION OF PAPILLA FOLIATA OF THE RABBIT, PASSING
ACEOS2 THE FOLLE. (Ranvier.)

1, central lamina of the corium ; v, section across a vein, which traverses the whole
length of the folia; p', lateral lnmine in which the nerve-fibres run ; g, taste-bud ;
#, sections of nerve-bundles; o, serous gland,

the epiglottis. But they are most easily studied in the papille foliatw
of the rabbit, two small oval areas lying on either side of the back of

the tongue and marked transversely with a number of small ridges or
P
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lamine with intervening furrows (see fig. 269). Sections across the
ridges show numerous taste-buds embedded in the thick epithelium
which clothes their sides (fig. 270). 2

The taste-buds are ovoid clusters of epithelium-cells which lie in
cavities in the stratified upithnlium {ﬁg. 271). The base of the

~|-i‘\.
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Fig, 271.—SECTION THROUGH THE MIDDLE OF A TASTE-BUD. (Ranvier.)

», gnstatory pore; s, gustatory cell; r, sustentacular cell ; m, lymph cell, containing
fatty granules ; e, superficial colls of the stratified epithelium ; s, nerve-fibres,

Fig. 272.—VARIOUS CELLS FROM TASTE-BUD OF RABBIT. (Engelmann.)
(600 diameters.)

o eyl el S B
taste-bud rests upon the corium of the mucous membrane, and
receives a branch of the glosso-pharyngeal nerve; the apex is narrow
and communicates with the cavity of the mouth by a small pore in the
superficial epithelium (gustatory pore, fig. 271, p).

The cells which compose the taste-buds are of two kinds, viz:
1. The gustalory cells (fig. 272, a), which are delicate fusiform or
bipolar cells composed of the cell-body or nucleated enlargement, and
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of two processes, one distal, the other proximal. The distal process is
nearly straight, and passes towards the apex of the taste-bud, where it
terminates in a small, highly refracting cilium-like appendage, which
projects into the gustatory pore above mentioned, but the cell-hody
does not itself quite reach the pore. The proximal process is more
delicate than the other, and is often branched and wvaricose. The
nerve-fibres (fig. 273) terminate in ramifications amongst the gusta-

E—

Fia. 273 Fic. 274.
A
Fig. 273. —NERVE-ENDINGS IN TASTE-BUDS. ((. Retzius.)

s, nerve-fibres ; &, taste-buds in outline ; i, ending of fibrils within taste-bud ; p, ending
in epithelivm between taste-buds ; £, sulcus into which the gustatory pores open.

Fi6. 274.—8ECTION OF THE HUMAN ®S0PHAGUS.  (Drawn by V. Horsley. )

The section is transverse, and from near the middle of the gullet, o, fibrous covering ;
b, divided fibres of the longitudinal muscular coat; ¢, transverse muscular fibres ;
d, submueoue or areolar layer: « musealaris mucoss ; f, papillie of mucons mem-
brane ; g, laminated epithelial lining; &, mucous gland ; i, gland duct ; w', striated
muscular fibres in section.

tory cells (Retzius). 2. The sustentacular cells (fig. 272, ¢), which are
elongated cells, mostly flattened, and pointed at their ends; they lie
between the gustatory cells, which they thus appear to support, and
in addition they form a sort of envelope or covering to the taste-bud,
Between the cells of the taste-bud lymph-corpuscles are often seen,
having probably wandered hither from the subjacent mucous

membrane.
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THE PHARYNX AND (ESOPHAGUS.

The pharynx is composed of a fibrous membrane, which is encircled
by striated muscles, the constrictors, and lined by mucous membrane.
The mueous membrane is lined in the upper part of the pharynx and
on the upper surface of the soft palate with ciliated epithelium, which
is continuous with that of the nostrils, and through the Eustachian
tube with that of the tympanum. Below the level of the soft palate
the epithelinm is stratified like that of the mouth and gullet, into
which it passes. In certain parts the mucous membrane contains a
large amount of lymphoid tissue (especially at the back, where it forms
a projection which is sometimes termed the pharyngeal tonsil), and
there are numerous mucous glands opening on its surface.

The esophagus or gullet, which passes from the pharynx to the
stomach, consists, like the pharynx, of a filrous covering, a muscular
coat, a lining mucous membrane, and intervening connective tissue (sub-
mucous or areolar cont) (fig. 274). The muscular coat is much more
regularly arranged than that of the pharynx, and is composed of
striated muscle in about its upper third only, the rest being of the
plain variety. There are two layers of the muscular coat—an outer
layer, in which the fibres run longitudinally, and an inner, in which
they course circularly. The mucous membrane is lined by a stratified
epithelium, into which mieroscopic papille from the corlum project.
The corium is formed of areolar tissue, and its limits are marked
externally by a narrow layer of longitudinally disposed plain muscular
fibres, the muscularis mucose. This is separated from the proper
muscular coat by the areolar coat, which contains the larger branches
of the blood-vessels and lymphatics, and also most of the mucous
glands of the membrane. The ducts of these glands are large and
usually pass through a nodule of lymphoid tissie. Lymph-cells from
this tissue infiltrate the epithelium of the duct and may pass out into
the duet lumen.
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LESSON XXXII.
THE SALIVARY GLANDS.

1. Srupy sections of the submaxillary gland of a dog. The gland may be
hardened in alcohol and stained with hematoxylin, eosin, or with iron hwema-
toxylin by Heidenhain’s method. Notice the acini filled with clear (mucous-
secreting) cells, the nuclei of which usually lie near the basement-membrane.
Notice gere and there, outside the clear cells, demilunes or crescents of
small darkly stained granular-looking (albuminous) cells. Observe also the
sections of the duets with their striated columnar epithelinm. If possible
find a place where one of the duets is passing into the alveoli. :":‘skett:l}l under
a high power. '

2. Study sections of the parotid and sublingual glands prepared in a
similar way.

3. Examine small pieces of both submaxillary and parotid gland of the
dog fresh in 2 per cent. salt solution. In the submaxillary gland notice
that the alveolar cells are swollen out with large granules or droplets of
mucigen, which swell up in water to form large clear vacuoles. Dilute
acids and alkalies produce a similar change but more rapidly. The cells of
the parotid gland are also filled with granules, but they are smaller. They
are also swollen up and dissolved by these fluids. Make a sketch from each
preparation under a high power.

4. To study the changes which the alveolar eells undergo during secretion,
pilocarpine iz injected subeutaneously into an animal in sufficient amonnt to
produce copious salivation ; after half an hour the animal is killed and its
salivary glands are examined as in preparation 3. The granules are not seen
in preparations that have been in alcolol, but osmic acid preserves them
mn&amte]}r well ; they are best seen in the fresh tissue,

i

The salivary glands may be looked upon as typical of secreting
glands in general. They are composed of a number of lobules bound
together loosely by connective tissue. Hach small lobule is formed
of a group of saccular or somewhat tubular alveoli or acini from which
a duct passes, and this, after uniting with other duets to form larger
and larger tubes, eventually leaves the gland to open upon the surface
of the mucous membrane of the mouth,

The alveoli are inclosed by a basement-membrane, which is reticular
(fig. 275). It may be shown by teasing the fresh gland substance in
water (Langley). This basement-membrane is continued along the
duets.  Within it is the epithelium, which in the alveoli is composed of
polyhedral cells (fig. 276, a), but in the ducts is regularly columnar,
except in that part of the duct which immediately opens into the



230 THE ESSENTIALS OF HISTOLOGY.

alveoli (junctional part); in this it is flattened (d'). The columnar
epithelium of the duets is peculiar, in that the cells show a distine-
tion into two unequal zones, an outer, larger, striated zone, and an
inner, smaller, granular one (fig. 276, d).

The cells of the alveoli differ according to the substance they secrete.
In alveoli which secrete muecus, such as all the alveoli of the dog's

Fic. 275.—MEMBERANA FROPRIA OF TWO ALVEOLI 150LATED. (R. Heidenhain.)

The preparation is taken from the orbital gland of the dog, which is similar in structure
to a mueous salivary gland.

Fia. 276.—SECTION OF THE SUBMAXILLARY GLAND OF THE DOG, SHOWING THE
COMMENCEMENT OF A DUCT IN THE ALVEOLL (Magnified 425 diameters. )

o, one of the alveoli, =everal of which are in the section shown ped around the com-
mencempent of the duct d°; @, an alveolus, not opened by the section ; b, basement-
membrane in section ; ¢, intorstitial connective tissue of the gland ; o, section of a
duct which has passed away from the alveoli, and is now lined with characteristically
mt:_riatenll columnar cells ; &, semilunar group of darkly stained cells at the periphery
of an alveolns.

submaxillary (fig. 277), and some of the alveoli of the same gland in
man (fig. 279), the cells, if examined in normal saline solution or after
hardening with alcohol, are clear and swollen. But if examined.
rapidly in serwmn, or in solutions of salt of from 2 to 5 per cent.,
they are seen to be occupied by large and distinet granules (Langley),
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formed of a substance which is known as mucigen (fig. 281, a). The
mucigen is dissolved out of the cell and discharged as mucus into the
lumen of the alveolus and into the ducts, when the gland is stimulated
to activity. The cells are known as mucous cells. But in each alveolus
there are some smaller cells which do not contain mueigen, but small

Frz. 277.—SECTION OF A Do 's BUBMAXILLARY, AFTER A PROLONGED PERIOD OF
rE=T. [Ranvier.)
I, lnmen of alveolua ; g, mucus-secreting cells ; ¢, crescent, formed of albuminons cells,

albuminous granules, and these often form crescentic groups which lie
next to the basement-membrane (figs. 276, s, 277, ¢). These are the
so-called crescents of Gianuzzi ; their constituent cells are known also as

Fro. 278. — BUBMAXILLARY OF DOG, AFTER A PERIOD OF ACTIVITY. (Ranvier.)
The muens-seoreting cells, g, have discharged their sscretion, and are smaller and stain
T

ttér ; the albuminous cells of the crescents, ¢, are enlarged.
marginal or albuminous cells. Special diverticula pass from the lumen
of the alveoli between the mucous cells to penetrate to the crescents
and to branch amongst their constituent cells; these diverticula are
best shown by the Golgi method of staiming (fig. 282). In alveoli,
on the other hand, which do not secrete muecus, but watery or albuminous
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saliva, such as the parotid in all animals, and some of the alveoli of the
human submaxillary, all the cells are filled with small granules when
the gland is at rest, which do not swell with water nor form mucin ;
they appear to be albuminons in nature, and probably yield to the

Fig. 279.—SECTION OF PART OF THE HUMAN SUBMAXILLARY GLAND,
(Heidenhain. )

To the right of the figure is a group ul‘] ml“:nm; alveoli ; to the left a group of serous
alveoli.

secretion of the gland its ferment (ptyalin) and its albumen. The
granular substance within the cell is not the ferment, but the ferment
is formed from it when the seeretion is poured out. Hence it has
been termed zymogen (mother of ferment). As Langley showed, the

FiG. 280.—ALVEOLI OF A SEROUS GLAND. A, AT REST. B, AFTER A SHORT PERIOD
OF ACTIVITY. C, AFTER A PROLONGED PERIOD OF ACTIVITY. (Langley.)

In A and B the nucled are obsonred by the granules of zymogen.

outer part of each cell becomes clear and free from granules after
secretion (fig. 280),

The largest ducts have a wall of connective tissue outside the
basement-membrane, and also a few plain musecular cells.  The blood-
vessels of the salivary gland form a capillary network around each
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alveolus. The lymphatics commence in the form of lacunar vessels
encircling the alveoli. The nerve-fibres, which are derived both from
the cerebro-spinal nerves and from the sympathetie, have only recently

Fic. 281. —Mucous CELLS FROM FRESH Fig, 282, —ALVEOL]I OF THE HUE-
SUBMAXILLARY GLANDS OF THE MG, MAXILLARY GLAND OF THE DOG,
(Langley.) ((;. Retzing. ) Chromate of silver

a, from a resting or loaded gland ; & from a method.
gland which has been secreting for some The extensions of the lumen into the
time; o, &, similar cells which have been crescents of Gianuzel are shown, and
treated with dilute acid. also the endings of the nerve-fibrils.

been satisfactorily traced to their termination; they ramify as fine
varicose fibrils amongst the alveolar cells (fig. 282). The salivary
glands are developed as buds from the epithelium of the buecal cavity.
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LESSON XXXIIL

THE STOMACH.

1. Verricarn longitudinal sections through the cardia, including the lower
end of the cesophagus and the adjacent cardiac portion of the stomach.
These are intended to show the abrupt transition of the stratified epithelium
of the wesophagus into the columnar epithelium of the stomach, and also the
character of the gastric glands in the immediate neighbourhood of the
cardia. The tissue may be stained in bulk with carmalum, and the sections
passed through picric acid dissolved in aleohol, or the sections may be
stained with haematoxylin and eosin.

2. Sections of the fundus of the d%s stomach, cut perpendicularly to the
surface of the muecous membrane. e tissue is stained with hemalum or
methyl-blue, and eosin, and the sections are mounted in Canada balsam.

In these sections the general arrangement of the coats of the stomach is to
e studied, and sketches are to be made under a low power illustrating this
arrangement, and others under a high power showing the structure of the
glands of the mucous membrane.

Measure the whole thickness of the mucous membrane, the thickness of
the muscular coat, the size of the columnar epithelium-cells of the surface,
and that of the cells in the deeper parts of the glands. '

3. Sections of the mucous membrane of the fundus, cut parallel to the
surface.

These sections will show better than the others the arrangement of the
cells in the glands, :

4. Vertical sections of the mucous membrane from the pyloric region of
the dog’s stomach. If the section is taken longitudinally through the
pylorus, the transition of the gastric glands into the glands of Brunner
of the duodenum will be made manifest. Make a sketch under a low power
of one of the glands in its whole length, filling up some of the details with
the high power.

5. Study the arrangement of the blood-vessels of the stomach in vertical
sections of the wall of an organ the vessels of which have been injected.

The wall of the stomach consists of four coats, which, enumerated
from without in, are as follows, viz.: serous, muscular, areolar, or sub-
matcons, and mucous membrane.

The serous coat is a layer which is derived from the peritoneum. It
iz deficient only along the lines of the lesser and greater curvatures.

The museular coat consists of three layers of plain museular fibres.
Of these the bundles of the outer layer run longitudinally, those of
the middle layer circularly, and those of the inner layer obliquely.
The longitudinal and eircular bundles become thicker and stronger
towards the pylorus, at which they pass into the corresponding layers
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of the small intestine ; at the pylorus itself the civeular layer is greatly
thickened to form the sphincter musele. The oblique fibres are only
present mn the left or cardiac part of the stomach.

The areolar or submucous coat is a layer of areolar tissue, which serves
to unite the mucous membrane loosely to the muscular coat; in it
ramify fthe larger branches of the blood-
vessels and lymphaties.

The mucous membrane is a soft thick
layer, generally somewhat corrugated in
the empty condition of the organ. Its
inner surface is covered by long columnar
epithelium cells, all of which secrete
muecus.  They are prolonged into the
ducts of the glands, but when these
divide to form the tubules the cells be-
come shorter (cubical). The thickness of
the mucous membrane is due to the fact
that it i1s largely made up of long tubular
glands, which open upon the inner surface.
Between the glands the mucous membrane
is formed of retiform with some lymphoid
tissue. Externally it is bounded by the
muscularis mucose, which consists of an
external longitudinal and an inner circular
layer of plain muscular fibres.

Gastric glands,—These are formed of a
basement-membrane lined with epithelinm.
Fach gland consists of seerefing tubules from
one to four in number, opening at the
surface into a larger tube, the duct of the
gland. The duct is in all cases lined by
columnar epithelinm of the same character SRR ESEE s,
as that which covers the inner surface of Fé. 283 —LisGkam oF SECTION

- 4 THROUGH THE COATS OF THE
the mucous membrane, but the epithelium  stomacn.  (Mall.)

of the secreting tubules is different from ™ Muceus membrane: ¢ epithelium ;
this, and also differs somewhat in the Lﬂ;ﬂ‘;“;‘:ﬁ&ﬁﬁkﬁ“ﬂﬁt?]rfl-g;g
glands of different regions of the organ. fudinal muscular layer; s scrous
The following varieties are met with :—

(1) Glands of the cardia.—These are found close to the msophageal
opening or cardia (fig. 284) ; they are long and usually simple. Their
secreting tubules are lined by cells which are granular in appearance

and of a short columnar form, and of the same nature throughout the
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length of the tubule, except near the orifice (duet), where they give
place to columnar mucus-secreting cells. These glands were first
described in the kangaroo, but have since been shown to be of

general oceurrence.
(2) Glands of the fundus or oxyntic glands (figs. 285, 286, 287).—In these
glands the tubules are also long, and the duet short. The epithelium of
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MEMERANE OF THE KANGAROO. (135 diameters. )
5 stratified epithelivm continnous with that of esophagus abruptly discontinued

at & e, columnar epithelium of gastric mucons memhbrane, continuous with lower-
most columnar cells of .‘rlnlpnl'_g'lli:m layer of sophageal epithelivm ; o, orifices or
dunets of cardine glands ; m, corfum of esophageal mucous membrane mmi!,ng papilla:
into the epithelinm ; o', corium of gastric mucous membrane,
the tubules is composed of two kinds of cells. Those of the one kind,
which form a continuous lining to the tubule, are somewhat polyhedral in
shape, and in stained sections look clearer and smaller than the others,
but in the fresh glands, and in osmie preparations, they appear filled with
granules (fig. 286). The granules are most numerons at the inner part

of the ecell, an outer zone being left clear. After prolonged activity
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Fic. 286.—A FUNDUS GLAND OF
SIMPLE FORM FROM THE BAT'S
STOMACH. (Osmic aecid pre-
paration.] (Langley.)

¢, columnar epitheliom of the sur-

fface; n, neck of the gland with
central and parietal cells ; r, base,
occupied only by principal or
central cells, which exhibit the
granules acenmulated towards the
lnmen of the gland.

Fig. 280.—A FUNDUS GLAND FROM THE D0G'S 8TOMACH. (Highly magnified.) (Klein.)

o, duct or mouth of the gland ; b, base of one of its tubules. On the right the base of a
tubule more highly magnified ; ¢, central cell ; p, parietal cell.
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Fia. 287.—SECTIONS OF THE MUCOUS MEMBRANE OF THE FUNDUS OF THE CATS
STOMACH TAKEN ACROSS THE DIRECTION OF THE GLAKDSE,

A. Section passing close to but not gquite parallel to the surface, and ineluding on the left
the gland ducts and on the right the commencing gland tubules. Notice the oxyntic
colls beginning to appear between the mucus-geereting cells of the docts and gland-

necks,
. Section passing through the deepest part of the glands, showing the chief cells sur-

rounding the lumen, and the oxyntic cells altogether outside ;
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this outer zone increases in size while the granules diminish in number
as in the analogous cases of the pancreas and parotid glands (Langley).
These cells are believed to form pepsin, and are termed the chief cells
of the cardiac glands, or from their relative position in the tubule
immediately surrounding the lumen, the cenfral cells. Secattered along

Fic, 288 —A FUNDUS GLAND Fic. 289 —A PYLORIC GLAND,
PREPARED BY GOLGI'S METHOD, FROM A SECTION OF THE DOG'S
SHOWING THE MODE OF 00OM- sTOMACH. | Ebstein.)
MUNICATION OF THE PARIETAL

: S L : : wi, nouth § #, neck ; tr, a deep portion
CELLS WITH THE GLAND-LUMEN. of & tubule cut transverasly.

(E. Miiller.)

the tubule, and Iying between the chief cells and the basement-mem-
brane, are a number of large spheroidal or ovoidal cells, which become
stained by most reagents more darkly than the central cells. These
are the parietal cells or oxyntic cells! Each parietal cell is surrounded
by a network of fine passages, communicating with the lumen of
the gland by a fine canal, which passes between the central cells
(fig. 288), but in the neck of the gland the parietal cells abut against

180 called becanse they are believed to produce the acid of the gastric secretion.
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the lumen, being here wedged in between columnar and cubical
mucus secreting cells (fig. 287, A).

(3) Pyloric glands (fig. 289).—In these the ducts are much longer than
in the fundus glands, and the secreting tubules possess cells of only
one kind.!  These correspond to the chief cells of the fundus glands,
but are not quite identical with them in appearance, the granules
(of zymogen) being much less distinet. The cells are of a columnar or
cubical shape, and in the fresh condition of a granular appearance, and

Fia, 20, —SECTION THROUGH THE PYLORUS, INCLUDING THE COMMENCEMENT OF
THE DUODENUM, (Klein.)

v, villi of duodenum; &, apex of a I]"I]]:Phﬂiﬂ nodule; ¢, erypts of Lieberkiihn ; s, secretin
tubules of Brunner's glands ; o, ducts of mhﬂc glands of the stomach ; g, tuhes
these glands in mucous mcmhmnu ¢, dee (lmr Ixing tubes in submucosa, eurrnupund
ing to secreting tubules of Brmmm‘a- gl:um of d.uod.auum #it, mouscularis mucose,

quite unlike the columnar epithelium-cells of the surface, which are
long tapering cells, the outer part of which is filled with muecigen.

At the pylorus itself these glands become considerably lengthened
and enlarged, and are continued into the submucous tissue, the
muscularis mucosie being here absent ; they thus present transitions
to the glands of Brunner, which lie in the submucous tissue of the
duodenum (fig. 290).

The b!nm’.-wsmfs of the stomach are very numerous, and pass to the
organ along its curvatures. The arteries traverse the muscular coat,
giving off branches to the capillary network of the muscular tissue,

hl In man it is only quite ncar the pylorus that oxyntic cells are altogether
abaent.
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and ramify in the areolar coat. From this, small arteries pierce the
muscularis muecose, and break up into capillaries near the hases of
the glands (fiz. 291). The capillary network extends between the
glands to the surface, close to which it terminates in a plexus of
relatively large venous capillaries which encircle the mouths of the
glands. From this plexus straight venous radicles pass through the
mucous membrane, pierce the muscularis mucosw, and join a plexus
of veins in the submucous tissue. From these veins blood is earried
away from the stomach by efferent veins, which accompany the enter-
ing arteries.

Fig. 201.-—PLAX OF THE BLOOD-
VESSEI® OF THE STOMACH.
(Modified from Brinton.)

mall nrteries passing to break up , ey . R ot T

& oto the fine capillars network. o, F1G. 202.—LYMPHATICS OF THE HUMAN GASTRI

between the glands; b, coarser MUCOUS MEMBRANE, INJECTED. (. Lovén.)

capillary mnetwork arvound the The tubules are only faintly indicated ; o, muscularis

mouths of the glands; e, e, veins .
::;;it;‘:g wrtic-atlg‘ downwards from mucoss: ; b, plexus of fine vessels at base of glands;
the superficial network ; ¢, larger e, plexus of larger valved lymphatics in submucosi.

5 &y 4d g

veasels in the submuaeosa,

The lymphatics (fig. 292) arise in the mucous membrane by a plexus
of large vessels dilated at intervals, and looking in sections like clefts
in the interglandular tissue. From this plexus the lymph is carried
into large valved vessels in the submucous coat, and from these,
efferent vessels pass through the muscular coat to reach the serous
membrane, underneath which they pass away from the organ. The
muscular coat has its own network of lymphatic vessels. These lie
between the two principal layers, and their lymph is poured into
the efferent lymphatics of the organ.

The nerves have the same arrangement and mode of distribution as

those of the intestine (see next Lesson).
Q
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LESSON XXXIV.

1. Secrions of the duodenum, jejunum, and ileum, vertical to the surface.
The three parts of the intestine may be embedded in the same paraffin block,
and the sections stained and mounted together. Choose a part of the ileum
which includes a Peyer's patch. Observe the nodules of lympboid tissne
which constitute the ].mtcEaand which extend into the submucous tissne,
Observe the lymphoid cells in the superjacent columnar epithelium. Notice
also the sinus-like lyvmphatic or lacteal vessel which encircles the base of
each nodule. In the f{)umienum study the glands of Brunner in the sub-
mucous tissne. Make a general sketch of each section under a low power
and draw a villus under the high power. The general arrangement and
structure of the intestinal wall is to be studied in these sections.

2. Bections parallel to the surface of the intestine, and therefore across the
long axis of the villi and glands of the mucous membrane. In order to kee
the sections of the villi together so that they are not lost in the mounting, it
i# necessary either to embed in celloidin or, if paraftin be used, to employ an
adhesive method of mounting.

In this preparation, sketch the transverse section of a villus and of some
of the crypts of Lieberkithn.

3. To study the process of fat-absorption, kill a frog two or three days
after feeding with bacon fat. Put a very small shred of the mucous mem-
brane of the intestine into osmic acid (05 per cent.) and another piece into
a mixture of 2 parts Miiller's fluid and 1 part osmic acid solution (1 per
cent.). After forty-eight hours teased preparations may be made from the
osmic acid preparation, in the same manner as directed in Lesson VIL, § 2.
The piece in Miller and osmic acid may be left for ten days or more in the
fluid. When hardened, sections are made either by the freezing or paraffin
method.

4. Sections of small intestine the blood-vessels of which have been injected.
Notice the arrangement of the vessels in the several layers. Sketch carefully
the vascular network of a villus.

5. From a piece of intestine which has been stained with chloride of gold
tear off bma.cf strips of the longitudinal muscular coat, and mount them in
glycerine. It will generally be found that portions of the nervous plexus of
Auerbach remain adherent to the strips, and the plexus can in this way easily
be studied.

From the remainder of the piece of intestine tear off with forceps the fibres
of the cireular muscular layer on the one side, and the mucous membrane on
the other side, so as to leave only the submucous tissue and the muscularis
mucosge. This tissue is also to be mounted flat in glycerine : it contains the
plexus of Meissner.

Sketch a small portion of each plexus under a high power. The plexus
ean also be St-lldil‘.‘{f by the methylene-blue method (see Appendix).

6. Sections of the large intestine, perpendicular to the surface. These will
show the general structure and arrangement of the coats. Sketch under a
low power.

7. Sections of the mucous membrane of the large intestine parallel to the
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surface, and therefore across the glands. Sketch some of the glands and the
interglandular tissue under a high power.

8. The arrangement of the blood-vessels of the large intestine may be
studied in sections of the injected organ.

THE SMALL INTESTINE.

The wall of the small intestine consists, like the stomach, of four
coats,

The serous coat is complete except over part of the duodenum.

The muscular coat is composed of two layers of muscular tissue,
an outer longitudinal and an inner circular. Between them lies a

FiG. 203.—PLEXUS OF AUERBACH, BETWEEN THE TWO LAYERS OF THE MUSCULAR
COAT OF THE IXTESTINE. (Cadiat. )

network of lymphatic vessels and also the close gangliated plexus
of non-medullated nervefibres known as the plerus myentericus of
Auerbach. The ganglia of this plexus may usually be seen in vertical
sections of the intestinal wall (in figs. 298, 299), but the plexus, like the
one in the submucous coat immediately to be deseribed, can only be
properly displayed in preparations made with chloride of gold (fig. 293)
or methylene-blue or by Golgi’'s method.

The submucous coaf is like that of the stomach ; in it the blood-vessels
and lacteals ramify before entering or after leaving the mucous
membrane, and it contains a gangliated plexus of nervefibres—the
plexus of Meissner—which is finer than that of Auerbach and has fewer
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Fre. 205, —NERVES OF THE MUCOUS MEMBRANKE OF THE HMALL INTESTINE.
{S. Ramén y Cajal.)

M, part of Meissner's plexus; a.f, small nerve-cells in the tissue of the mucous
membrane and villi.
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ganglion-cells (fig. 294). TIts branches are chiefly supplied to the
muscular fibres of the mucous membrane, but also to the glands and
villi (fig. 295).
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F1a. 206, —BECTION OF THE SMALL INTESTINE (JEJUNUM) OF CAT.
{Magunified about 40 diameters. )

The mucous membrane is bounded next to the submucous coat by a
double layer of plain muscular fibres (musculoris mucose).  Bundles
from this pass inwards through the membrane towards the inner
surface and penetrate also into the villi. The mucous membrane proper
is pervaded with simple tubular glands—the erypts of Lieberkidin—which
are lined throughout by a columnar epithelium like that which covers
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the surface and the villi. The mucous membrane between these glands
is mainly composed of lymphoid tissue, which is aggregated at intervals

Fic. 297. —CROSS-SECTION OF A SMALL FRAGMENT OF THE MUCOUS MEMBRANE
OF THE INTESTINE, INCLUDING ONE ENTIRE CRYPT OF LIEBERKUHN AND PARTS
OF THREE OTHERS. (Magnified 400 diameters.) (Frey.)

a, cavity of the tubular glands or erypts; f, one of the lining epithelinm-cells ; ¢, the
interglandular retiform tissue ; o, Iymph-cells.

into more solid nodules constituting when they oceur singly the
so-called solifary glands of the intestine (fig. 298), and when aggregated

FiG. 2U8.-—SECTION OF THE ILEUM THROUGH A LYMPHOID NODULE. (Cadiat.)

i, middle of the nodule with the lymphoid tissue pa fallen & from the section ;
b, epithelium of the intestine ; ¢, villi : their epithelium is ¥ broken away ; o,
crypts of Lieberkiihn,

together form the agminated glands ov patehes of Peyer (fig. 302). The
latter occur chiefly in the ileum.

The glands of Brunmer, which have been already noticed (p. 240),
oceur in the duodenum. They are small tubulo-racemose glands in the
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submucosa ; they send their ducts to the inner surface of the mucous
membrane between the erypts of Lieberbkiihn.
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Fia. m‘—ﬂﬁmnﬁ F DUODENDM OF CAT, SHOWING BRUNYER'S GLANDS.
(Magnified about 60 diameters. )
The willi with which the whole of the inner surface of the small
intestine is closely beset are clavate or finger-shaped projections of the
mucous membrane, and are composed, like that, of retiform tissue
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covered with columnar epithelium (fig. 300). The characters of this

Fia. 30, —LONGITUDINAL SECTION OF A VILLUS FROM A RAT KILLED Tﬁm HOURS
AFTER FEEDING WITH BREAD AND WATER.

The columnar epithelium shows numerous lymph-corpuscles between the cells ; {, lncteal,
containing lymph-corpuscles; e, some partly disintegrated.

Fi6. 300 A.—CROS5-8ECTION OF AN INTESTINAL VILLUS, NEAR ITS BASE.

gy eolumnar cpithelium ; g, goblet-cell, its mucus i3 seen partly extruded; I, pala-
Ww’lﬂ betwoen the epithelium.cells ; &, basement-membrane; ¢, pil-
s 3 e, section of plain musenlar fibres ; e.f, central lacteal.

epithelium have bheen already described (Lesson VIL). Between and
at the base of the epithelium-cells many lymph-corpuseles oceur, as well
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as in the meshes of the retiform tissue,
hasement-membrane formed of Hattened cells.

249

The epithelium rests upon a
[n the middle of the villus

is a lacteal vessel which may be somewhat enlarged near its commence-

ment, but the enlargement is
replaced in  some by
a network of lacteals. Sur-
rounding this vessel are small
bundles of plain museular tissue
prolonged from the muscularis
mucose. The network of blood-
capillaries (figs. 300, 301) lies for
the most part near the surface
within
it is supplied with blood by a
small artery which joins the capil-
lary network at the base of the
the
generally rises near the extremity.

The lymphatics (lacteals) of the
mucous membrane (fig. 302), after
receiving the eentral lacteals of the
villi, pour their contents into a

animals

the basement-membrane ;

villus ; corresponding  vein

plexus of large valved lyvmphatics
which lie in the submucous tissue
and form sinuses around the hases
of the lymphoid nodules. From
the submucous efferent
vessels pass through the muscular
coat, receiving the lymph from an
intramuscular plexus of lymphaties,
and are conveyed away hetween
the lavers of the mesentery.
Absorption of fat.—In order to
study the process of fat transfer-
ence in the intestine, it is con-
venient to stain the fat with osmic
acid, which colours it black. It can
then be observed that in animals

tissue

Fi..

301, — SMALL
TRANSVERSE SECTION), WITH THE BLOGI-

INTESTINE (VERTICAL

{Heitzmanmn. )

F,a villus; ¢, glands of Lieberkiihng Af, mus-
cularis mucoss ; A, areclar coat ; K, cireular
muscular coat: L, longitudinal musenlar cont ;
P, peritoneal coat.

VERSELS 1NJECTED.

which have been fed with food containing fat, particles of fat are present
(1) in the columnar epithelium-cells ; (2) in the lymph-cells ; and (3) in

the central lacteal of the villus,

The lymph-cells are present not only

in the reticular tissue of the villus, but also in considerable numbers
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Fic. 302.—VERTICAL SBECTION OF A PORTION OF A PATCH OF PEYER'S GLANDS
WITH THE LACTEAL VESSELS INJECTED. (32 diameters.) (Frey.)

The specimen is from the lower part of the ileum: a, villi, with their lneteals left white ;
b, some of the tubular glands; e, the mum..ulrtr Iajrar of the mucons membrane ;
d cupola or projecting part of the nodule : e, central part ; 7, the reticulated lacteal
Fosanla oceupying the lymphoid tissue between the !I]Ddu].ﬂu oined above by the
lacteals from the villi and mucous surface, and passing below into g, the sinus-like
lacteals under the nodnles, which again pass into th&%&l‘gv efferent lacteals, o ; i,
part of the muscular coat.

1 = sl
&R st
Fig. 303, —SECTION OF THE VILLUS OF A BAT KILLED DURING FAT-ABSORPTION.

&n, &]:v-it-halmm gfr, striated border; e, lymph-cells ; ¢, lymph-cells in the &pi.th.elium
I, central lacteal containing ehyle and d!x{ntagmt.‘-ng lymph-corpuscles
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between and at the base of the epithelium-cells ; and they can also be
seen in thin sections from bichromate-osmic preparations within the
commencing lacteal ; in the last situation they are undergoing disintegra-
tion (figs. 303, 304). These observations are easily made in the frog.
Since the lymph-cells are ameeboid, it is probable from these facts
that the mechanism of fat-absorption consists of the following processes
—viz. (1) absorption of fat into the columnar epithelium-cells of the
surface ; (2) inception of fat by lymph-corpuscles in the epithelium,
these taking it up after it has passed out of the epithelium-cells ;
(3) migration of lymph-corpuscles carrying fat particles through the
tissue of the villus and into the central lacteal ; (4) disintegration and
solution of the immigrated lymph-corpuscles, and setting free their
contents. Since fat particles are never seen in the striated border of

Fic. 34.—MuUcoUs MEMBRANE OF FROG'S INTESTINE DURING FAT-ABSORPTION.
ep, epithelinm ; ste, striated border; ¢, lymplh-corpuscles ; §, lacteal.
the columnar cell it is probable that the fat first becomes saponified by
the action of the digestive juices, and reaches the epithelinm-cell in the
form of dissolved soap; the fat which is seen and stained by osmic acid
within the cells having become re-formed by a process of synthesis.
This migration of the lymph-corpuscles into the lacteals of the
villi is not a special feature of fat-absorption, but occurs even when
absorption of other matters is proceeding (fig. 300); so that the
transference of fat-particles is merely a part of a more general pheno-
menon accompanying ahsorption.

THE LARGE INTESTINE.

The large intestine has the usual four coats, except near its termina-
tion, where the serous coat is absent. The muscular coaf is peculiar in
the fact that along the ciecum and colon the longitudinal muscular
fibres are gathered up into three thickened bands which produce
puckerings in the wall of the gut.

The wmucous membrane of the large intestine is beset with simple
tubular glands somewhat resembling the crypts of Lieberkiihn of the
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OF THE LARGE INTESTINE OF CHILI.

Fiz, 303, —Grasns

-

F1G. 306, — CROSS SECTION OF GLANDS OF LARGE INTESTINE OF CHILD. (300 diameters.)
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small intestine, and lined by columnar epithelium similar to that of
the inner surface of the gut, but containing many more mucus-secreting
or goblet-cells (fig. 305). The extremity of each gland is usually
slightly dilated. The interglandular tissue is a retiform tissue (fig.
306) and is beset here and there with solitary (lymphoid) glands,
especially in the cwenm. The mucous membrane of the vermiform
appendix is in great part of its extent packed full of similar lymphaoid
nodules. The arrangement of the blood-vessels and lymphaties in the
large intestine resembles that in the stomach. The nerves of the large
intestine also resemble those of the stomach and small intestine in their
arrangement.

At the lower end of the rectum the cireular muscular fibres of the
gut become thickened a little above the anus to form the infernal
sphincter muscle.  In the anal region also there are a number of
compound racemose mucous glands opening on the surface of the
muecous membrane (anal glands). The anus has a lining of stratified
epithelium continuous with that of the skin.
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LESSON XXXV,
STRUCTURE OF THE LIVER AND PANCREAS.

1. Make sections of liver from pieces hardened in Muller’s fluid, and study
them carefully with a low and high power. Sketch the general arrangement
of the cells in a lobule under the %nw power; and under t%l& high power make
very careful drawings of some of the hepatic cells and also of a portal canal.
If from the pig, the ontlines of the lﬂl})]ulm are observed to be very well
marked.

2. To observe the glycogen and the iron-containing pigment within the
liver-cells, kill a rabbit or rat (for glycogen preferably about six hours after a
full meal of carrot), and at once throw a thin piece of the liver into 96 per cent.
alcohol. When well hardened the piece may be embedded in parathin in the
usual way, or sections may be cut with the free hand without embedding.
Some of the sections so obtained are to be treated with a 1 per cent. solu-
tion of iodine in potassic iodide for five minutes ; they may then be mounted
in a nearly saturated solution of potassium acetate, the cover-glass being
cemented with gold size. These are to exhibit the glycogen within the liver
cells,  Other sections are to be treated first with potassic ferrocyanide solu-
tion and then with hydrochloric acid and alecohol (1 to 10), passed through
absolute aleohol into xylol and mounted in xylol balsam; in these many of
the pigment granules will be stained blue (presence of iron) ; or the sections
may simply be placed in an aqueous solution of hematoxylin (1 to 300),
with or without previous treatment with alcohol containing 10 parts per
cent. hydrochloric acid (to set free organically combined iron), after which
they are mounted in the ordinary way (Macallum’s method).

3. Study, first with the low power and afterwards with a high power, a
section of the liver in which the blood-vessels have been injected from the
portal vein. Occasionally the injection will be found to have penetrated
into canaliculi within the liver cells themselves. Make a general sketch of
a lobule under the low power and draw a small part of the network of
capillaries under the high power.

4. Take a small piece of liver which has been several weeks in 2 per cent.
bichromate of potassinm solution or Miller's fluid and plunge it in 1 per
cent. nitrate of silver solution, changing the fluid after haﬁ' an hour. Leave
the piece of liver in the silver solution overnight. It may then be trans-
ferred toalcohol, and after complete dehydration embedded and ent in paraffin
in the vsual way and the sections mounted in Canpada balsam. In many
parts of such sections the bile canaliculi are seen. ;

They can also be brought to view at the periphery of the lobules by injec-
tion with solution of Berlin blue from the hepatic duet, or throughout the
whole of the lobule by injecting about 60 e.c. of saturated sulphindigotate of
soda solution in three successive portions, at intervals of half an hour, into
the blood-vessels of a cat or rabbit fnfra eitam, and two hours after the last
injection killing the animal, washing out the blood-vessels with saturated
solution of potassinm chloride and fixing with absolute alcohol ; but the
chromate of silver method is far easier and surer than the injection methods.

5. Tease a lpiece of fresh liver in serum or salt solution for the study of the
appearance of the hepatie cells in the recent or living condition.
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6. Stained sections of pancreas from a gland which has been hardened in
alcohol, or in formol followed by a]cuhn% Small pieces of the gland are
stained in bulk with carmalum and the sections, after differentiation with
alcoholic solution of picric acid, mounted in the usual way in Canada

halsam.
Make sketches under both low and high power.

7. Tease a small piece of fresh pancreas in serum or salt solution. Notice
the granules in the alveolar cells, chiefly accumulated in the half of the cell
which is nearest the lumen of the alveolus, leaving the outer zone of the cell
clear.

Sketch a small portion of an alveolus under a high power.

T LIVER.

The liver is a solid glandular organ, made up of the hepatic lohules.
These are polyhedral masses about 1 mm. (5% inch) in diameter,

Fig. 307.—SECTION OF A FORTAL CANAL.
a, hranch of hepatic artery ; », branch of portal \f{:illél d, bile-duet ; £, I, lymphatics in
t 1i

he arcolar tissue of Glisson's capsule whith incloses the veasels,

composed of cells, and separated from one another by connective tissue.
In some animals, as in the pig, this separation is complete, and each
lobule is isolated, but in man it is incomplete. There is also a layer of
connective tissue underneath the serous covering of the liver, forming
the so-called capsule of the organ,

The blood-vessels of the liver (portal vein and hepatic artery) enter
it on its under surface, where also the bile-duct passes away from
the gland. The branches of these three vessels accompany one another
in their course through the organ, and are inclosed by loose connective
tissue (capsule of Glisson), in which are lymphatic vessels, the whole
being termed a portal canal (fig. 307). The smallest branches of the
vessels penetrate to the intervals between the hepatic lobules, and are
known as the interlobular branches. The blood leaves the liver at the
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back of the organ by the hepatic veins; the branches of these run
through the gland unacecompanied by other vessels (except lymphatics)

Fia. 308, —DIAGRAMMATIC REPRESENTATION OF TWO HEPATIC LOBULES.

The left-hand lobunle iz represented with the intralobular vein cut acros= ; in the right-
hand one the section takes the course of the intealobular vein, @, intralobular
branches of the portal vein; &, intralobular branches of the hepatic veins ; s sub-
lobular vein ; e, eapillaries of the lobules. The arrows indicate the direction of the
conrse of the blood.  The liver-cells arve only represented in one part of each lobule,

Fie, 300, —SECTION OF RAEBIT'S LIVER WITH THE INTERCELLULAL NETWORK OF
BILE-CANALICULI INJECTED. (Highly magnified.) (Hering.)

Two or three layers of cells are represented ; b, blood-capillaries. '

and can also be traced to the lobules, from each of which they receive a
minute branch (intralobular vein) which passes from the centre of the

lobule, and opens directly into the (sublobular) branch of the hepatic
vell.
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Each lobule is a mass of hepatic cells pierced everywhere with a
network of blood-capillaries (fig. 308), which arise at the periphery
of the lobule, there receiving blood from the interlobular branches
of the portal vein ( p), and converge to the centre of the lobule, where
they unite to form the intralobular branch of the hepatic vein. The

Fie. 310.—LOBULE OF RABEIT'S LIVER, VESSELS AND BILE-DUCTS INJECTEL.
(Cadiat. )

a, contral vein; &, & peripheral or interlobular wveins; e, interlobular bile-duet. The
liver-cells are not repressnted.

interlobular branches of the hepatic arteries join this capillary network
a short distance from the periphery of the lobule,

The hepatic cells (figs. 308, 309, 312), which everywhere lie between
and surround the capillaries, are polyhedral, somewhat granular-looking
cells, each containing a spherical nuclens. The protoplasm of each cell
is pervaded by an irregular network of fine canaliculi (fig. 311), which

R
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in preparations of liver injected from the portal vein sometimes
hecome filled with the injection material, which has passed into them
from the blood-vessels. They thus form a system of intracellular
canals which probably receive the blood-plasma directly from the
vessels,  Such canals were conjectured to exist by Browicz, who
showed that under certain circumstances not only h@moglobin but
whole red blood-corpuscles, and even groups of blood-corpuscles, are to
he found in the interior of the hepatic cells. Browiez did not succeed in
injecting these minute canals from the blood-vessels, but they are clearly
shown filled with the injection mass in the preparation of injected
liver of rabbit shown in fig. 312. Besides these plasma channels, the

Fic. 312

Fia. 311.—A CELL FROM THE HUMAX LIVEE, SHOWING INTRACELLULAR
cavanieunl.  (Browicz )

Fiz, 312.—FRrROM A SECTION OF RABBITS LIVER INJECTED FROM THE PORTAL VEIN,
SHOWING THE INTRACELLULAR PLASMATIC CANALS COMMUNICATING WITH
THE INTERCELLULAR BLOOD-CAPILLARIES.

liver cells contain fine, short canaliculi which communicate with the
intercellular bile-duets and generally commence within the cell by a
dilatation (secretion-vacuole).

After a meal many of the cells may contain fat, and masses of glyco-
gen can also be seen within the cells (fig. 313) if the liver be hardened in
aleohol and treated in the manner described in section 2. The cells
also contain pigment-granules, many of which are stained by potassic
ferrocyanide and hydrochlorie acid, or by pure hamatoxylin (presence
of ironl).

The ducts commence between the hepatie cells in the form of bile-
canaliculi, which lie between the adjacent sides of two cells, and appear

""The iron which is in organic ecombination can be set free by treatment for a
short time with aleohol to which 10 p.e¢, hydrochloric acid has been added.
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to form a network, the meshes of which correspond in size to the cells
(fig. 309). At the periphery of the lobule these canaliculi pass into
the interlobular bile-ducts (fig. 310),

The bile-ducts are lined by clear columnar epithelium (fig. 307, 4).
Outside this is a basement-membrane, and in the larger ducts some
fibrous and plain musecular tissne. Many of the larger ducts are beset
with small cmeal diverticula.

The gall-bladder is in its general structure similar to the larger bile-
duets. It is lined by columnar epithelinm, and its wall is formed of
fibrous and museular tissue.

Fie. 313 —LIVER CELLS CONTAINING GLYCOGEN. (Dunham, from Barfurth.)

The lymphatics of the liver are said to commence as perivascular
lymphatic spaces inclosing the capillaries of the lobules, buf this
appears doubtful. Efferent lymphatics pass away from the organ
in the connective tissue which invests both the portal and hepatic
veins.

THE PANCREAS.

The pancreas is a tubulo-racemose gland, resembling the salivary
glands, so far as its general structure is concerned, but differing from
them in the fact that the alveoli are longer and more tubular in
character. Moreover, the connective tissue of the gland is somewhat
looser, and there oceur in it at intervals small groups of epithelium-like
cells (islets of Langerhans) (fig. 314, a ; fig. 315), which are supplied with
a close network of large convoluted capillary vessels (fig. 316); their
funetion is unknown, but their presence is very characteristic of the
pancreas.
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The cells which line the alveoli are columnar or polyhedral in shape.
When examined in the fresh condition, or in osmic preparations, their
protoplasm is filled in the inner two-thirds with small granules, but

FiG. 314.—3ECTION OF HUMAN PANCREAS, (Bohm and v. Davidoff.) *3°.

oy group of cells in interstitial tissue (islet of Langerhans) ; §, connective tissue , e, largoer
duct; o, o, alveoli with centro.acinar cells; e, duct passing into alveoli; .;1 inner
granular zone of alveolus.

Fic., 315.—SECTION OF PANCREAS OF ARMADILLO SHOWING SEVERAL ALVEOL]
AND A LARGE INTERALVEOLAR CELL-ISLET. (V. D. Harris.)

The cells of the alveoli are shrunken, but they show markedly the two zones, the outer
or nongranular stained deoply by hematoxyling
the outer third is left clear (fig. 317, 4). After a period of activity
the clear part of the cell. becomes larger, and the granular part smaller
(). Instained sections the outer part is coloured more deeply than
the inner (figs. 314, 315).



THE PANCREAS, 261

In the centre of each acinus there may generally be seen some
spindle-shaped cells (cenfro-acinar cells of Langerhans—fig. 314, d), the
nature of which has not been definitely determined ; but they appear to

Fie. 316.—IXJECTION OF BLOOD-VESSELS OF AN “ISLET” OF THE PANCREAS.
(Kiihne and Lea.)
be continued from the cells which line the smallest ducts (fig. 314, ¢).
Diverticula from the lumen penetrate between the alveolar cells, as in
the salivary glands (p. 231). The pancreas has many nerves, with

Fig. 317.—PART OF AN ALVEQOLUS OF THE BABEITS PANCHEAS., A, AT REST:
B, AFTER ACTIVE SECRETION. (From Foster, after Kiilhne and Lea.)

a, the inner granular zone, which in A4 is larger and more closely studded with fine
granules than in B, in which the granules are fower and coarser ; &, the outer trans.
]:ara:nt zgome, small in A, larger in B, and in the latter marked with faint strie ; ¢, the

nmen, very obvious in B, but indistinet in 4 ; o, an indentation at the junetion of
two cells, only distinet in B,

numerous small nerve-cells distributed upon their course; the nerve-
fibrils end by ramifying amongst the cells of the alveoli, as in the
salivary glands. In the cat, which has Pacinian bodies in its mesentery,
these terminal organs are also found numerously in the substance of
the pancreas (V. D. Harris).
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LESSON XXXVI.

STRUCTURE OF THE KIDNEY.

1. Secrioxs passing through the whole kidney of a small mammal, such as a
mouse or rat. These sections will show the general arrangement of the organ
and the disposition of the tubules and of the Malpighian corpuscles.

A general sketeh should be made of one of these sections under a low
power.

2. Thin sections of the kidney of a larger mammal, such as the dog or cat,
may next be studied. In some the direction of the section should be parallel
with the tubules of the medulla, and in others across the direction of those
tubules, The characters of the epithelium of the several parts of the urini-
ferons tubules and the structure nE the glomeruli are to be made out in these
sections.

3. Separate portions of the uriniferous tubules may be studied in teased
preparations from a kidney which has been subjected to some process which
renders it possible to unravel the uriniferous tubules for a certain distance.!

4, Thick sections of a kidney in which the blood-vessels have been
injected. Examine these with a low power of the microscope. Follow the
course of the arteries—those to the cortex sending their branches to the
glomeruli, those to the medulla rapidly df'ﬂr.ﬂi'll%l into pencils of fine vessels
which run between the straight uriniferous tubules of the boundary zone.
Notice also the efferent vessels from the glomeruli breaking up into the
capillaries which are distributed to the tubules of the cortical substance.

'Mftl-:l: sketches showing these points.

The kidney is a compound tubular gland. To the naked eye it
appears formed of two portions—a cortical and a medullary. The latter
is subdivided into a number of pyramidal portions (pyramids of
Malpight), the base (boundary zone) of each being surrounded by
cortical substance, while the apex projects in the form of a papilla into
the dilated commencement of the ureter (pelvis of the kidney).* Both
cortex and medulla are composed entirely of tubules—the wuriniferous
tubules—which have a straight direction in the medulla and a contorted
arrangement in the cortex; but groups of straight tubules also pass
from the medulla through the thickness of the cortex (medullary
rays, see fig. 318).

The uriniferous tubules begin in the cortical part of the organ in
dilatations, each inclosing a tuft or glomerulus of convoluted capillary

' For a method which may be employed for this purpose, see Course of Practical
Histology.

?In many animals (e.g. dog, cat, rabbit) the whole kidney is formed of only
a single pyramid, but in man there are about twelve.
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blood-vessels (corpuscles of Malpighi), the dilated commencement of
the tubule being known as the capsule (fig. 321, 1). The glomerulus is
lobulated, the lobules being all united by the afferent and efferent
vessels but projecting freely into the capsule, where they are each
covered by a layer of thin epithelium reflected from that lining the
capsule. The amount to which the glomerulus fills the capsule depends
upon the condition of dilatation of the capillaries. The tubule leaves
the capsule by a neck (2), which is rarely narrower than the rest of

~ the tubule in mammals, but in some animals (e.g. frog) is long, and has

ciliated epithelium ; the tubule is at first convoluted (first convoluted

FiG. 318.—DIAGEAM OF THE COURSE OF THE TUBULES IN A UNIPYRAMIDAL
KIDNEY, BUCH AS THAT OF THE BRABBIT. (Toldt.)

a, Malpighian bodies ; b, first conveluted tubule; ¢, o, looped tube of Henle; ¢, second
convoluted ; f, collecting tube ; g, ducts of Bellini.

tubule, 3}, but soon becomes nearly straight or slightly spiral only
(spiral tubule, 4), and then, rapidly narrowing, passes down into the
medulla towards the dilated commencement of the ureter as the
descending fubule of Henle (5). It does not at once, however, open
into the pelvis of the kidney, but before reaching the end of the
papilla it turns round in the form of a loop (loop of Henle, 6) and passes
upwards again towards the cortex, parallel to its former course, and at
first somewhat larger than before, but afterwards diminishing in size
(ascending tubule of Henle, 7, 8,9).  Arrived at the cortex, it approaches
close to the capsule from which the tubule took origin, but at a point
opposite to the origin, viz. near the afferent and efferent vessels of the
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glomerulus (Golgi). It then becomes larger and irregularly zigzag

Fig. 319, — SECTION THROUGH PART OF A
DoG’s KIDNEY. (Ludwig.)

, lary, and g, boundary zones of the medulln ;

iﬂglgil layer ; A, ‘Imn%l‘rﬂ of tu'l:uln in the
ndary r rated by spaces, b, containing

haidlies’ G veaadls (not here represented), and .
prolonged into the cortex as the med TS,
i} g, intervals of cortex, composed chiefly of cun-
voluted tubules, with irregular rows of glomeruli,
betwoeen the medullary rays.

(zigzag or trreqular tubule, 10), and may again be somewhat convoluted
(second convolufed tubule, 11), eventually, however, narrowing into a

o -

=
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Fia. 320.—A MALPIGHIAN CORPUSCLE FROM THE KIDNEY OF THE MONKEY.,
(Szymonowicz.) (Magnified 350 diameters. )
a, «, sections of convoluted tubules ; o', commencement of convoluted tube from eapsule ;
b, eapaule ; ¢, afferent and efferent vessels of glomernlns,

(™
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vessel (junclional tubule, 12), which joins a straight or collecting tubule
(13). This now passes through the medullary substance of the kidney
(14) to open at the apex of the papilla as one of the ducts of Bellini (15).

The tubules are throughout bounded by a basement-membrane, which

COCERSIE

Fig. 321.—DIAGRAM OF THE COURSE OF TWO URINIFEROUS TUBULES. (Klein.)

A, cortex ; B, boundary zone; c, ;iu;ul:_‘illur ¢ gone of the medulls ; a, o, superficial and deep
E}'m cortex, free from glomeruli. For the explanation of the numerals, see the
xt.

is lined by epithelium, but the characters of the epithelium-cells vary
in the different parts of a tubule. In the capsule the epithelium is
flattened and is reflected over the glomerulus. In some arimals (e.g.
mouse) the fibrillar epithelium of the convoluted tube is prolonged
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a little way into the capsule. In the first convolufed and spival tubules
the epithelium is thick, and the cells show a marked fibrillar structure
(figs. 320, 322). Moreover, they interlock laterally and are difficult of
isolation ; in some animals they have
been deseribed as being ciliated.
They certainly often exhibit a brush
of cilium-like processes projecting into
the lumen (figs. 322, 325), but it is
doubtful if these are vibratile. In the
narrow descending limb of the looped
tubules, and in the loop itself, the
cells are clear and flattened and
leave a considerable lumen; in the
ascending limb they again acquire the
FiG. 322.—SECTION OF A CONVOLUTED striated structure and H&ﬂ.ﬂj’ fill the

TUBULE OF THE RABBIT'S KIDNEY * s
snowise mHE struervee or tne lumen. The fibrillations of the cells

EPITHELIUM. (Szymonowicz) (Mag- . . - .
nified 1100 diameters.) are still more mu_,rl{_ed in the zigzay
fubules, and a similar structure is
present also in the second convoluled tubules, into which these pass.
On the other hand, the junctional tubule has a large lumen and is

Fi1G. 323.—SECTION ACROSS A PAPILLA OF THE KIDNEY., (Cadiat.)
ity large eollecting tubes (ducts of Bellinid); &, e, o, tubules of Henle; ¢, 5, blood-capillaries.

lined by elear flattened cells, and the collecfing fubes have also a
very distinet lumen and are lined by a clear cubical or columnar
epithelium (fig. 323, a).
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The following gives a tabular view of the parts which compose a
uriniferous tubule, and the nature of the epithelium in each part = —

PorTioN oF TUBULE. NATURE oF EPITHELIUM. ! Posirios oF TUBULE. |
e - e Lid | |— -

Capsule : : . | Flattened, reflected over glomerulus | Labyrinth of cortex.’ |
First convoluted tube . Cubical, fibrillated, the eells inter- =Labyrinth of cortex. '
Spiral tube . . . m:ﬁ:;ﬂgﬁliriuaieu (like the last) . | Medullary ray of cor-

tex.

Boundary zone and '
partly  papillary
zone of medualla,

Small or descending | Clear flattened cells .
tube of Henle .

Loop of Henle . .| Like the last Papillary zone of

medulla,

Medulla, and medul-
lary ray of cortex.

Iarg;:; or ascending | Cubical, fibrillated, sometimes im-
tube of Henle . . bricated . ; : ;

Zigzag tube . . . | Cells strongly fibrillated ; var}'i.ng. Labyrinth of cortex.
height ; lumen small . :

Second convoluted | Similar to first convoluted tube, but | Labyrinth of cortex.

tube . : " ; cells are longer, with larger nuelei,
and they have a more refractive |
! BNEEcRtol s il o |
Junctional tube . . | Clear flattened and cubieal cells Labyrinth passing to |

medullary ray.

Straight or collecting | Clear cubical and colummar cells . | Medullary ray and |

tube . : k medulla.
Duct of Bellini . . | Clear eolummnar cells . ; . | Opens at apex of
papilla.

1 The part of the cortex between and surrounding the medullary rays is so named.

Blood-vessels.—The renal artery divides into branches on entering
the organ, and these branches pass towards the cortex, forming
incomplete arches between the cortex and the medulla (fig. 324, a).
The branches of the renal vein form similar but more complete
arches (g).—From the arterial arches vessels pass through the cortex
(interlobular arteries, b), and give off’ at intervals small arterioles (efferent
vessels of the glomeruli), each of which enters the dilated commencement
of a uriniferous tubule, within which it forms a glomerulus, From the
glomerulus a somewhat smaller efferent vessel passes out, and this at once
again breaks up into capillaries, which are distributed amongst the
tubules of the cortex (e); their blood is collected by veins which
accompany the arteries and join the venous arches between the cortex
and the medulla, receiving in their course certain other veins which
arise by radicles having a somewhat stellate arrangement near the
capsule (vene stellule, j).
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The medulla derives its blood-supply from special offsets of the
arterial arches, which almost immediately break up into pencils of
fine straight arterioles running in groups between the straight tubules

&

e
A
A\

“"4

Fic. 324. —VASCULAR SUPPLY OF KIDNEY. (Cadiat.) Diagrammatie.
a, part of arterial arch ; b, interlobular artery ; ¢, glomerulus ; J, efferent vessel passing

to medulln as false arteria recta; e, eapillaries of cortex; r, eapillaries of mednlla;

o, venons arch ; &, straight veins of medulla ; j, vena stellula ; i, interlobular vein.
of the medulla. These arterioles break up into a capillary network
with elongated meshes which pervade the medulla (fig. 324, f), and
which terminates in a plexus of somewhat larger venous capillaries
in the papillze. From these and from the other capillaries the veins
collect the blood, and pass, accompanying the straight arterioles, into
the venous arches hetween the cortex and medulla. The groups of
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small arteries and veins (vase recta) in the part of the medulla nearest
to the cortex alternate with groups of the uriniferous tubules, and this
arrangement confers a striated aspect upon this portion of the medulla
(boundary zone, fig. 319, g).

The efferent vessels of those glomeruli which are situated nearest
to the medulla may also break up into pencils of fine vessels ( false
arteriee recie) and join the capillary network of the medulla (fig. 324, d).

FiG. 325.—NERVE FIBRILS ENDING OVER CAPILLARY BLOOD-VESSELS AND
AMONGEST THE EFITHELIUM CELLS OF A COXVOLUTED TUBE OF THE FROG'S
KIDNEY. (Smirnow.)

Between the uriniferous tubules, and supporting the blood-vessels,
is a certain amount of connective tissue (fig. 323), within which are
cleft-like spaces from which the lymphatics of the organ originate.

Nervefibrils have been described as ramifying amongst the epi-
thelium-cells of the tubules, but most of the nerves to the kidneys are
distributed to the blood-vessels.

=
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LESSON XXXVIIL

STRUCTURE OF THE URETER, BLADDER, AND
MALE GENERATIVE ORGANS.

l. SEcTION across the ureter.

2. Section of the urinary bladder vertieal to the surface.

In the sections of the ureter and of the urinary bladder, notice the tran-
sitional epithelium resting on a mucous membrane, which is composed of
areolar tissue without glands, and the muscular coat outside this. In the
ureter there is some fibrous tissue outside the museular coat, and at the upper
part of the bladder there is a layer of serous membrane covering the muscular
tissue. Sketch a section of the ureter under a low power, and the epithelium
of the bladder under a high power.

3. Section across the penis. The blood-vessels of the o should have
bheen injected with the hardening fluid so as the better to exhibit the arrange-
ment of the venous spaces which constitute the erectile tissue. Notice the
large venous sinuses of the corpora cavernosa and fhe smaller spaces of the
corpus spongiosum, in the middle of which is seen the tube of the urethra.

4. Section across the testis and epididymis. The sections are best made
from a rat’s testis which has been fmrdened in alcohol, and thin pieces of
which have been stained in bulk in hmmatoxylin. In these sections notice
the strong capsule surrounding the gland, the substance of which consists of
tubules which are variously cut, and the epithelium of the tubules, which is
in different phases of development in different tubules. Observe the strands
of polyhedral interstitial cells, much more numerous in some animals (e.g.
cat), Iving in the loose tissue hetween the tubules ; also the lymphatic clefts
in that tissue. Notice in sections through the epididymis the epithelium of
that tube.

Sketch carefully under a high power the contents of some of the semini-
ferous tubules so as to illustrate the mode of formation of the spermatozoa.

5. Examination of spermatozoa. Spermatozoa may be obtained fresh from
the testicle or seminal vesicles of a recently killed animal and examined in
saline solution. Their movements may be studied on the warm stage ; to
display their structure a very high power of the microscope is necessary.
Measure and sketeh three or four spermatozoa.

The ureter iz a muscular tube lined by mucous membrane. The
muscular cont consists of two layers of plain museular tissue, an outer
cireular, and an inner longitudinal. In the lower part there are some
longitudinal bundles external to the circular. Outside the muscular
coat is a layer of fibrous tissue in which the blood-vessels and nerves
ramify before entering the muscular layer.

The mucous membrane is composed of areolar tissue and is lined by
transitional epithelium similar to that of the urinary bladder.
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The urinary bladder has a muscular wall lined by a strong mueous
membrane and covered in part by a serous coat.

The muscular coat consists of three layers, but the innermost is incom-
plete. The principal fibres run longitudinally and circularly, and the

F1c. 326.—SECTION OF THE MUCOUS MEMBRANE OF THE BLADDEE TO SHOW ITS
EPITHELIUM. (Szymonowicz. )

i, b, superficial epithelinm-cells ; ¢, lencocyte ; o, areolar tissue of mocons membrane.

circular fibres are collected into a layer of some thickness which
immediately surrounds the commencement of the urethra, forming the

Fic. 327.—SECTION OF ERECTILE TissUE. (Cadiat.)

a, trabecule of connective tissue, with elastic fibres, and bundles of plain muscular
tizaue, some cut acrosg (¢); b, venous spaces.

sphincter wesicor.  The mucous membrane is lined by a transitional
stratified epithelium (fig. 326). The shape and structure of the cells
have already been studied (Lesson VIL).

The nerves to the bladder form gangliated plexuses, and are dis
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tributed mainly to the muscular tissue and blood-vessels, but some are
said to enter the epithelium.

The penis is mainly composed of cavernous tissue which is collected
into two principal tracts—the corpora cavernosa, one on each side, and
the corpus spongioswm in the middle line inferiorly. All these are
bounded by a strong capsule of fibrous and plain muscular tissue, con-
taining also many elastic fibres and sending in strong septa or trabeculs
of the same tissues, which form the boundaries of the cavernous spaces
of the erectile tissue (fig. 327). The arteries of the tissue run in these
trabeculie, and their capillaries open into the cavernous spaces. On the
other hand, the spaces are connected with efferent veins. The arteries
of the cavernous tissue may sometimes in injected specimens be observed
to form looped or twisted projections into the cavernous spaces (helicine
arteries of Miiller). -

Urethra.—The cross-section of the urethra appears in the middle of
the corpus spongiosum in the form of a transverse slit. It is lined in
the prostatic part by transitional, but elsewhere by columnar epithelium,
except near its orifice, where the epithelium is stratified. In the female
urethra it is stratified throughout. The epithelium rests upon a vascular
mucous membrane, and this again is supported by a coating of sub-
mucous tissue, containing two layers of plain muscular fibre—an inner
longitudinal and an outer circular. Outside this again is a close plexus
of small veins which is connected with, and may be said to form part
of, the corpus spongiosum.

The wmaucous membrane of the urethra is beset with small mucous
glands, simple and compound (glands of Littré). There are also a
number of oblique recesses termed lacune. Besides these small glands
and glandular recesses, two compound racemose glands open into the
bulbous portion of the urethra (Cowper’s glands).  Their acini are lined
by clear columnar cells which yield a mucous secretion.

The prostate, which surrounds the commencement of the urethra, is
a muscular and glandular mass, the glands of which are composed of
tubular alveoli, lined by columnar epithelium, with smaller cells lying
between them and the basement-membrane (fig. 328). Their ducts
open upon the floor of the urethra. In old subjects the tubules
often contain ealcareous concretions,

The integument of the penis contains numerous special nerve end-
organs of the nature of end-bulbs, and Pacinian bodies are also found
upon the nerves. Lymphatic vessels are numerous in the integument
of the organ and also in the submucous tissue of the urethra.

The testicle is inclosed by a strong fibrous capsule, the funica
albuginea (fig. 329, b). This is covered externally with a layer of serous



THE TESTICLE. 273

L

FiG. 325.—SECTION OF PROSTATE. (Heitzmann.)
M, muscnlary tissue ; E, epithelinm ; C, concretions,

FiG. 320.—SECTION OF HUMAN TESTIS AND EPIDIDYMIS, BOMEWHAT MAGNIFIED,
; (Béhm and v. Davidoff.)
i, glandular substance divided into lobules by septa of connective tisane ; &, tunicea
ginea ; ¢, head of epididymis ; d, middle part or body of epididymis ; 7, medias-
tinum giving origin to the =epta; g, sections of the commencing vas deferens,

=
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epithelium reflected from the funica vaginalis. From its inner surface
there proceed fibrous processes or frabecule, which imperfectly subdivide
the organ into lobules, and posteriorly the capsule is prolonged into the
interior of the gland in the form of a mass of fibrous tissue, which is
known as the mediastinum (fig. 329, f). Attached to the posterior
margin of the body of the gland is a mass (epididymis) which when
investigated is found to consist of a single convoluted tube, receiving at
its upper end the efferent ducts of the testis and prolonged at its lower

- - L e — 5
- By, e -

Fia. 330, —PASSAGE OF CONVOLUTED SEMINIFEROUS TUBULES INTO STRAIGHT
TUBULES AND OF THESE INTO THE BRETE TESTIE. (Mihalkowicz.)

e, seminiferous tubules; b, fibrous stroma eontinued from the mediastinum testis;
¢, rote testis, 2

end into a thick-walled muscular tube, the vas deferens, which conducts
the secretion to the urethra.

The glandular substance of the testicle is wholly made up of
convoluted fubules, which when unravelled are of very considerable
length. Each commences near the tunica albuginea, and after many
windings terminates, usually after joining one or two others, in a
straight tubule, which passes into the mediastinum, and there forms,
by uniting with the other straight tubules, a network of intercom-
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municating vessels, which is known as the refe testis (fig. 330). From
the rete a certain number of efferent tubules arise, and after a few
convolutions pass into the tube of the epididymis.

Structure of the tubules.—The seminiferous fubules ave formed of
a thick basement-membrane, and contain several layvers of epithelium-
cells, Of these layers, the one next to the basement-membrane is a
stratum of clear cubical cells (lining epithelivn-cells, spermatogonia,
figs. 331; 337, a), the nuclei of which, for the most part, exhibit
the irregular network which is characteristic of the resting condi-
tion, but in certain tubules show indications of division. Here
and there these epithelium-cells appear enlarged, and project between
the more internal layers, being connected with groups of developing

FiG. 331.—SECTION OF PARTE OF THREE SEMINIFEROUS TUBULES OF THE RAT.

i, with the spermatozoa least advanced in dﬂm]apmant:; &, more advaneced ; ¢, t'u-lll:.:_i.i_::h
igﬁ fully developed spermatozoa. Between the tubules ave seen strands of interatitial
o

& with blood-vessels and lymph-spaces,

spermatozoa. These enlarged cells are the susfenfacular cells. or cells of
Sertoli (fig. 337, o' ; fig. 340).1

Next to this epithelium is seen a zone of larger cells (spermalogenic
cells, spermatoeysts, fig. 337, b), the nuclei of which are usually in some
stage of mitotic division ; these cells may be two, three, omore deep
(as in a, fig. 331). Next to them, and most internal, are to be seen in
some tubules (fig. 331, b and ¢) a large number of small protoplasmic
cells with simple spherical nuclei (spermatids, fig. 337, ¢). In other
tubules these cells are elongated, and the nucleus is at one end,

| These are the ®spermatoblasts’ of some anthors—a name given to them on
the erroneouns supposition that they directly produce the spermatozoa. The term
¢ spermatoblast * is more applicable to the small cells (spermatids) of the third

layer or zone.
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and in others again these elongated cells are converted into evident
spermatozoa, which lie in groups with their heads projecting between
the deeper cells and connected with one of the enlarged cells of the
lining epithelium, and their tails emerging into the lumen of the tubule
(fig. 331, b). As they become matured they gradually pass altogether
towards the lnmen, where they eventually become free (¢). During the
time that this crop of spermatozoa has been forming, another set of
spermatoblasts has heen produced by the division of the spermatogenic

Fic. 332.--SECTION OF THE TUBE OF THE EPIDIDYMIS. (Szymonowicz.)
(Magnified 300 diameters.)
o, blood-vessel ; b, eireular muscular fibres; ¢, epithelinm,
cells, and on the discharge of the spermatozoa the process is repeated
as before.

The straight tubules which lead from the convoluted seminiferous
tubes into the rete testis (fig. 330) are lined only by a single layer
of clear flattened or cubical epithelinm. The tubules of the refe
also have a simple epithelial lining, but the basement-membrane is
here absent, the epithelium being supported directly by the connective
tissue of the mediastinum.

The efferent tubules which pass from the rete to the epididymis are
lined by columnar ciliated epithelium, the cilia being very long. The
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tube of the epididyis is also lined by long columnar cells, with what
appear to be bunches of cilium-like fibrils projecting into the lnmen
of the tube. These apparent cilia are, however, not contractile as was
formerly supposed, and are therefore not true cilia (Myers-Ward).
They appear to vary in development in different cells, and are prob-
ably connected in some way with the formation of the epididymal
secretion and its extrusion into the lumen of the tube. The tube of

the epididymis has a considerable amount of plain muscular tissue in
its wall (fig. 332).

Fic, 33.--8ECTION ACROSS THE COMMENUEMENT OF THE VAS DEFEREXS, (Klein. )

¢, epitheliom ; b, mucous membrane; c, o, ¢ inner, middle, and outer lavers of the
muscular coat: ¢, bundles of the internal cremaster muscle ; g, section of o blood-
vessol,

The vas deferens (fig. 333) is a thick tube, the wall of which is formed
of an outer thick layer of longitudinal bundles of plain museular tissue
within this an equally thick layer of circular bundles of the same
tissue, and within this again a layer of longitudinal muscle. The tube
is lined by a mucous membrane, the inner surface of which is covered
by columnar non-ciliated epithelium.

The ampulle of the vas deferentia, and the vesiculee seminales, ave in
structure similar to the vas deferens, but their corrngated walls are
much thinner and less muscular.

The connective tissue between the tubules of the testis is of very
loose texture, and contains numerous lymphatic clefts, which form an
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intercommunicating system of commencing lymphatic vessels. Lying
in this intertubular tissue are strands of polyhedral epithelium-like
cells (inferstitial cells, see fig. 331) of a yellowish colour ; they are much
more abundant in some species of animals (eat, boar) than in others.
They accompany the blood-vessels before these break up to form
the capillary networks which cover the walls of the seminiferous
tubules.

The interstitial cells contain in many animals abundant fat-globules
(staining with osmic acid). Similar globules which oceur in the Sertoli

Apical body or acrosome.

Nuscles- 1 2
End-knob.

Middle.piece. Pl
Envelope af the wail.

Axial Rlamear. dl

Fic. 335.—HUMAN SPERMATOZOA.
1909 (Retzius.)
: ‘1 in profile; 2, viewed on the flat;
e e "b, head ; ¢, middle plece: d, tail; e,
end-piece of the tail, which is de-
seribed as a distinet part by Retzins,

Fic. 334.-—DI1AGRAM OF A SPERMATO-

zooN. (Wilson.)
cells of the seminiferous tubules (fig. 340) have been thought to pass
into these from the interstitial tissue.

The spermatozoa.—Each spermatozoon consists of three parts, a
hewd, a middle part or body, and a long tapering and vibratile fuil
(fig. 334). In man (fig. 335) the head is of a flattened oval shape, some-
what more flattened and pointed anteriorly ; in some animals it
hears a small barblike projection at its extremity. The middle piece
is short and eylindrical, and appears to have a spiral fibre passing
round it.  An axiel fibve passes from a knob close to the head right
through the body and tail. The fail is the longest part of the
spermatozoon, and when examined with the microscope in the fresh
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condition is seen to be in continual vibratile motion, the action
resembling that of the cilia of a ciliated epithelium-cell. The ex-
tremity of the tail (end-piece) forms a distinet part of the spermatozoon,
and In some animals may hecome split up into two or three fibrils :
these can also sometimes he traced along the whole length of the tail.
Human spermatozoa are about 0:06 mm. (1, inch) long. In different
animals the shape of the head and the extent of middle-piece and tail
vary greatly (fig. 336). In the rat (fig. 338, 7) the head is long, and is
recurved anteriorly : it is set obliquely on the middle-piece, which is

{ ? é%

i |

Fic. 836, —DIFFERENT FORMS OF SPEEMATOZOA. (From Verworn.)

a, of bat ; b, e, of frog; o, of finch; e, of ram ; 7, g, of boar; K, of a jelly-fish ;
i, of a monkey ; 1, of erab; &, of round-worm.

also of considerable extent, and which has a closely wound spiral
filament encircling it (H. H. Brown). In the newt the head is
long and tapering, and the tail appears to have a membranous
J expansion, attached in a spiral mamner along its whole length.

This has also been described in the human spermatozoon, but
its existence here is doubtful. In arthropods which possess no cilia, the
spermatozoa have no vibratile tail. Sometimes two distinet kinds of
spermatozoa are met with in the same species of animal, one kind being
far the larger in size (giant spermatozoa) but much less numerous.
Such giant spermatozoa have been observed in man.

Spermatogenesis.—The spermatozoa are developed from the small cells
(spermatoblasts, spermatids) which form the innermost stratum of the
seminal epithelivin, and these are themselves produced by the division of the
large spermatogenic or mother-cells (spermatocysts) of the second layer. It
is probable that these mother-cells again are formed by division of some of
the lining epithelinm-cellz or spermatogonia. The eycle of changes therefore
which appears to take place is as follows :—1. Division of a lining epithelinm-
cell into two, one of which becomes a spermatocyst, and passes into the
second layer, while the other remains in the first layer, undergoes enlarge-
ment, and becomes a sustentacular cell. 2. Division of the s rmatocyst. 3.
Further division and multiplication of the spermatocysts and the conversion
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of the resulting daughter-cells into a group of spermatoblasts (spermatids).
4. Elongation of the spermatids and their gradual conversion into mature
spermatozoa. As they undergo this conversion their grouping becomes more
evident, and each group is found to be connected witﬁpg cell of Sertoli (figs.
337, ', 340), which Pmbahl}' ministers to their nutrition. This cell undergoes
a §radual rocess of elongation so that the spermatozoa by the time they are
fully developed are brought to the lumen of the tube, in which they then
become free. In the meantime other alternate groups of daughter-cells from
which the next crop of spermatozoa will be derived are being formed in the

Fig. 337.—DIAGRAM EXHIBITING THE CYCLE OF PHASES OF SPERMATOGENESIS
(RAT).

a, ining epithelium-cells or spermatogonia, seen dividing in 6 ; o, sustentacular cells
&, spermatogenic or mother-cells (spermatocysts), with skein-like nuclear filaments.
These cells are seen actively dividing in 4. e, spermatoblasts or spermatids, forming
an frregular column or clump in 8, 7, §, and 1, and connected to an enlarged support-
ing cell, o', of the lining epitheliom in %, 3, 4, and & Iné 7, and & advanced
spermatozoa of one crop are seen between colomng of spermatoblasts of the next
crop. X, 1fmrl:s of the spermatoblasts which are disintegrated when the spermatozoa
are fully formed ; s, seminal granules resulting from their disin tion ; a¥, in I
and 2 are nueled of supporting cells which are probably becoming extrmded.

same manner, passing throngh the same cycle of changes, So that in a section
of the same tubule, at least two different phases of development may be
observed, and in different tubules of the same testicle every phase may be
traced. The accompanying diagram (fig. 337), which is constructed 1
drawings by H. H. Brown, illustrates the c{cle of changes above described :
it is divided into eight parts, each of which shows the condition of the epithe-
lium of a seminiferous tubule at a particular stage.

Each spermatoblast becomes converted into a spermatozoon in the following
manner (figs. 337 to 340). The nucleus forms the head, while the tail develo
as a fine filament within the protoplasm, growing out from the (double)
centrosome of the cell. The centrosome takes up a position close to the

"
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Fig. 338.—SPERMATOZOA FROM THE RAT IN DIFFERENT STAGES OF DEVELOP-
MENT. (H. H. Brown.)

1-6, developing spermatozoa from the testicle; 7, a4 mature spermatozoon from the vas
deferens. The remains of the protoplasm of the ecll, which is seen in ¢ still adhering
to the middle piece of the spermatozoon and containing a number of dark granules,
is thrown off as the spermatoeoon matures,

l/ :

Fia. 340.

Fic. 339

Fig. 339.—CHANGES IN THE SPERMATIDS IN¥ THE COURSE OF FORMATION OF
THE SPERMATOZOA. (Lenhossék.)

@, b ¢ o, four stages of transformation ; from the rat. The tail filament is seen to
extend from the centrosome, which lies close to the nucleus. The head-cap (shown
in e and o) is produced by a transformation of part of the archoplasm,

FiG. 340.—A CELL OF SERTOLI WITH WHICH THE SPERMATIDS I:THIH"JI'I: OF WHICH
ARE SHOWN) ARE BEGINNING TO BE COXNECTED : HUMAN. (Braman.)
The cell econtains globules (of nutritive substance) staining with osmic acid, and similar

but smaller globules are also seen in the spermatids.  The “ring ™ formed around the
tail filament by one of the particles of the centrosome (see text) is shown in each of

these spermatids close to the **head.”






THE OVARY. 283

LESSON XXXVIIIL

GENERATIVE ORGANS OF THE FEMALE AND MAMMARY
GLANDS.

1. Secrioxs of the ovary of the rabbit or cat.  Study the sections with a low
power, observing the small and large Graafian follicles, each inclosing an
ovam, scattered through the stroma. Measure some Graafian follicles of
different sizes ; make a general sketch of a section under the low power.
Then sketch carefully two or more of the follicles with their contents.

2. Sections across the Fallopian tube. Sketch a section under the low
power.

3. Section across the body of the uterns. Observe with the naked eye the
thickness of the muscular and mucous coats respectively. Notice the ciliated
columnar epithelinm lining the organ and extending into the glands of the
- mucous membrane. Draw a part of the section under the low power.

4. Sections of the mammary gland from an animal killed during lactation.
Notice the fat-globules in the alveoli and also in the alvgolar cells.  Draw an
alveolis under the high power.

THE OVARY.

The ovary is a small solid organ, composed of a strema of fibrous
tissue, with many spindle-shaped cells, and also containing, especially
near its attachment to the broad ligament, a large number of plain

Fic. 341.—SECTION OF THE OVARY OF THE CAT. §. (Schron.)

1, vuter covering and free border of the ovary ; I', attached border; 2, the central ovarian
atroma, showing a fibrous and vascular structure | 3 reripheral stroma ; 4, blood-
veasels ; 5, Groafian follicles in their earliest stages lying near the surface; 4, 7, 5,
more advanced follicles which are embedded more deeply in the stroma; 2, an almost
mature follicle containing the ovam in its deepest part ; &, a follicle from which the
ovum has fallen out in preparing the section ; 10, corpus Iutenm,
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muscular fibres. It is covered by a layer of small columnar epithelium-
cells (germinal epithelium, fig. 342, a), between which may here and
there be seen a few larger spheroidal cells, with large round nueclei.

FiG. 342. —SECTION OF THE OVARY OF AN ADULT BITCH. (Waldeyer.) ]

i, germe-epithelinm ; b, egg-tubes; e ¢, small follicles ; o, more advanced follicle; e, discus
proligerus and ovam ; 7, second ovum in the same follicle (this oceurs but rarely); g
outer tunic of the follicle; &, inner tube; i, membrana nulosn ; L, nﬂliupaﬂti /
retrograded follicle ; f, blood-vessels ; m, i, lomgitudinal and transverse sections of 1
tubes of the parovarium ; p, involuted portion of the germ-epithelinom of the surface ;
z, place of the transifion from peritoneal to germinal or ovarian epithelium.

In the young subject the epithelinm may oceasionally dip down into
the subjacent stroma.

The stroma is beset with vesicles of different sizes, the smallest
being near the surface of the organ, the larger ones placed more
deeply in the stroma, although, as they increase in size, they may
extend towards the surface,

ke
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These vesicles are the Graafian follicles. Each Graafian follicle has
a proper wall (theca folliculi) formed of a layer devived from the stroma,
and contains an ovwm and epithelium. TIn the smallest follicles the
ovum is small, and the epithelium of the follicle is formed of a single
layer of cells, which may be flattened against the ovum. In somewhat

r *Germinal epithel i,
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Fig. 343.—SECTION OF PART OF OVARY OF A YOUNG GIRL. '}”. (Béhm and
Y. D&ﬁdﬂﬁ-}

larger follicles the epithelium-cells are in two layers, and these are
columnar in shape (fig. 344, E). In still larger ones, each of these two
layers is formed of several strata of cells, and fluid has begun to colleet
between the layers at one part. Or the two layers, the one which
lines the cavity of the follicle is termed the membrana granulose, while
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the mass of cells which more immediately surrounds the ovum is
known as the discus proligerus.

Fig. 344. —FIGURER SHOWING VARIOUS STAGES IN THE DEVELOPMENT OF THE
GRAAFIAN POLLICLES OF THE RABBIT,

A, from ovary of young rabbit, showing * erg-tubes ' of PAliger growing in from germinal
epithelium ; some of the tubes contain primitive ova; B, primitive Graafian follicles
formed from the breaking up of an egg-tube ; ¢, & young Graafian follicle, with a
single lnyer of follicle-epithelinm ; », a somewhat older follicle, with the second layer
forming within the first ; , o more advanced follicle, showing two complete layers of
columnar epithelium surrounding the ovam within the follicle.

In the largest follicles the fluid has much increased in amount, so
that the follicle has become gradually larger and more tense. Finally
it reaches the surface of the ovary, and projects from that surface,
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where it eventually bursts, and the liquor folliculi, with its contained
ovum, is set free. This event is believed usually to occur at about the
time of menstruation.’

The ova are large spherical cells (fig. 345), about 02 mm.
{2 inch) in diameter. When mature, as in the largest Graafian
follicles, each ovum is surrounded by a thick transparent striated
membrane (zona pellucida).  Within this is the protoplasm of the cell
(vitellus), filled with fatty and albuminous granules. Lying in the
vitellus, generally eccentrically, is the large clear round nucleus
{germinal vesicle), which contains an intranuclear network, and usually
one well-marked nucleolus (germinal spot), sometimes more than one.
Both the ova and the epithelium of
the Graafian follicles are developed
originally from the germinal epi- Wl
thelinm. Inthe embryo, this forms e Rk
a thick layer, covering the fibrous O\
and vascular stroma. After a time ' ‘
solid cordsof epithelium-cells, which
in some animals are partly tubular
(egg-tubes of Pfliiger; fig. 344, A),
grow down into the stroma,; whilst
this at the same time grows into
the epithelium. The cords pre-
sently bhecome broken up by the B
ingrowths of stroma. into_small Fio, M5 Seur pstanine s
isolated nests of epithelium-cells, (Highly magnified.)
each of which may represent a @@ 2ona Iﬂ,:ﬁl‘l1;}3;L11::f§:u:t]:! oy gl
Graafian follicle. To form the :
ova, some of the germinal epithelinm-cells become enlarged, and usually
there is one such enlarged cell in each of the isolated nests. The
remaining cells form the epithelium of the follicle (see fig. 344, B, C).
It is believed that the protoplasm of the ovum remains connected with
the cells of the discus proligerus by fine processes which pass through
the stri@ (pores) in the zona pellucida,

The stroma of the ovary contains, besides the spindle-shaped con-
nective-tissue cells and plain muscular fibres already mentioned, a
number of epithelium-like inferstitial cells, like those found in the
intertubular tissue of the testis. They are most abundant near the
hilum. Corpora lufen may also be seen in the stroma. These are

1 Some of the Graafian follicles do not burst, but, after attaining a certain stage
of maturity, undergo a process of retrograde metamorphosis and eventually

disappear.
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large yellow nodules, which are developed out of the Graafian follicles
after the ovum has been extruded (fig. 346). They consist of columns
of large yellowish cells (luteal cells), with intervening trabecule of
vascular fibrous tissue, which converge to a central strand of connective
tissue occupying the axis of the nodule (fig. 347). The columns of
cells are not unlike those of the cortex of the suprarenal capsule. The
corpus luteum is derived from the wall (!epithelium) of the follicle,

F1i, 346.—THREE STAGES IN THE FORMA-
TION OF THE CORPUS LUTEUM IN THE
MOUSE.  (Sobotta. )

A. The follicular epitheliom, fe, is hyper-

trophied, and vaseular processes, a, of the

theen, th, or wall of the follicle are growing
into it

. The epithelinl mass is now subdivided into
lobule-like masses, {, of luteal cells z the
theeal ingrowths : ¢, epithelinm of of
OVATY. L

. There are now very numerous thecal septa
or trabeculse, and the columns of luteal cells
are much narrower. The central cavity is
still seemn.

which becomes thickened and folded by multiplication and hypertrophy
of its cells ; between the folds connective tissue and blood-vessels grow
in from the wall or theca folliculi towards the centre, and in this way
the columnar arrangement above mentioned is produced. After per-
sisting for a time the corpus luteum gradually disappears, its tissue
hecoming merged in the surrounding stroma. Corpora lutea grow
much larger and remain much longer persistent in the event of
pregnancy supervening.
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The use of the corpus lutenm is not known certainly, but it has recently
been suggested that it may yield an internal secretion, the effect of which is
to produce the fixation of the fertilized ovum in the uterine mucous mem-
brane (Born). In confirmation of this, experiments seem to indicate that
gestation does not supervene in rabbits whose corpora lutea have been
destroyed (Fraenkel and Cohn).

The blood-vessels of the ovary are very large and numerous, and are
especially distributed to the walls of the Graafian follicles, over which they
form a close network.

Fig. #H7.—CoORPUS LUTEUM OF MOUsE (Sobotta.)

This figure shows a more advanced stage of development, the luteal tissue being now
vascularized and the central cavity obliterated,

THE FavroriaNy Tuges axn UTeErus.

The Fallopian tubes are lined by a very vascular mucous membrane
which is covered with ciliated epithelium, and has numerous longi-
tudinal folds (fig. 348). Externally they are covered by a serous coat,
within which is a thin longitudinal layer of plain muscular fibres
overlying circular fibres of the same tissue.

The uterus is usually described as composed of two parts, the body
and cervix. The wall of the uterus is formed of the following layers:

1. A serous layer, derived from the peritoneum, which covers the
greater part of the fundus.

2. A muscular layer, which is of considerable thickness and is formed
of plain muscular fibres disposed in two strata. Of these the outer has
its fibres arranged partly longitudinally, partly circularly. The inner

T
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muscular layer, on the other hand, is thick ; its fibres run in different
directions, but chiefly circularly, and it is prolonged internally into the
deeper part of the mucous membrane, the extremities of the uterine
glands extending between and amongst its fibres. It is imperfectly
separated from the thinner external layer by the ramifications of the
larger blood-vessels, and, according to some authorities, represents a
much-hypertrophied muscularis mucosse.

3. A mucous membrane, which is very thick and is composed of soft
connective tissue containing a large number of spindle-shaped cells. It
contains long, simple, tubular glands, which take a curved or convoluted

Fla. 348. —SECTION ACROSS THE FALLOPIAN TUBE. (Semi-diagrammatic.)

course in passing through the membrane (fig. 349). They are lined by
ciliated epithelinm continuous with that which covers the inner surface
of the muecous membrane. In the cervix the mucous membrane is
marked by longitudinal and oblique ridges, and the glands are shorter
than those of the body of the uterus. Near the os uteri the epithelium
hecomes stratified and overlies vascular papille of the corinm. The
mucous membrane is exceedingly vascular, and it also contains a large
number of lymphatic vessels.

In many animals the uterus is composed of two long tubes (cornua
uteri), and the arrangement of the muscular tissue in these is simpler
than in the human uterus, which has been formed by the fusion of
two such tubes. Fig. 350 exhibits the structure of a cornu of the
uterus of a rabbit.

At each menstrual period the mucous membrane of the uterus

Tl e ao e i
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undergoes a partial process of disintegration accompanied hy an escape
of blood from the capillaries of the membrane. This is succeeded by
a rapid renewal of the disintegrated part. Should gestation supervene,
the process of renewal results in the formation of a greatly thickened

Fia. 350.

F1c. 349.—SECTION OF THE MUCOUS MEMBRANE OF THE
HUMAN UTERUS. (J. Williams.)
e, epitheliom of surface ; &, &, _!g]rlru:dﬁ: i, their ends amongst
the musenlar fibres, o, in the deeper part of the mucous
membrane ; ¢, interglandular tissue.

Fic. 35). —SECTION OF THE MUCOUS MEMBRANE OF THE
RABBIT'S UTERUS.
& serous layer; fon., longitudinal muscular fibres: e,
Ere clreular 'I'l]IIIT:Il]H.r ﬁhi';.‘u of t]I:z mscular m:ubit'. i, areolar
* figaue, with large blood-vessels | mom., muscularis mucosse ;
Fi. 348, i, MUeous membrane,

mucous membrane, with long convoluted glands, which is then known
as the decidwoa.

THE MAMMARY (GLANDS,

The mammary glands are compound racemose glands which open
by numerous duets upon the apex of the nipple. The duects are
dilated into small reservoirs just hefore veaching the nipple. If
traced backwards, they are found to commence in groups of saceular
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alveoli (fig. 351). The walls of the ducts and alveoli are formed of
a basement-membrane lined by a simple layver of Hattened epithelium

Fira. 361, —SECTION OF MAMMARY GLAXKD OF WOMAN DURING LACTATION.
{Testut after de Sindty.)

e, lobule of gland; &, acind lined by cubical epithelium ; e, duct; {, connective-tisane
strommn.

(fig. 352). Milk globules may be seen within the alveoli and duects,
and at the commencement of lactation amceeboid cells containing
fat-particles appear in the secretion (colostrum corpuscles). These are

Fra. 352, —ALVEOLI OF THE MAMMARY GLAND OF THE BITCH. (Heidenhain.)

probably emigrated lymph-corpuscles similar to the salivary corpuscles
of saliva, but some have been looked upon as epithelium-cells or
portions of epithelium-cells which have become detached from the
general lining of the alveoli.
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LESSON XXXIX,
STRUCTURE OF THE SPINAL CORD.

1. secrioss of the spinal cord from the cervical, dorsal, and lumbar regions,
If the human spinal cord cannot be obtained sufficiently fresh, that of a
dog, cat, or monkey may be used. It is to be hardened by suspending it
lmme:ilateh after removal from the body in a tall jar of formol (5 per cent.
solution). “After a few days it may be transferred to aleohol, but if desired
it can be preserved for a long time in the formol solution. Sections are to
be made either by the lmmﬁln or celloidin method : the former is preferable,
especially for small cords. They may he stained by Nissl's method, which
brings to view the nerve-cellsand also stains the axis-cylinders of the nerve-
fibres. If it is desired to stain by the Weigert-Pal method, which colours

the medullary sheaths of the nerve-fibres, the pieces of cord should be placed
in 2 per cent. bichromate of potash solution or Miillers fluid (either at
once or after formol) and should be left for about a month, after which they
are cut by a freezing microtome. (For the details of these methods sce
Erpﬂndix ) Carminate of ammonia may also be employved to stain the nerve-

Iz and axis-cylinders,

Notice the relative extent of the grey as compared with the white matter
in the different regions of the cord.

Sketeh a section from each region under a low power. Sketch also a small
portion of the white substance, two or three nerve-cells, and the central canal
with its lining epithelinm and surrounding neuroglia under the high power.

Measure the {|Ilametl:r of some of the nerve-fibres in the anterior columns,
in the lateral colnmns, and in the posterior eolumns.

2. Tracts in the spinal cord. The conducting tracts of the spinal cord may
be studied in two ways, viz.: (1) by preparing sections of embryonic cords
(from the 5th to the 9th month), the sections being stained by the Weigert-Pal
process (Flechsig's method); (2) by preparing sections from the cord of an
animal in which eltherﬁcnmplete section ora hemi-section has been performed
about ten days before the animal iz killed, and staining thin pieces of the
cord from below and from above the section hy plm,in" them in a solution
consisting of two parts of Miiller's fluid and 1 part of 1 per cent. osmie acid
(Marehi's method). The cord must first be partly hardened by placing it for
a few days in Miiller’s flnid.

The spinal cord is composed of grey matter in the centre and of
white matter externally. It is elosely invested by a layer of connective-
tissue containing numerous blood-vessels (pia mater), and less closely
by two other membranes (fig. 353). One of these is an areolar mem-
brane, resembling a serous membrane in general structure, but non-
vaseular and more delicate in texture (srackneid). The other, which
lines the vertebral canal, is a strong fibrons membrane known as the
dura mater. At the middle of the anterior and posterior (ventral and
dorsal) surfaces the pia mater dips into the substance of the cord in the
anterior and posterior median fissures, so as to divide it almost completely
into two lateral halves. These are, however, united by an isthmus or
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bridge, which is composed anteriorly of transversely crossing white
fibres (white commissure), posteriorly of grey matter (grey commissure),
in the middle of which is a minute canal lined by ciliated epithelium
(ventral canal).

Fach lateral half of the spinal cord contains a crescent of grey
matter, which is joined to the corresponding crescent of the opposite
side by the grey commissure. Of the two horns of the crescent the

Fie. 353 —SECTION OF THE
SPINAL CORD WITHIN ITS
MEMBRANES,  (Key and
Retzing. )

a, durn mater; b, arachnoid ;
e, septum of arnchnoid ; o, e,
trabecule of arachnoid ; g,
lignmentum denticulatum ;
J, bundles of postorior root ;
h, bundles of anterior root ;
L, I, subarachnoid space,

posterior or dorsal is the narrower and comes near the surface of the
cord ; close to it the bundles of the posterior nerve-roots enter the
cord. The bundles of the anterior nerve-roots enter the anterior horn.

The white matter of each half of the cord is subdivided by the
approach of the posterior horn to the surface into two prineipal
columns—antero-lateral and  posterior. A distinetion 18 sometimes
drawn between anterior and lateral portions of the antero-lateral
column, although there is no line of demarcation between them.
In the upper part of the cord the posterior column is subdivided
by a septum of connective tissue into two—the postero-mesial column or
Sfuniculus gracilis, and the postero-lateral colwmn or funiculus cuneatus. The
white matter is composed of longitudinally coursing medullated nerve-
fibres, which in sections stained with carmine or toluidin blue appear
as clear circular areas with a stained dot, the axis-cylinder, near the
middle (fig. 355) ; while in sections stained by the Weigert-Pal method
they appear as black circles with a clear centre. The nervefibres
vary in size in different parts ; on the whole those which are nearest to
the surface of the cord are larger than those nearest to the grey
matter, but there iz a bundle of very small fibres (M, fig. 356) opposite
the tip of the posterior horn.
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Fig. 364. —TRANSVERSE SECTIONS OF MONKEY'S SPINAL CORD.

(Bevan Lewis.)!

C, from the cervical region ; T, from the thoracice region; L, from the lumbar region,

A, anterior horn ; F, posterior horn ; a, anterior column ; {, lateral column ; p, posterior
column ; ae, anterior commissure ; ae, oi, external and internal cell-groups of anterior
horn ; af, anterior median fissure ; ar, anterior roots; ce, central canal ; fr, formatic
reticularis; @, lateral group of cells ; we, vesicular column of Clarke; pe, posterion
commissure ; pr, posterior median fissure ; pi, postero-mesial eolumn ; pr, postorior
roots ; &7, substantia gelatinosa.

1Taken by permission of the author from Ferrier's Functions of the Broin.
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The medullated fibres are supported by a peculiar reticular tissue
(wewroglia) which contains a number of nuclei embedded in it. These
nuclei belong to branched fibrillated cells (neuroglia-cells, fig. 161,
p. 135), of which the neuroglia is wholly composed. The neuroglia is
accumulated in greater amount at the surface of the cord underneath
the pia mater, especially, in the human cord, near the entrance of the
posterior roots (fig. 355), and it extends into the grey matter, of which
it may be said to form the framework, and in which it is especially

Fira. 355 —A SMALL PORTION OF A TRANSVEHRSE SECTION OF THE HUMAN SPINAL
CORD IN THE REGION OF THE LATERAL COLUMN, TO SHOW THE SUPERFIUTAL

NEUROGLIA.
o, e, superficial neuroglia ; &, b, transverse section of liurr. of the lateral eolumn of the
cord, in which the dark points are the axisccylinders, and the clear areas the

medullary substance of the nerve-fibres. The superficial neuroglia is seen to exhibit
the appearance of a fine feltwork in which numerous nueclei and one or two corpers
o glaesn, e, are embedded, and to extend inwards among the nerve-fibres,

accumulated at the apex (capuf) of the posterior horn and around the
central canal.

The grey matter, besides neuroglia, consists of an interlacement of
nervefibres and of the branching processes of the nerve-cells which are
embedded in it.

Disposition of the nerve-fibres of the white columns in tracts, —
The course of the nerve-tracts in the spinal cord, and in other parts of
the central nervous system, can be made out by the method of Flechsig,
which consists in the study of sections of the developing cord, for
it is found that the formation of medullary substance occurs sconer
in some tracts than in others, so that it is easy to make out the
distinetion between them. Thus, the peripheral nerves and nerve-
roots become myelinated in the first half of the fifth month of foetal
life, and, of the tracts of the spinal cord, those of Burdach and Goll
are the first to be myelinated, then the tracts of Flechsig and Gowers,
all of these being sensory or centripetally conducting, while the pyra-
midal tracts, which are motor or centrifugally conducting, do not

i K
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receive their myelin sheath until after birth.! Another method (that
of Waller) consists in investigating the course which is pursued by
degenerations of the nervefibres in consequence of lesions produced
accidentally or purposely. Those tracts in which degeneration of
fibres oceurs below the lesion are termed *descending ™ tracts ; those
in which it oceurs above the lesion are termed “ ascending.”

The cells whence the fibres of any tract arise can frequently be iden-
tified after a lesion of the tract by the chromatolysis or degeneration
of Nissl which they undergo after section of their axons (see p. 133).

Tracts of the posterior column.—The fibres of the postero-mesial
column belong to a tract, known as the tract of Goll (fig. 357, 6), which
consists of fibres derived below from the posterior nerveroots of the
sacral, lumbar, and lower dorsal nerves, which, after having entered

Fii, 357. —DIAGRAM SHOWING
THE ASCENDING (RIGHT SIDE)
AND DESCENDING (LEFT SIDE)
TRACTS IN THE BPINAL CORD.

1, Crossed midal; 2, direet
R_ﬂ'ami : 3, antero-lateral
sscending ; 3a, bundle of Hel-
w4, prepyramidal ; 5, comma:
, postero-mesial ; ¥, postero-
lateral ; B, marginal ; ¢, doraal
cerebellar ; 10, antero- lateral
nscending or mnl:ia.l cerebellar;
#in, septo-marginal; & p.L., su
ﬁﬁhpmmhmtaml ﬁlf'm{dnpr;uri
root-gone of Flﬂchﬂtﬁ}: @ to af,
ups of cells in the anterior
orn ; %, - intermedio - lateral
gronp or eell-column in the
lateral part of the grey matter ;
i, cells of posterior horn; d,
dorsal nueleus or cell-column of
Clarke. The dots represent
‘ gndogenous " fibres (arvising
in grey matter of cord) having
for fha most part o short course,

the postero-lateral columns, pass gradually towards the posterior fissure
and form a distinet tract, which is marked off from the rest of the
posterior column in the cervical region by a slight furrow and a septum
of pia mater. This tract ends in the gray matter of the funiculus
gracilis of the medulla oblongata.

The postero-lateral column (fract of Burdach) is composed of the
fibres of the posterior nerve-roots, which run for a certain distance in
it before entering the grey matter of the cord or medulla oblongata.
Since each mass of posterior root-bundles enters the column close to
the grey matter of the posterior horn it, as it were, pushes the root-
fibres which have already entered nearer to the median fissure ; hence
those which are derived from the lowest nerve-roots are nearest that

! Flechsig finds that the fibres of the posterior roots are myelinated in at least
three stages, and that the postero-lateral tract shows a corresponding differentia-
tion into three chief parts ; the ventral, middle and dorsal root-zones. He suggests
that this differentiation corresponds with functional differences of the fibres.
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fissure, while those which are derived from the highest are nearest the
grey matter. Many of the fibres of this tract pass into the grey
matter of the cord, either immediately on entering or in their
course upwards; the rest are continued into the medulla oblongata
. and there end by arborizing amongst the cells of the nucleus
cuneatus.

Besides the tracts of Burdach and Goll, which are wholly composed of
long “ascending” fibres having their eells of origin in the ganglia on the

terior roots, there are a few fibres which have a shorter *descending ”
course in the posterior column and are believed by some authorities to arise
from descending branches of the posterior root-fibres, by others to arise
from cells in the grey matter of the cord. They form the so-called comina
tract (fig. 357, 5). There are besides a few fibres (septo-marginal), chiefly
accumulated near the median fissure (oval bundle) and near the posterior
surface (median triongle bundle), but also scattered in other parts of the
column, which are derived from cells in the grey matter of the cord itself,
and have a “descending” course in the posterior column ; and others which
arise in the grey matter and have an “ascending ” course in that column,
being specially numerous in its ventral part.

Tracts of the antero-lateral column. At the posterior part of the
lateral column there is a tract of moderately large * descending”
fibres, intermingled with smaller fibres, which are found to run in the
lateral column of the spinal cord from the opposite side of the brain,
after having for the most part crossed at the deeussation of the
pyramids of the medulla oblongata (cressed lateral pyramidal tract, figs.
357, 1; 358, Ia). Intermingled with the fibres of the crossed pyra-
midal tract in the lateral column are a few fibres of the pyramid
which have not crossed in the medulla oblongata, and which are
therefore derived from the cerebral cortex of the same side (unerossed
lateral pyramidal fibrves, fig. 358, 1b). The large fibres which lie in the
anterior columns next to the anterior median fissure, in the upper part
of the human cord, also helong to a portion of the same tract which
haz not undergone decussation (direct pyramidal troct, figs. 357, 358, 2).

The direct pyramidal tract is only found in man and the anthropoid apes.
The pyramidal tracts are composed of “descending ” fibres, which have their
cells of origin in the cerebral cortex (motor region) and end by arborisations
in the grey matter at the base of the posterior cornua of the spinal cord,
In some rodents (rat, mouse, guinea-pig) the pyramidal tractz are in the
posterior colnmns of the cord. The pyramidal tracts are very small in the
lower mammals, and are not found at all in vertebrates below mammals.

The pyramidal tracts are generally regarded as the paths along which
volitional impulses are conveyed from the cerebral cortex to the spinal cord.
But experiments have shown that they are not the only cortico-spinal paths
nor even the most important in many animals, for the paralysis which
results from their section is soon recovered from, whereas that resulting
from section of the anterior column and adjacent part of the lateral column
is more marked and permanent.

Besides the pyramidal tracts there are two other “descending ” tracts of
fibres in the antero-lateral column. One of these (the antero-lateral descending
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traet or tract of Loewenthal, figs, 357, 358, #) lies on the side of the anterior
nmedian fissure, aud extends along the margin of the cord in the * root” zone,
even reaching the anterior part of the lateral column. These filwes are
continued down, pa,rtly from the posterior longitudinal bundle of the mednolla
oblongata and pons Varolii, partly from other sources higher up which will
be afterwards referred to. They end by arborisations in the anterior horn.
(Similar arborisations pass from the posterior longitudinal bundle to the
nuclei of the motor cranial nerves.) It is possible that these fibres of the
antero-lateral descending tract constitute the second path for wvolitional
imﬁulsrﬂﬁ, which has just been referred to.
ut there is another *descending ” tract in the lateral column just in front
of the crossed pyramidal to which this function has also been ascribed.  This
is termed the prepyramidal tract (figs. 357, 358, 4); its fibres end by arborising
in the grey matter of the middle of the crescent ; the situation of its cells of
origin 1s not certain, but it is believed to be in the mid-brain. The tract in
question is there known as Monakow's bundle ; it will be again noticed later on.
Lastly a small triangular group of “descending” fibres traceable from the
neighbourhood of the olive in the medulla oblongata, and passing down the
cervical cord in the anterior part of the lateral column (fig. 357, 3a), (the exact
origin and destination of the fibres is unknown) is termed the bundie of Helweg.

In the lateral column there arve also two asecending tracts. One of
these is only distinet in the cervical and dorsal regions. Here it lies
external to the crossed pyramidal tract, and consists of large fibres
which are derived from the cells of Clarke’s column (fig. 356, f) and
pass up into the cerebellom (divect or dorsal cerebellar tract or tract of
Flechsig, ﬁg. 356 ; ﬁgs. 357, 3568, ). The other one, situated more
anteriorly, lies in front of the crossed pyramidal and direct cerebellar
tracts in the lumbar region ; while in the dorsal and cervical regions
it forms a narrow band of fibres curving round close to the external
surface of the cord, and extending even into the anterior column.
This is the anfero-lateral or ventral cerebellar fract or tract of Gowers
(figs. 357, 368, 10). Its fibres are intermingled with those of the
antero-lateral descending tract. Both these ascending tracts are
connected with the vermis of the cerebellum, the tract of Gowers
passing to that organ over and along with the superior cerebellar
peduncle, whilst the dorso-lateral enters with the inferior peduncle.
According to v. Gehuchten the tract of Gowers gives off a few fibres
to enter the opposite cerebellar hemisphere by the middle peduncle.
Lastly, there is another small tract of fibres undergoing degeneration
above the point of section, marked M in fig. 356. This is the marginal
bundle of Lissauer, and is formed by fine fibres from the posterior
roots. Other portions of the antero-lateral columns near the grey
matter are differentiated by the method of Flechsig, but their function
is not known. They are probably short tracts uniting adjacent por-
tions of the grey matter of the cord.

Disposition of the nerve-cells in the grey matter.The nerve-cells
which are scattered through the grey matter are in part disposed in
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ments (fig. 357), although in other regions of the cord the number of
groups in this situation is reduced to two, a mesial and a lateral. The
larger groups in the enlargements correspond with segments of the
limb ; thus there appear to be groups associated with foot, leg, and
thigh, and with hand, arm, and shoulder movements respectively.
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Fii. 360.—FROM A LONGITUDINAL SEC Fig., 361, -— ARBORISATION OF  (COL-

LATERALS FROM THE POSTERIOR ROOT-
FIBRES AROUND CELLS IN THE POS-
TERIOR HORN OF GREY MATTER. (5.
Ramdn v Cajal.)

TION OF SPINAL CORD, SHOWING THE
ENTRANCE OF POSTERION KOOT-FIBRES.
(8. Ramin y Cajal.)

A, A, fibres entering the postero-lateral

column, and bifurcating into an ascending

and descending division ; B, C, collaterals

ing from them into the groy matter

, other fibrea of the terior white
eolumns also giving off collaterals,

A, fibres of posterior column derived from
posterior root ; B, collaterals ; C, D, nerve.
colls in grey matter surrounded by tho
arborizsations of the collaterals; K, an
arborisation shown separately.,

But in the case of the diaphragm there is a special cell-group or cell-
column in the cervical cord (anterior horn) from which the fibres of
the phrenic nerve arise, so that in this case a cell-group is set apart for
a special muscle. The axis-cylinder processes mostly pass out into the
anterior nerve-roots (fig. 358, m; fig. 362, k), but a few send their
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axons to the anterior column of the opposite side through the white
commissure (fiz. 362, m) or the anterior or lateral column of the
same side (I, n). It is noteworthy that in birds a few cells of the
anterior horn send their axons into the posterior roots. A well-marked
group of large rounded nerve-cells, best marked in the thoracie region,
lies at the base of the posterior horn (Clarke's column, fig. 356, f;
fig. 357, d ; fig. 362, u). The cells of Clarke’s column send their axis-
evlinder processes into the dorsal cerebellar tract, and if this tract be
cut experimentally, the large cells of Clarke’s ecolumn on that side
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Fic, 362 —DIAGRAM SHOWING THE PROBABLE RELATIONS OF S0ME OF THE
CELLS OF THE CORD TO THE WHITE COLUMNS, (On the left side the col-
laterals from the fibres of the white columns are shown passing into the
grey matter.) (8. Ramén y Cajal.)

i, b, fibres of posterior column sending collaterals into the grey matter ; e, d, fibres of
posterior root emtering posterior colummn ; e, f, collaterals passing from lateral and
anterior columna into grev matter; g, &, 4, fibres of white commissure ; j, anterior
root-fibre apringing from &, coll of anterior horn ; ¢, m, », other ealls of grey crescent
sending their axons into the white matter ; o, axon of cell of Clarke's colnmn passing
into the dorsal cerebellar tract; p, nxon of cell of substantin gelatinosa ; g, fibre of
doraal cerebellar tract ; », fibre of thrim' root passing to tract of Lissaner; =, f, cells
of substantin gelatinosa ; w«, eell of Clarke's column.

helow the section undergo Nissl degeneration and eventually atrophy.
There are,. however, a few small cells with short axons in Clarke's
column which do not undergo this change. Another group is seen on
the outer side of the grey matter lying in a projection which is
sometimes known as the lateral horn (lateral cell-column, fig. 356, d ;
357, i). This is most distinet in the upper dorsal and lower cervical
regions.  Another group (middle cell-column) lies in the middle of the
crescent (fig. 356, ¢). The cells of the posterior horn (g) are very
numerous but are not collected into special groups.

The cells which send their axons into the adjacent parts of the white
columns and not into any definite tract are sometimes termed the * cells of
the white columns.”
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Connection of nerve-roots with spinal cord.—The anferior roofs
leave the anterior horn in a number of bundles. Most of their fibres
are directly continued from the nerve-cells there.! On the other hand,
these cells are surrounded by an interlacement of ramified nerve-
endings, which are derived from various sources, especially from
collaterals of the posterior root-fibres (see below), and from those of
the fibres of the adjacent white eolumns.

The fibres of the posterior roofs originate in the cells of the posterior
root ganglia and pass into the postero-lateral column (see diagram,
fig. 358), but the smallest fibres enter the marginal bundle of Lissauer,
and some pass directly into the posterior horn of grey matter. On
entering the spinal cord the fibres bifurcate (fig. 360), one branch
passing upwards, the other downwards.
Both from the main fibre and from its
branches collateral fibres pass at frequent
intervals into the grey matter, and end in
arborisations of fibrils which envelop the
nerve-cells both of the posterior and of
the anterior horn (fig. 361). Many of
the main fibres also ultimately end in a
similar manner in the grey matter, some
after a short course only, but others F'G: 365~ BECTION OF TS CEN
after a longer course. DBut a cnnsic!emble f_l?;‘gnf;iﬂﬂh st il
number of fibres pass upwards in the  rur svrsousDING CExTRAL
postero-lateral and postero-mesial columns e ARFHS (Modarasaly mag:
(in the latter, especially those of the lower
spinal nerves), until they arrive at the medulla oblongata, where they
end in terminal arborisations around the cells of the nucleus gracilis
and nucleus cuneatus.

The central canal of the spinal cord is lined by columnar ciliated
epithelium-cells, which are surrounded by a quantity of neuroglia.
The cells are best seen in the spinal cord of animals and in the
child (fig. 363); in the human adult they have frequently become
proliferated, and their cilia are no longer visible. In the early embryo
their fixed extremities extend through the whole thickness of the cord
to reach the pia mater (fig. 364). This condition is permanent in the
cord of many of the lower vertebrata.

Characters of the spinal cord in the several regions (figs. 354, 356).
—In the eervical region the white matter, especially that of the lateral
columns, occurs in largest proportion. The grey matter in the cervical

1 According to Golgi, the anterior nerve-roots are derived in part from cells in
the posterior horn, and by no means exclusively, although mainly, from the
anterior horn cells.

L)
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enlargement is in considerable amount, and it encroaches especially in
the upper part of the region in the form of a network upon the adjacent
part of the lateral white column. The anterior horns are thick and the
posterior slender. The postero-mesial column is distinetly marked off.

Fia. 364, —BECTION OF SPINAL CORD OF EMBRYO CHICK, SHOWING NEUROGLIA
FIRRES PROLONGED FROM THE EPITHELIUM OF THE CENTRAL CANAL.
(5. Ramdn v Cajal.)

i, dorsal ; #, ventral surface ; ¢, central eanal from which the neuroglia cells and fibres

are seen to radiate to the periphery of the cord. Some deta neuroglia cells are
also represented,

In the dorsal region the grey matter is small in amount, and both
horns are slender. The whole cord is smaller in diameter than either
in the cervical or lumbar region. The columns of nerve-cells known as
Clarke’s column and the intermedio-lateral tract are well marked.

In the lumbar region the crescents of grey matter are very thick, and
the white substance, especially the lateral columns, relatively small in
amount. The isthmus lies nearly in the centre of the cord, whereas in
the cervical and dorsal regions it is nearer the anterior surface. i

In the part of the spinal cord from which the sacral and coceygeal
nerve-roots take origin the grey matter largely preponderates, the
crescents form thick irregular masses, and the grey isthmus is also of
considerable thickness.

Blood-vessels of the spinal cord.—The blood-supply of the grey
matter 18 derived mainly from a series of arterioles, which come off
from the mesially-situated anterior spinal artery, pass into the anterior
median fissure, and at the bottom of this divide each into two branches,
one for the grey matter of each lateral half of the cord (fig. 365).
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In the grey matter is a very close capillary plexus which is supplied
not alone by the vessels just mentioned, but also by small arterioles,
which converge from the small arteries of the pia mater, passing
through the white matter, and supplying this as they pass through it.

Fig, 365, —SEMIDIAGRAMMATIC REPRESENTATION OF THE ARTERIES OF THE CORIL
(After Obersteiner. )

. 8.6, anterior spinal ; ¢, a branch in the groy matter ; =, an anastomotic :1'-"r1:I1'i-rl-.'_ in the
grey matter: O, branch to Clarke's column; «.lp., artery of posterior ILNH'II:_'E:
poma,, postero-mesial ; a.p.e., artery to posterior horn ; p.s.a.. braneh from posterior
Hl}h_t'd.l. to substantin J.,"L']:lti!ll.l.lteil.l.: o, o, P ]';-l_'ri,]||:;|1_-|':|1 arterioles destined 1_‘|!:|I1_':5}‘ for
white matter.

These arterioles are branches of the above-mentioned anterior spinal
artery and of the posterior spinal arteries (which run on each side
along the line of the posterior roots). The capillary plexus of the
white matter is far less dense than that of the grey matter. It forms
longitudinal meshes,

The veins of the spinal cord accompany the arteries. Two longi-
tudinal venous vessels, accompanying corresponding anastomotic
arterioles, are seen, one on either side of the central canal, in most
transverse sections of the cord.
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LESSON XL.
THE MEDULLA OBLONGATA.

Secrions of the medulla oblongata (made in the same way as with the spinal
cord): (a) at the level of the decussation of the pyramids, (4) just above the
decussation, (¢) opposite the middle of the olivary body, and (d), either
through the uppermost part of the olivary body, or just above it.

——— e e e e

The brain consists of three great morphological divisions associated with
the three primary cerebral vesicles of the embryo; they are termed respec-
tively the Eind-hmin, mid-brain, and fore-brain.

The hind-brain is formed of the parts around the fourth ventricle, viz,
the medulla oblongata or spinal bulb, and above this the pons Varolii with
the cerebellum ; the region of the corpora quadrigemina forms the mid-brain ;
whilst all parts above that region, and centering around the third ventricle,
including the optic thalami, the corpora striata, and the cerebral hemispheres,
constitute the flﬂl‘Evl)[‘ﬂil‘j.

The structure of the medulla oblongata or spinal bulb can hest
be made out by the study of a series of sections taken from below
upwards, and by tracing in these the changes which oecur in the
constituent parts of the spinal cord, taking note at the same time
of any parts which may be superadded.

A section through the region=of the decussation of the pyramdis
(fig. 366) has much the same form as a section through the upper
part of the spinal cord, and most of the structures of the cord can
be easily recognised. A considerable alteration of the grey matter
is, however, produced by the passage of the large bundles of the
crossed pyramidal tract (p) from the lateral column of the spinal
cord on each side through the root of the anterior horn and across
the anterior median fissure to the opposite anterior column of the
mednlla oblongata, where, together with the fibres of the direct
pyramidal tract, they constitute the prominent mass of white fibres
which is seen on the front of the bulb, on each side of the middle
line, and which is known as the pyramid. By this passage of fibres
through the grey matter the tip of the anterior horn (a) is cut off
from the rest and becomes pushed as it were to the side ; in sections
a little higher up it appears as an isolated mass of grey matter which
is known as the laferal nucleus (fig. 367, n.l.). DBetween this and the
pyramid the prominence of the olive is also beginning to appear.

The pyramids (or anterior pyramids) of the medulla oblongata are
a direct downward continuation of fibres which originate in the motor
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(Rolandic) region of the cerebral cortex, and which can be traced from
the axons of large cells in the grey matter of that cortex through
the white matter of the hemisphere, through the middle third or more
of the internal capsule and ecrusta, through the pyramid bundles of
the pons Varolii and into these structures (pyramids) of the bulb.  As
we have just seen they pass at the lower limit of the bulb chiefly to

ko et

- Fic. $67.

Fic. 366.—SECTION OF THE MEDULLA OBLONGATA AT THE MIDDLE OF THE
DECUSSATION OF THE PYRAMIDS, {. (Lockhart-Clarke.)

Jyanterior ; fp., posterior fisaure ; «.p., pyramid ; a, remaing of part of anterior cornu,
separated by the crossing bundles from the rest of the grey matter; !, continuation
of lateral column of cord ; K, continuation of substantia gelatinosa of Relando
., continnation of posterior cornu of grey matter: fg., funiculos grocilis,

FiG. 367.—SECTION OF THE MEDULLA OBLONGATA IN THE REGION OF THE
SUPERIOR PYRAMIDAL DECUSSATION. #, (Schwalbe.)

. m,f., anterior median fissure ; fe., superficial arciform fibres emerging from the fissure
py., pyramid; s, nuelens of the arciform fibees ; fo, deep arciform fibres
becoming superficial ; o, lower end of olivary nuclens ; o', accessory olivary nucleus ;
n.f., nucleus lateralis; rfe., formatio reticularis; fa.f, arciform fibres procecdin
from formatio reticularis; g, =ubstantia gelatinosa of Rolando; V., so-call
ascending root of fifth nerve, really descending; s.e., nucleus cuneatus; n.e’,
external cuneate nucleus; fe, funiculus cuneatus ; #w.g., nucleus gracilis ; fg. funi-
enlus gracilis ; pomf., posterior median fissure; c.e, central eanal surrounded by

matter, in which are, »n. X /., nuclens of the spinal aceessory ; and » XL, nucleus
of the hypoglossal ; s.d., supra-pyramidal decussation (decussation of fillet).

the opposite or crossed lateral column of the cord, but partly to the
lateral column of the same side, and, in man and anthropoid apes,
partly to the anterior column (fig. 358), They collectively constitute
the pyramidal tract, which is smaller in the medulla oblongata than in
the pons Varolii, gince many of its fibres terminate in the pons.

It is not a little remarkable that although the fibres of the pyramidal tract
give off numerous collaterals to the grey matter of the cerebral cortex,
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the basal ganglia of the cerebrum, the substantia nigra of the mid-brain,
the nuclei pontis of the pons Varolii, and the base of the posterior horn of
the spinal cord, no collaterals are seen to leave them in their course through
the medulla oblongata, except a very few to the olivary nuclei. Varions
observers have described collaterals and terminations of the pyramidal fibres
as passing to the motor nuclei of the cranial nerves and to the anterior horns
‘of the erilml cord, but statements to this effect, although eurrent in most
text-books, have not been substantiated by recent investigations.

A change also oceurs in the posterior horn in consequence of the
increased development of the posterior column of white matter. This
causes the posterior horns (fig. 366, p ¢) to be pushed towards the side,
the V which they form with one another being thus opened out; at
the same time the tip of the horn swells out and causes a prominence
upon the surface of the medulla, which is known as the tubercle of
Rolando (R). On its outer side and partly embracing it is a bundle
of white fibres seen in every section of the medulla oblongata, and
traceable up to the pons Varolii. This is the inferior or descending
root of the fifth nerve—formerly known as the “ascending” root
(V., fig. 367). Its fibres extend down as far as the upper cervical
region of the spinal cord. Grey matter also soon bhecomes formed
within the upward prolongations of the gracile funiculus (postero-mesial
column), and of the cuneate funiculus (postero-lateral column) (fig. 367,
.., n.c.) appearing at first as thin strands in the middle of the columns,
but rapidly increasing in thickness so as eventually to occupy almost
the whole of them, and forming the nucleus gracilis and the nucleus
cuneatus respectively.

It is in these nuclei that the fibres of Goll's and Burdach’s tracts,
which are continued up from the posterior columns of the spinal cord,
find their ultimate ending in complicated arborisations amongst the
cells of the nuclei. These do not, however, receive all the ascending
branches of the posterior root fibres, for a considerable number of these
have already disappeared by entering the greyv matter of the cord, in
which they apparently also end by arborisation amongst its cells. The
cells of the nucleus gracilis and nuecleus cuneatus are small or of
moderate size with long dendrons. Their axons pass as internal
arcuate fibres through the reticular formation into the inter-olivary
layer, cross the median raphe dorsal to the pyramids (fig. 367, s.d.),
and then turn upwards towards the higher parts of the brain
constituting the fraet of the fillef. This tract, which in its lowest
part is thus formed by the nerve fibres which belong to the second
relay (or second neurones) of the sensory spinal path, is reinforced in
the higher regions of the medulla oblongata and in the pons by fibres
derived from cells of the sensory nuclei of the eranial nerves.

The continuation of the central canal of the spinal cord is still seen in
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the lower medulla oblongata (fig. 367, c.c.), but it comes nearer to the
posterior surface. The grey matter which surrounds it contains two
well-marked groups of nerve-cells; the anterior (ventral) of these is
the lower part of the nucleus of the hypoglossal or twelfth nerve (n. XT1.),
the posterior (dorsal), with smaller cells, that of the wvago-accessory or
eleventh (n. X1.). But most of the grey matter of the erescent becomes

tll ? - e
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Fia. 368.-—SECTION ACHOS= THE MEDULLA OBLONGATA AT ABOUT THE MIDDLE
OF THE OLIVARY BoDY. (Magnified 5 diameters.)

v, raphe ; 1, fillet ; ar.eet., fibre arcoatss externme ; w.ae, nuclous arcuatus ; py, pyramid ;
w0, nuclens dentatus olivee; Lo, hilom olive; se., siliqua olivee ; ace.o., oliva
aceessoria ; w0, nucleus lateralis ; »', portions of grey matter containing large cells,
poerhaps detached from the mucleus lateralis ; a-l i, anterodateral ascending tract ;
X., tenth nerve issuing from side of bulb; eriet., fibee arcuatse internse; V.,
descending root of fifth nerve; s R, substantin gelatinosa Rolandi; r., corpus
restiforme ; #'X., ventral nuecleus of tenth nerve (nucleus ambignus); #.p., nueleus

terior ; 2, fasciculus solitaring (descending root of X, and JX. nerves); ¢, tenia
mtm:hmnnt of ependymal roof of fourth vcutrh:le%; for. formatio reticularis; ». X,
dorsal -apcessory nuclens ; aX /L, npper part of nucleus of twelfth nerve; w.i.,
nuclens of funienlus teres ; p.lLb., posterior or dorsal longitudinal bundle.

broken up, by the passage of bundles of nerve-fibres through it, into a
reticular formation (fa.) the production of which is already foreshadowed
in the upper part of the spinal cord. Instead of the comparatively
narrow isthmus which joins the two halves of the spinal cord, a broad
raphe now makes its appearance ; this is formed of obliquely and
- antero-posteriorly coursing fibres, together with some grey matter
containing nerve-cells,

In the section at about the midile of the olive (fig. 368), it will



312 THE ESSENTIALS OF HISTOLOGY.

be seen that a marked change has been produced in the form of
the medulla oblongata and the arrangement of its grey matter,
by the opening out of the central canal into the fourth ventriele.
This causes the grey matter which lower down surrounded the eentral
canal to be now spread out at the floor of that ventricle, and the
collections of nerve-cells from which the hypoglossal and spinal
accessory nerves respectively arise, now, therefore, lie in a corre-
sponding situation. At this level, however, the outer small-celled
group which corresponds with the nucleus of the spinal accessory in
the lower part of the bulb has become the dorsal nucleus of the vagus or
tenth nerve (n.X.). The nerve-bundles of the roots of these nerves can
be seen in some of the sections coursing through the thickness of the
bulb and emerging, those of the hypoglossal (X7I.) just outside the
pyramids, those of the spinal accessory and vagus (X.) at the side of the
medulla oblongata. The posterior part of the section is chiefly occupied
by the grey matter of the floor of the fourth ventricle, and by fibres
which are passing obliquely upwards and outwards towards the cere-
bellum, forming its inferior crus (resfiform body, r.). The grey matter
forming the nucleus of the funiculus gracilis and of the funieulus
cuneatus is here replaced by some small masses of grey matter with
a number of bundles of nervefibres amongst them (np.). The grey
matter is the lower part of the principal nucleus of the vestibular
nerve (see p. 318), and the white bundles are formed of descending
branches of the fibres of that nerve. DBelow these structures is the
descending root of the Hth (F.), with its descending nucleus (s.f.)
mesial to it. The anterior part of the section is oceupied in front by
the pyramid (p), and behind this by a reticular formation (reficularis
alba), composed of longitudinally coursing bundles of fibres belonging
mainly to the tract of the fillet (f.), interlaced with and reinforced
by fibres that are passing obliquely from the opposite side, through
the raphe, towards the nuclei of the posterior columns and restiform
body (fig. 368, ar, int.). The middle portion of the section consists
for the most part of a similar reticular formation (fr.), but with
more grey matter and nerve-cells (reficularis grisea). Laterally there
is developed within the olive a peculiar wavy lamina of grey matter
containing a large number of nerve-cells; this is the dentafe nucleus
of the olive (n.d.e.). The lamina is incomplete at its mesial aspect
(hilum olivee, fig. 368, h.o.), and here a large number of fibres issue,
and passing through the raphe course as inner arcuate fibres to the
opposite restiform body, and thus to the cerebellum. Some, however,
turn sharply round and course below the dentate nucleus, forming
an investment and capsule to it (siligua olive, fig. 368, s.0.), and
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pass towards the restiform body of the same side, but the main
connection of the olivary nucleus is with the cerebellar hemisphere
of the opposite side. The olives receive numerous collaterals from
the neighbouring white columns, including a few from the pyramids.
Just dorsal, or dorso-lateral to the olive, iz the continuation upwards
of the ventral cerebellar tract (tract of Gowers, a-l.fr.) of the spinal cord ;
the continuation of the dorsal cerebellar fract (tract of Flechsig), just
above it, is now passing into the restiform body.

Nerves arising from the medulla oblongata.— The 12th, 11th, 10th,

Fra., 369 —IMAGHAM SHOWING THE POSITION
AND EXTERT OF THE NUCLEI OF ORKIGIN OF
THE EFFERENT FIERES OF THE OCRANIAL
NERVES,

Fic, 370.—SECTION OF UPPER END OF SPINAL
CORD AT JUNCTION WITH MEDULLA OBLONGATA,
SHOWING THE ORIGIN OF ONE OF THE ROOTS
OF THE SPINAL ACCESSORY NERVE. (Lockhart
Clarke.)

¢, central eanal; 1, anterior fissure; fp, posterior
fissure ; p, lower énd of decussation of pyramids ;
Cla, Clp, roots of first cervieal nerve; X[ spinal

accessory root.

Fia. 369.

9th, and 8th nerves all take origin in the medulla oblongata, and their
fibres may be seen emerging on either side, those of the 12th ventrally
between the pyramid and olive, and those of the other three nerves in
succession at the side of the medulla between the olive and restiform
body.

The XIIth or hypoglessal nerve arises from a wellmarked nucleus
of large cells, similar to those of the anterior horn of the cord. This
nucleus is situated :—in the lower part of the bulb, ventro-lateral to
the central canal; in the upper part, near to the floor of the 4th
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ventricle, close to the middle line (fig. 371, nX1I.). None of the fibres
cross to the opposite side; according to v. Gehuchten, this is true of
all the cranial nerves, except a few fibres of the 3rd nerve and the
whole of the 4th nerve. The hypoglossal nuclens extends throughout
about the lower two-thirds of the bulb (fig. 369, nX71L). It receives
many collaterals from adjacent sensory tracts in the reticular formation
and from the descending sensory nuclei of the 5th, 9th, and 10th
nerves, as well as from the posterior longitudinal bundle.

The XIth nerve or spinal accessory begins to take origin from cells
in the lateral part of the anterior horn of the spinal cord as low down
as the 4th cervical nerve (fig. 370). Its fibres from the grey matter
of the cord (spinal portion) are those to the sternomastoid and trapezius

Friz, 37l.—Prax or THE ORIGIN OF THE XIITH AND XTH NERVES,
g, pyramid ; #. XIL, nuclens of hypoglossal ; XJ1, hypoglossal nerve ; d.on. X, X1, doraal

nucleus of vagus and accessory ; noomb., nucleus ambiguns ; fa, fasciculns u.l;.llitnﬁun

Cosmning ot o, e ey o e
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muscles. The fibres of the bulbar portion (which join the vagus)
take origin in a nucleus of relatively small cells which lies dorso-
laterally to the central canal of the medulla oblongata and behind
the hypoglossal nuclens. This bulbar nuecleus is continuous above
with the dorsal nucleus of the vagus, and with it forms the dorsal
vago-spinal nucleus (figs. 369, aX. XI.; 371, dnX. XI). Its lower
extent is nearly as far as the first cervical nerve; its upper part
(vagal part) is in the floor of the 4th ventricle lateral to the hypo-
glossal nuecleus, and extending nearly as far as the lower border of
the pons. The 12th and 11th nerves are entirely efferent.

The Xth nerve or vagus (pneumogastric) contains both motor
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(efferent) and sensory (afferent) fibres. The efferent fibres arise (1)
from the upper part of the vago-spinal nueleus just deseribed ; (2) from
a nucleus of grey matter containing large cells situated in the reticular
formation (fig. 371, n.amb.). This nucleus begins near the lower limit
of the bulb and extends nearly to the facial nucleus, which it resembles
in general position: it is known as the nuclens ambiguus (ventral or
accessory nucleus of the Xth nerve). The axons of its cells are directed
at first backwards and inwards and then turn sharply round in the
lateral direction to join the rest of the issuing fibres of the nerve.
The sensory fibres take origin in the ganglion of the root and the
ganglion of the trunk of the nerve from unipolar cells like those of
the spinal ganglia (fig. 371, g). They enter the medulla oblongata,
and then bifurcate, one branch, a short (ascending) ome, passing at
once into the upper sensory or principal nucleus, the other, a long one,
descending. The descending fibres (with similar fibres of the IXth)
form the so-called fasciculus solitarius (figs. 368, s; 371, f.s.) (descending
root of wvagus and glosso-pharyngeal), which is traceable to the lower
limit of the medulla oblongata, and they end in grey matter which
lies along its mesial border (descending nucleus of vagus and glossopharyn-
geal). This nucleus approaches the middle line as it descends, and
terminates by joining its fellow of the opposite side over the central
canal to form the commissural nucleus of Ramoén. The upper sensory
nueleus (principal nucleus), in which the short branches from the sensory
root end, lies in grey matter near the floor of the ventricle, and is
continuous with that which accompanies the fasciculus solitarius.

The IXth or glossopharyngeal nerve also contains both efferent and
afferent fibres. The former have their cells of origin in a special
nucleus which occupies a position similaf to that of the nucleus
ambiguus, but is mesial to the anterior end of that nucleus, and just
below the nucleus of the facial (mofor nucleus of glossopharyngeal). The
afferent fibres of the nerve arise in the jugular and petrosal ganglin from
unipolar cells like those of the spinal ganglia. Their central axons
enter the medulla oblongata, and, like other sensory fibres, bifurcate
into two branches, ascending and descending. These end, like those of
the vagus, the descending by passing down in the fasciculus solitarius
(extending to about one-third of its length), and ending by arborising
in the grey matter accompanying it (descending root and nucleus),
while the asecending branches pass nearly horizontally backwards and
inwards to a nucleus (principal nueleus) beneath the inferior fovea of
the ventricle which is continuous with the upper end of the nucleus
of the descending root. The arrangement is almost exactly a counter-
part of that of the vagus shown in the diagram given in fig. 371.
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The VIIIth nerve.—A section taken through the uppermost part of the
olivary prominence will still show very much the same form and
structural arrangements as that just described. The nucleus of the
hypoglossal (fig. 372, n.XII) is still visible in the grey matter of the
floor of the ventricle near the middle line, but the nerve which is now
seen connected with the lateral part is the eighth or auditory (VIII.),
the bundles of which, as they enter the bulb, embrace the inferior
crus of the cerebellum (corpus restiforme, c.r.), which is now passing
into that organ. The origin of the eighth nerve is thus subdivided

Fig., 372, —TRANSVERSE SECTION OF THE UPPERE PART OF THE MEDULLA
OBLOXGATA. §. (Schwalbe.)

py, pyramid ; o, olivary nucleus; ¥, descending root of the fifth nerve; FIIL, root of
the anditory ncrrc,rfurmad of two parts, a, cochlear, and b, vestibular, which inclose
the restiform body, er.; n Fillp., principal nucleus of the vestibular division;
n. Fiffac., accessory nuclens; g, ganglion of the dorsal reot; nff, nuclens of
Eh& funieulus teres; & XIL, nuclens of the hypoglossal; +, raphe; fir., reticular
ormation.

into two principal parts, known respectively as the dorsal or cochlear
and the venfral or vestibular divisions (fig. 372).

The real origin of the nerve fibres in these roots is in the ganglion of the
cocklea and the ganglion of Scarpa respectively. These ganglia, which are
situated at the periphery within and near the internal ear, are composed of
bipolar cells of which the peripheral axons end by ramifying amongst the
cells of the auditory epithelium, and the eentral axons form the cochlear and
the vestibular divisions of the auditory nerve and pass into the medulla
oblongata in the manner here deseribed.

The fibres of the dorsal or cochlear division bifurcate as they enter

the medulla oblongata and pass partly to a mass of ganglion cells
which iz wedged in between the two roots and the restiform body, and
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1s known as the accessory auditory nucleus (fig. 372, n.VIlLac.; 373,
n.acc.), applying themselves with a peculiar form of terminal arborisa-
tion to the cells of this nucleus, partly over the restiform body to
terminate in a prominent mass of grey matter which overlies that
body and also extends to the lateral part of the floor of the fourth
ventricle at its widest part (fuberculum acusticum). The cells of the
tubercle have a peculiar spindle shape and are set vertically to the
surface. They begin to appear in the root itself lying amongst the
fibres of the nerve (fig. 372, g). Here they are sometimes spoken of
as forming the “ganglion of the root.”
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F16. 373.—PLAN OF THE COURSE AND CONNECTIONS OF THE FIBRES FORMING
THE COCHLEAR ROOT OF THE AUDITORY NERVE.

1., restiform bedy ; F., descending root of the fifth nerve ; tub.ee., tubereulum‘acusticum ;
m.aee., Accessory nucleus; so., superior olive; m.try nuclens of trapezium; = V1,
nucleus of sixth nerve ; VI, issuing root fibre of sixth nerve.

These two nuclei, viz., the accessory nucleus and the acoustic tubercle, are
the nueclei of enﬁing of the cochlear fibres. From their nerve-cells new fibres
arise which continue the auditory path centrally (see fig. 373). Those from
the accessory nucleus enter the trapezium—which consists of transverse fibres
running behind the pyramid bundles of the pons Varolii—and pass in it
partly to the superior olive and trapezoid nuclens of the same side of the
pons, but mostly to the corresponding structures on the opposite side, some
ending in those nuclei, but others merely traversing them, giving off numerous
collaterals to them and to certain other nuclei close by (see p. 321), and then
turning upwards in the lateral part of the tract of the fillet to pass ulti-
mately towards the inferior corpora quadrigemina; in tending towards
these structures at the side of the mid-brain they form the lateral piller,
or fillet of Reil, which is there conspicuous. The fibres which arise in the
acoustic tubercle pass for the most part over the floor of the fourth ventricle,
where they are seen superficially as the medullary strie, and, entering the
raphe, traverse it from behind forwards, and then join the others from the
accessory nucleus in their course to the superior oliveand fillet. A few fibres
are directed into the fillet of the same side as their cells of origin.
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The accessory nucleus also receives fibres from the trapezium, which end
by ramifying amongst itscells. These are perhaps derived from the accessory
nucleus of the opposite side.

Both sets of fibres (from the accessory nucleus and tuberculum) give off
collaterals near their origin from the cells, which terminate within these
nuclei.

The ventral or vestibular division passes in between the restiform body
and the descending root of the fifth (fig. 372), to enter a mass of grey
matter containing for the most part cells of small size, which is termed
the principal nuclens of the vestibular division (fig. 372, n. ViILp.). Here
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Fig, 374.—PLAN OF THE COURHE AND CONNECTIONS OF THE FIBRES FORMING
THE VESTIBULAR ROOT OF THE AUDITORY NERVE.

r,, restiform body ; V., descending root of fifth nerve ; p., principal nucleus of vestibular
root ; d, fibres of descending vestibular root ; n.d., a cell of the descending vestibular
nuclens ; [, nucleus of Deiters ; B, nucleuns of Ei.hciitarsw; . t., nucleus tecti (fastigii)
of the cerebellum ; p.b.b., posterior longitudinal bundle.

each of its fibres divides with a Y-shaped division into an ascending
and a descending branch. The descending branches are collected into
small bundles (descending vestibular voof) which run downwards towards
the lower part of the medulla oblongata, and gradually end by
arborising around cells in the adjacent grey matter (descending ves-
tibular nuclens), which is continued down from the principal nueleus.
The ascending branches pass upwards on the inner side of the restiform
body towards the cerebellum. In their course they give off numerous
collaterals which arborise round the large cells of two nuclei which
occur in this part of the medulla oblongata and pons near the outer
part of the floor of the fourth ventricle. These two nuclei are
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termed the nucleus of Deiters and the nucleus of Bechterew vespectively
(fig. 374).

The nuclens of Deiters is especially characterised by the large size of its
cells and by the manner in which they are enveloped as by a basket-work
with the ramifications of the collaterals in question. From these cells fibres
arise which pass to the posterior longitudinal bundles of both sides : in these
the fibres bifurcate, one branch passing upwards to the oculomotor nucleus
and the other downwards, eventually reaching the anterior column of
the spinal cord (antero-lateral descending tract) and terminating by arbori-
sations amongst the cells of the anterior horn (see p. 301). The fibres

which originate in the nueleus of Bechterew pass into the reticular forma-
tion and become longitudinal, but their destination is not certainly known.

The reficular formation (fig. 372, fir.) still oceupies the greater part of
each lateral half of the bulb between the grey matter at the floor of
the fourth ventricle and the pyramids ( py), and a small portion of the
olivary nucleus (o) may still be seen, as may also the descending root
of the fifth nerve (/) with its adjacent grey matter. The restiform
body (cr.) is formed partly of the fibres of the cerebellar tract of
Flechsig of the same side, which are derived below from the cells of
Clarke’s column, and pass above into the middle lobe of the cerebellum,
partly of fibres from the opposite olivary nucleus, and partly of fibres
from the olivary nucleus of the same side. There may also be some
fibres derived from the nucleus gracilis and nucleus cuneatus of the
opposite side.

All these fibres, except those of the tract of Flechsig, pass mainly to the
cerebellar hemisphere. The restiform body is said also to receive some fibres

from a nucleus which lies just outside the grey matter of the funiculus
cuneatus, known as the cuter cuneate nucleus (see fig. 367, n.c'.).

The floor of the fowrth wvenfricle is covered by a layer of ciliated
epithelinm-cells, continuous below with those lining the central canal,
and above, through the Sylvian aqueduct, with the epithelium of the
third and lateral ventricles. The epithelium rests upon, and the pro-
longed extremities of its cells assist in forming, a layer of neuroglia
known as the ependyma of the ventricle. The fourth ventricle is roofed
over by a thin layer of pia mater, with projecting choroid plexuses, the
under surface of which is covered by a thin epithelial layer continuous
at each side with the ciliated epithelium of the floor. The roof becomes
somewhat thickened as it 1s continued into the ependymal layer of the
floor of the ventricle ; this thickened part (fenia or ligula, fig. 368, 1),
is often left attached when the thin epithelial roof is removed along
with the pia-mater which covers it.
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LESSON XLL
THE PONS VAROLII AND MESENCEPHALON.

1. Secrions through the lower, middle, and upper parts of the pons Varolii.

2. Sections across the region of the corpora quadrigemina, one at the level
of the inferior, the other at the level of the superior, pair.

In all the above sections sketch.under a low power the general arrange-
ment of the grey and white matter, inserting the positions of the chief groups
of nerve-cvells.

[The tissue is hardened and the sections are prepared, stained, and mounted
in the same way as the spinal cord and medulla OBR ngata ]

Pons VAROLIL

Sections through the pons Farolii (figs. 375, 378) show very much
the same arrangement of grey and white matter as that which is met
with at the upper part of the medulla oblongata, but the general
appearance of the sections is much modified by the presence of a large
number of transversely coursing bundles of nerve-fibres, most of which
are passing to or from the hemispheres of the cerebellum (fibres of
middle peduncle of cerebellum).  Intermingled with these bundles is a
considerable amount of grey matter (nuclei pontis) from the cells of
which many of the fibres of the middle peduncle of the opposite side
appear to be derived, while other of these fibres arise in the hemisphere
and passing to the raphe become lost amongst the cells of the opposite
nucleus pontis; some of them may pass to the reticular formation,
there becoming longitudinal. Amongst the cells of the nuclei pontis
many fibres and collaterals of the pyramidal tract end and the cortico-
pontine fibres also probably terminate here. The continuation of the
pyramids of the medulla (py) is embedded between these transverse
bundles, but the pyramid bundles of the pons are much larger than
the pyramids of the medulla oblongata, and in addition to fibres of
the pyramidal tract proper (cortico-spinal system) derived from the
Rolandic area of the cortex, they are largely composed (especially the
postero-lateral bundles) of fibres (cortico-pontine system) connecting
other regions of the cortex with this part of the hind brain. The
pyramidal bundles are separated from the reticular formation by
deeper transverse fibres, which belong to a different system from
those of the middle peduncle. They form what has already been
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studied as the trapezium (figs. 373, 375); a collection of fibres which
forms part of the central auditory path, and some of which appear
to be commissural between the auditory nuclei of the two sides. The
fibres of the trapezium traverse a collection of nerve-cells which lies
mesial and ventral to the superior olivary nucleus, and is known as
the nucleus of the trapezium (fig. 373, a.tr). The olivary nueleus is no
longer seen, but there are one or two small collections of grey matter,

Fic. 37H, —TRANSVERSE SECTION THROUGH THE LOWERMOST PART OF THE PONS
varoLil. 4. (From a photograph.)

. V., fourth ventricle ; ¢, white matter of cerebellar hemisphere ; e.d., corpus dentatum ;
L, floceulus § e, corpus restiforme ; #, bundle of Roller, comaposed of the descending
nches of the vestibular nerve ; I, nucleus of Deiters ; Fil[., issuing root of auditory
nerve; VI, principal nueleus of the vestibular nerve nucleus ; FIfLv., nuclens of
cochlear portion ; (., trapesium ; n.tr., its nucleus ; f fillet ; p.lb., posterior longi.
tudinal bundle ; fr., formatio reticularis ; », #°, 7, various nuclei within it; F.a.,
deseandi root of fifth nerve ; a4, substantia gelatinosa; so., superior olive:
FII., issuing root of facial nerve; n.FiL, its nuclens; FfL, root-bundles of sixth
nerve ; py, pyramid bundles ; #.p., nuclei pontis.

more conspicuous in some ammals than im man, which lie in the
ventral part of the reticular formation, and are known as the superior
olivary nucleus (0.8.), the preolivary nucleus, and the semilunar nuclens
(Ramdn y Cajal). All these, as well as the nucleus of the trapezium
itself, are connected with the fibres of the trapezium which form the
central auditory path, some of these fibres either ending in the nuclei

in question or giving off to them numerous collaterals; whilst from
X
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the cells of the nuclei axons pass into the trapezium or into the
adjacent lateral part of the fillet (see p. 317). The nucleus of Deilers,
which begins to appear in the upper part of the medulla oblongata
(p. 319), extends into the pons Varolii, where it lies near the floor
of the fourth ventricle, a little mesial to the restiform body (D, fig.
375).  The nervedfibres connected with its cells pass towards the
middle line and enter the posterior longitudinal bundle. Here they divide
(Ramén), one branch passing upwards in the bundle and terminating
by arborescence chiefly in the opposite oculomotor nucleus: the other
branch extending downwards in the medulla oblongata and cord. In

F1G. 376.—PLAN (TRANSVEERSE) OF THE OKIGIN OF THE SIXTH AND SEVENTH
NERYES.

Fl., sixth nerve ; FfIL, seventh nerve ; a, FI1., ascending part of root of seventh shown
cnt acrosa near the floor of the fourth ventricle; g, germ of seventh nerve-root; n VL,
chief nucleus of the sixth nerve ; «. Fi., accessory nucleus of sixth ; «. VI, nuclens
of seventh ; J. ., descending root of fifth ; pyr, pyramid bundles; FILv., vesti.
bular root of eighth nerve,

the spinal cord they are found in the antero-lateral descending tract ;
fibres from each nucleuns of Deiters occur in both of these tracts
(K. H. Fraser). They terminate by arbhorescence in the anterior horn
of grey matter.

The nerves which take origin from the grey matter of this region are
part of the eighth, the seventh, the sixth, and somewhat higher up the fifik
cranial nerves (see figs. 369, 373, 374, 376, 377). Of these the eighth
(already considered) and fifth are connected with groups of nerve-cells
which occupy the grey matter opposite the external border of the
Hoor of the ventricle ; the sixth with a nucleus which is also placed
in the grey matter of the floor of the ventricle but nearer the middle
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line, and the seventh with a special nuclens which lies in the formatio
reticularis.

The VIth nerve (abducens).— The fibres of the sizth nerve (figs. 373,
376), which are purely motor, pass out from the mesial aspect of the
nucleus and turn forwards; traversing the pyramid bundles they
emerge at the lower margin of the pons. A few fibres are derived from
a small venfral nuclens lying near the nucleus of the facial ; these run at
first backwards and then turn forwards to join the others (v. Gehuchten)
(fig. 376, n' VL).

The VIIth or facial nerve.—The motor fibres of the seventh nerve
first pass backwards to the floor of the ventricle, then longitudinally
upwards for a short distance (figs. 369, 376), and finally bend forwards
and downwards to emerge between the transverse fibres at the side of the
pons. None of its fibres are derived from the nucleus of the sixth,
as has sometimes been supposed. As it curves over this nucleus it
gives off a bundle of fine fibres which ecross the raphe, but their
destination 1s unknown. The nucleus of the facial receives collaterals
from the adjacent sensory tracts in the formatio reticularis. The
facial is not a purely motor nerve, but has a ganglion upon it of the
spinal type (geniculate ganglion) from which fibres arise which pass
centrally into the pars intermedia of Wrisberg which enters the pons
between the seventh and eighth nerves, and the fibres of which
bifurcate into aseending and descending branches like other sensory
nerves ; the descending branches have been traced down to the
sensory nucleus of the glossopharyngeal. The peripheral axons of the
cells of the geniculate ganglion pass into the large and superficial
petrosal and chorda tympani—the gustatory fibres of which they
probably furnish. ¢

The Vth or trigeminal nerve (figs. 377, 378) emerges at the side of
the pons in two roots, a smaller motor and a larger sensory. The
motor root is derived partly from fibres which arise in the upper part
of the pons and lower part of the mesencephalon from large spherical
nerve-cells lying at the side of the grey matter bounding the Sylvian
aqueduct (accessory or superior motor nuclens of fifth, fig, 369, nlms),
partly from the mofor nucleus proper (figs. 369, nFm ; 378, mnF") which
lies in the grey matter at the lateral edge of the fourth ventricle.
The fibres of the sensory root are derived from the cells of the
(Gasserian ganglion which are homologous with the cells of the spinal
ganglia. These fibres of the sensory root when traced into the pons
are found to bifurcate, the ascending branches ending in a mass of
grey matter (principal sensory wnuweleus of the fifth, figs. 378, psn.V.;
278, n.F.) lying just lateral to the motor nucleus, while the descending
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branches trend downwards into the medulla oblongata where they form
the descending or spinal root of the fifth (fig. 378, d.s.F.), and some
even reach the upper part of the spinal cord. They lie immediately
lateral to and in close connection with the substantia gelatinosa Rolandi
which forms the inferior sensory nucleus (d.s.n.V.), and which is con-
tinned above into the principal nucleus. The substantia gelatinosa
which forms the sensory nuclens of the fifth contains numerous
nerve-cells, both small and large ;: many of the small cells are grouped
into nest-like clusters (islands of Calleja). The axons of the larger cells

Fig. 3T7.—OBLIQUE SECTION ©OF THE PONS ALONG THE LINE OF EXIT TRA-
VERSED BY THE FIFTH NERVE. .

The section passes through the lower part of the motor nueleus (ar’) from which a bundle
of fibres of the motor root is seen ing, F*; o part of the u sonsory nuclens
{nv) i also shown in the section in the form of & numher of isolated portions of
grey matter. Amongst these are still a few bundles of the descending root, but
most of these have already become diverted ontwards to join and assist in forming
the main or sensory root, F; [, amall longitudinal bundle of fibres near the median
suleus (m.s,), passing outwards to join the root of the fifth nerve ; rfv., formatio
reticularis ; v, raphe ; &7, substantia ferruginea.

pass for the most part across the raphe to the formatio reticularis of
the opposite side where they reinforce the ascending fibres of the
mesial fillet, but some ascend in the fillet of the same side, and others
pass to a special ascending bundle of fibres which lies nearer the floor
of the fourth ventricle.

Descending tracts in the pons and medulla oblongata.— Besides the
fibres of the pyramids, which are much more numerous in the pons
than in the medulla oblongata and which send numerous collaterals
into the grey matter of the nuclei pontis, there are several tracts of
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other fibres in the pons and medulla. One of these, which is very
distinet, lies just ventral to the grey matter of the floor of the fourth
ventricle, near the middle line ; this is the dorsal or posterior longitudinal
bundle ; it appears to afford connection between Deiters’ nucleus, the
oculo-motor nucleus, the nuclens of the sixth, and the anterior horn
cells of the spinal cord ; it probably also receives fibres from the axons
of the large cells of the formatio reticularis. This tract has already
been referred to (pp. 319 and 322) and will be again noticed (p. 329).
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Fic. 378. —PLAN OF THE ORIGIN OF THE FIBRES OF THE FIFTH NERVE.

7, Gasserian ganglion ; a, b, e, three divisions of the nerve; w'.a. i, superior motor
nuclens ; m.a ., principal motor nucleus; p.en. V., principal sengory nucleus
e V., descending sensory nucleus ; d.s V., descending root; eV, V., central
sensory tracts composed of fibres emanating from the sensory nuecled; », plane of
the raphe.

Other descending tracts in the pons which are not so distinetly marked in
the normal condition, but which can be traced by the methods of Waller and
Flechsig (see pp. 296, 298) are :-—1. Monakow's tract or bundle ; 2. The ventral
longitudinal bundle ; 3. The ponto-spinal lateral tract ; 4. The vestibulo-spinal
tract; 5. The central tract of the tegmentum. Monakow's tract has already
heen seen as the prepyramidal tract of the spinal cord (p. Hﬂld). Ttz fibres
are said to arise from the cells of the red nucleus of the mid-brain of the
opposite side, crossing the raphe in Forel's decussation (p. 330). In the
upper part of ﬂlEJ)OnS it is dorsal to the mesial fillet, but lower down lies
at first mesial and still lower ventral to the descending root of the fifth,
eventually passing into the lateral colomn of the cord.

i
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The ventral longitudinal bundle consists of fibres which arise in the opposite
superior quadrigeminal body ; these cross the raphe in Meynert's decussation
(p. 330), and run down ventro-lateral to the posterior longitudinal bundle,
giving off collaterals to the oculo-motor nuclei and the nuclei of the fourth
and sixth nerves as it descends.  Its fibres eventually mix with those of the
posterior longitudinal bundle, and pass into the anterior column of the cord,
joining the antero-lateral descending tract (p. 301).

The ponto-spinal lateral tract is formed of fibres which arise from the large
cells of the reticular formation, and run down within the lateral area of this
formation in the pons and medulla to reach the part of the lateral column of
the cord which lies between the grey matter and the tracts of Monakow and
Gowers. It is, however, mixed here with many fibres of different origin.
The destination of its fibres is similar to those of the posterior and ventral
longitudinal bundles, viz.: the adjacent grey matter of the anterior horn.

The vestibulo-spinal tract is composed of fibres derived from the cells of the
nucleir of Deiters and Bechterew, and is therefore similar in its origin to.the
fibres of the posterior longitudinal bundle. Their destination is also similar
for they pass below into the anterior root zone of the cord and end in the
grey matter of the anterior horn, but in their course downwards they lie in
the lateral part of the medulla oblongata mixed up with those of Monakow’s
tract and the ponto-spinal tract, as well as with the ascending fibres of
Gowers' tract.

The central tract of the tegmentum runs in the pons exactly in the middle
of the reticular formation, but in the medulla oblongata it lies more vent-
rally near the olivary nucleus, beyond which it has not been traced. Although
a distinet bundle in the mid-brain, pons and medulla, neither the origin nor
the destination of its fibres is certainly known.

Ascending tracts in the pons and medulla ﬂblﬂmtl.TIIl the
ventral part of the reticular formation is a very well marked
tract of fibres, somewhat flattened (narrow in section) from above
down ; this is the fract of the fillef. Its fibres are partly derived from
cells in the nuelei of the opposite fasciculus graecilis and fasciculus
cuneatus of the medulla oblongata which have crossed the raphe as
internal arcuate fibres ; partly from nueclei connected with the termina-
tions of the sensory cranial nerves. But most of the fibres which
continue the sensory path of the eranial nerves upwards lie in the
formatio reticularis (tegmentum), somewhat dorsal to the tract of the
fillet, forming a homologous tract, less clearly defined, which runs up
through the pons and mid-brain to terminate in the subthalamic region
and in the optic thalamus (cenfral fract of the sensory cranial nerves).

In the mid-brain the fillet splits up into three distinet bundles of fibres
termed resl}e::tively the lateral or lower, the upper, and the mesial fillet. The
fibre= of the lateral fillet are seen at the side of the mesencéphalon, and
are traceable to the grey matter of the inferior corpora quadrigemina ; those
of the upper fillet go partly to the superior corpora quadrigemina and partly
to the tegmental region of the mesencephalon and thalamus; while those

of the mesial fillet pass to the side of the crusta and are continued up
into the subthalamic region. Intermingled amongst the ascending fibres of

=1

the tract of the fillet, there are a certain number which dezenerate below
a section of the tract and are therefore descending |‘:13-a11t11'I:rifugaﬁ‘:f1 -

At the upper part of the pons (fig. 379) the fourth ventricle narrows
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considerably towards the Sylvian aqueduct, and behind and on either
side of it two considerable masses of longitudinal white fibres make
their appearance. These are the superior peduncles of the cerebellum
(s.e.p.), and they tend as they pass upwards gradually to approach the
middle line (fig. 380, A), across which in the region of the posterior
pair of the corpora quadrigemina they pass, decussating with one
another, to the formatio reticularis of the opposite side (figs. 381, 382).

Fia. 379.—TRANSVERSE SECTION THROUGH THE UPPER PART OF THE PONA.
(Schwalbe.) Rather more than twice the natural size.!

p, transverse fibres of the pons; py, py, bundles of the pyramids; a, boundary line
between the tegmental part of the pons and its ventral part; [, I', lateral fillet;
{2, mesial fillet ; fv., formatio reticularis; pol, postérior longitudinal bundle; sep.,
superior cercbellar lunele ; von., superior meduallary velum ; &, grey matter
of the lingula ; v.4, fourth ventricle; in the grey matter which bounds it laterally
are seen, o, F., the superior motor root of the g[m nerve, with its nucleus ; 2./,
substamtin ferruginea; goe, group of cells continuous with the so-called nucleus of
the agueduct.

The fibres of the superior cerebellar peduncles for the most part take origin
in the cerebellum, emerging from its dentate nucleus, from the cells of which
they are partly if not wholly derived. They cross the raphe in the mid-
brain and terminate in the red nucleus of the tegmentum ; but some of them
give off a branch within the peduncle before crossing, and these branches
are described by Cajal as forming a descending cerebellar bundle which passes
downwards towards the medulla oblongata on the inner side of the descend-
ing root of the fifth, and gives off collaterals to the motor nuclens of the fifth,
to the facial nuclens and perhaps to the nuclens ambiguus, as well as others
to the reticularis grisea. There is also one bundle of fibres in the superior
peduncle which are derived from cells in the thalamus and which pass Hf)wn—

wards in the peduncle.

The antero-lateral ascending tract of the spinal cord 1s continued up

| The details of this and of several of the preceding figures are filled in under a somewhat
higher magnifying power than that nsed for tracing the outlines,
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in the lateral column of the medulla oblongata dorso-lateral to the olive
and through the ventral part of the pons Varolii lateral to the pyramid
bundles, but at about the level of the exit of the fifth nerve its fibres
begin to pass obliquely towards the dorso-lateral part of the pons,
where the superior cerebellar peduncle is emerging from the cerebellar
hemisphere. The tract in question now curves over the lateral aspect
of this peduncle, and then takes a sharp backward turn, passing over its
dorsal aspect to enter the middle lobe of the cerebellum in the superior
medullary velum,

Mip-BraiNn or MESENCEPHALON.

In sections across the mesencephalon (figs. 380 to 383), the upward
continuity of the parts which have thus been described in the lower
parts of the nerve-centres can still in great measure be traced.

F16. 380. —SECTION THROUGH THE ORIGIN OF THE FOURTH NERVE. §. (Schwalbe.)

A, trangverse section at the place of emergence of the nerve-fibres. B, oblique section
carried along the course of the bundlea from the nucleus of in to the place of
emergence, Aq, Sylvian aqueduct, with its uurrnundin&g'mr matter; fV, the nerve-

bundles emerging ; 79, decussation of the nerves of the two sides; /F”, a bundle
passing downwards by the side of the agueduct to emerge a little lower down ; n. /¥,
nucleus of the fourth nerve; I, lateral fillet ; a.c.p., superior cerebellar peduncle ; o, V,
superior motor root of the fifth nerve; pf, posterior longitudinal bundle ; », raphe.

The Sylvian aqueduct (fig. 382, Sy), with its lining of ciliated
epithelium, represents the central canal of the cord and the fourth
ventricle of the medulla oblongata. In the grey matter which sur-
rounds it (central grey matter) there is seen in all sections of the region
a group (column) of large nerve-cells (oculomotor nucleus) lying ventrally
on each side of the middle line, close to the reticular formation. From
the lower part of this column the root-bundles of the fourth nerve arise
at the lower part of the mesencephalon and pass obliquely backwards
and downwards around the central grey matter, decussating with those
of the opposite side to emerge just above the pons Varolii (fig. 380).
Higher up, the bundles of the third nerve spring from a continuation
of the same nucleus (fig. 383, n.JIl), and these pass forwards and
downwards with a curved course through the reticular formation, to
emerge at the mesial side of the crusta. Acecording to v. Gehuchten
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some of the fibres cross the middle line and emerge with the nerve
of the opposite side.

Posterior longitudinal bundle.--This iz well marked in the mid-brain,
and gives off many collaterals and terminal fibres to the oculomotor nucleuns
which is immediately dorsal to it. The bundle largely, if not entirely, con-
sigts of nerve fibres derived from the cells of Deiters’ nuclens (see p. 319),
which on reaching the situation of the bundle, either on the same or on the
opposite side, bifurcate, one branch ascending the other descending (orit may
happen that the fibres s unbranched, some up and some down in the
bundle). Some fibres of the bundle pass beyond the oculomotor nucleus,
These are very fine; they end in the nucleus of the posterior longitudinal
bundle, which lies immecriately in front of the oculomotor, but some are
stated to enter the thalamus.

The bundle also gives collaterals to the nucleus of the sixth as it passes
near this, and perhaps others to the nuclei of other cranial motor nerves,

Firg, 381.—0UTLINE OF TWO SECTIONS ACROSS THE MESENCEPHALOM.
Natural size.

A, through the middle of the inferior corpora quadrigemina, B, throngh the middle of
the superior corpora quadrigemina. e, erusta ; sa., substantin nigra; f, teg-
mentum ; &, Sylvian aqueduocet, with its surrounding grev matter; c.q., rrey matter
of the corpora quadrigemina; Lg., lateral groove; pf., posterior longitudinal
bundle ; «. F., superior root of the fifth nerve; s.e.p., superior corebellar peduncle ; f,
lateral fillet: II1., third nerve: w0/, its nucleus. The dotted cirele in B indieates
the situation of the tegmental nuclens.

Its descending fibres are eventually continued down the spinal cord in the
antero-lateral descending tract, and give off collaterals to the anterior
horn. .

The posterior longitudinal bundle receives fibres from other sources than
the cells of Deiters’ nucleus, e.g. from the large cells of the sensory nuclens
of the 5th, and from large cells in the reticular formation of the medulla

oblongata, pons and mid-brain.

Tegmentum.—The reticular formation of the pons is continued up
into the mesencephalon, and is here known as the fegmentum. It is
composed as before of longitudinal and transverse bundles of fibres
with much grey matter intermingled. The transverse fibres include
the decussating fibres of the superior peduncles of the cerebellum (s.c.p.),
which are derived from cells in the dentate nucleus of the cere-
bellum, and on reaching the opposite side bifurcate, their ascending
branches becoming gradually lost amongst a number of nerve-cells
which collectively constitute what is known as the red wueleus
or nucleus of the fegmentum, whilst the descending branches turn
downwards in the reticular formation (Ramdn y Cajal) (see p. 327).
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The ecells of the red nucleus send their axons downwards and forwards.
They are believed to form Monakow’s bundle, which is continued below into
the pre-pyramidal tract of the spinal cord. Other longitudinal fibres of the
tegmentum are those of the fasciculus retroflerus lying mesially to the red
nuclens and passing obliquely downwards and inwards from the ganglion
of the habenula to the interpeduncular ganglion of the opposite side ; those
of v. Gudden's bundle from the corpora mammillaria; and the ventral longi-
tudinal bundle, which passes la,t.eralpti} the red nuecleus and Emrt-ly through it.
But although the red nuclens receives many collaterals from this bundle
its fibres are mainly derived, according to Held and Ramdn, from cells in
the grey matter of the opposite anterior corpus guadrigeminum, which send
their axons sweeping round the central grey matter just central to the pos-
terior longitudinal bundle to cross in the raphe, where they form the
Sfountain decussation of Meynert (fig. 382, d). This is not to be confounded
with the fountain decussation of Forel (d), which lies nearer the ventral part
of the tegmentum, and is partly formed by the intercrossing of Monakow's
bundle and partly by v. Gudden’s bundle coming from the corpora mammil-
laria to end in the tegmentum, The downward continuations of these tracts
have for the most part already been considered (p. 326).

The continuation upwards of the fillet is also apparent in this part of
the brain. Some of its fibres are seen passing in an oblique manner to
the side of the mesencephalon, to the grey matter of the prominences
of the posterior corpora quadrigemina.

This part is the lateral fillet (see p. 317) which is formed chiefly by fibres
derived from the accessory auditory, the inferior olivary, and the trapezoid
nuclei of the opposite side. 1n its course it traverses the lateral fillet nucleus,
which consists of eells interpolated amongst its fibres (the greater number in
the lower part near the superior olive), amongst which some of the fibres and
many collaterals from them end. Their axons trend inwards towards the
raphe. The rest of the fillet is continued upwards in the ventral part of
the tegmentum (p. 326).

Crusta.—The pyramid bundles of the pons are traceable upwards on
each side into the crusta or pes pedunculi (figs. 381, er., 382, 383, p.p.).
This forms a mass of longitudinally coursing bundles of fibres lying on
the ventral aspect of each half of the mesencephalon, and diverging
above into the internal capsule of the cerebral hemisphere.

The fibres of the crusta are continued below into the so-called * pyramid
bundles” of the pons—which however contain, as we have seen, many more
fibres than those of the pyramidal tract. This is also therefore the case with
the bundles of the crusta in which the pyramidal tract proper—composed of
fibres emanating from the motor region of the cortex cerebri—is confined to
the middle three-fifths, whilst the mesial fifth is mainly oceupied by fibres
assing from the frontal region of the brain to the pons; and the lateral
ifth by fibres the origin and functions of which are not certainly known,
although it is not improbable that they are connected directly or indirectly
with the regions of the hemisphere behind the Rolandic area. In the
extreme lateral and dorsal angle of the crusta is a bundle which is said to be
derived from the mesial fillet, and to be composed of ascending fibres which are
passing towards the cortex either directly or by way of the optic thalamus.

The crusta is separated from the tegmentum by a layer of grey
matter (s.n.) containing a number of very deeply pigmented nerve-cells
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(substantia nigra). The substantia nigra receives many collaterals from
the adjacent pyramid bundles of the erusta. The erusta and tegmen-
tum, together with the intervening substantia nigra, constitute the
cerebral peduncle or crus cerebri.

Between the cerebral peduncles, just where they diverge from the mass of
transverse fibres of the pons, is seen close to the ventral surface of the

G

Fra. 382, —SECTION ACHOSS THE MID-BRAIN THROUGH THE INFERIOR PAIR OF
CORPORA QUADRIGEMINA. Magnified about 3% diameters. (From a photo-
graph.)

Sy., aqueduct of Sylvius; egr., central grey matter of the agueduct; w fiALTF, group
of cells forming part of the conjoined nucleus of the third and fourth nerves; cg.p.,
one of the posterior corpora lﬁlmdrigemtm.: gr, median groove separating it from
that of the opposite side; str.l., stratum lemnisci (layer of the fillet), forming its
superficial layer ; f, upper fillet ; 7, lateral fillet ; 4. V., aceessory root of fifth nerve;
p.lb, posterior longitudinal bondle; fet, formatio reticularis tegmenti ; o, o,
decussating fibres of tepmenta (fountain-decussation of Meynert and Forel); s.ep.,
superior cerebellar Pedumle: v, pes pedunculi {erusta) ; sn., subatantin nigea
i p., interpeduncular ganglion.

brain a small mass of grey matter containing a large number of small nerve
cells with large and irregular dendrons, and axons which are directed dorsally
into the tegmentum.  This is the snterpeduncelar ganglion (fig 382, g.ip.) ;
it receives on either side the ending of the fuscieulus retroflevus (Meynert's
bundle), a bundle of fibres which comes from the ganglion of the habenula, a
collection of nerve cells near the superior and mesial part of the thalamus,
close to the commencement of the third ventricle (see fig. 404). These ganglia
-are both much better marked in many of the lower animals than in man.
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The prominences of the corpora quadrigemina are formed mainly
of grey matter containing numerous nerve-cells. From each a bundle
of white fibres (brachium) passes upwards and forwards towards the
geniculate bodies, eventually joining the optic tract of the same side.
In the superior corpora quadrigemina four layers can be distinguished
viz.: superficially, a thin white stratum containing a few horizontally

Fic. 383, —SECTION ACROSS THE MID-BRAIN THROUGH THE SUPERIOR CORPORA
QUADRIGEMINA. Magnified about 3} diameters. (From a photograph.)

& jn, posterior commissure of brain; glpi., pineal gland ; e.q.a., matter of one of
Huﬁarinr corpora quadrigeming ; e.g.m., mesial geniculate i el lateral geni-
eulate body: tiopt., optie tract; pup., crusta or pes pedunculi; 31.££r., posterior

longitndinal bundles ; &, upper fillet ; v, ved nuclens ; f17, issuing fibres of third

nerve ; n.ff1, its nueleus ; Lp.p., locas perforatus posticus ; Sy, Byl agqueduct.

disposed nerve-cells (fig. 384, A); next to this a grey cap (B) con-
taining many and various nerve-cells, amongst which the terminations
of the optic nerve (h, &) ramify ; below this the optic nerve layer (C),
which is formed of antero-posteriorly running fibres derived from the
optie tract, and ending as we have just seen for the most part in the
grey layer. This layer also contains nerve cells. Lastly there is a
layer of tranversely disposed fibres (D) derived partly from the mesial
fillet, but comprising many fibres which are derived from the cells of

-
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the corpus quadrigeminum itself, with a number of large dendritic cells
amongst the fibres. The superior corpora quadrigemina receive through
their brachia, as has just been stated, many of the fibres of the optic
tract, which in mammals enter the grey matter at the middle of
its thickness and traverse it from before back, so that in trans-
verse sections of the mid-brain they appear cut across. In birds they
form a superficial white stratum covering the grey matter, but this is
not homologous with the thin superficial stratum of mammals, for the
fibres in the latter are not derived directly from the optic tract. The
optic fibres are derived from nerve-cells in the retina, and as they pass

Fic. 384.—DIAGRAM SHOWING THE CHARACTERS OF THE CELLS IN THE GREY
MATTER OF THE CORPORA QUADRIGEMINA. (After Ramdn.)
M, portion of dorsal median ove ; A, superficlal white layer; B, grey cap; €, optic
fibre layer (upper grev-white layery; D, layer of the fillet (lower grey-white layer).
a, o', marginal nerve cells: their axons are not represented ; &4, ) horizontal spindle-
sha cells of Golgi's type 1L ; o, d', small cells with much branched dendrons and
an axon extending to the optie fibre layer: ¢, &, arind]u and stellate cells of the grey
cap ; 5, 5, cells of the stratum optica, sending their axons into the stratum lemmnisei ;
it &, cells of the stratum lemnisci; b, &, fibres of the optic nerve layer ending in the
grey and saperficial white layers,
through the stratum opticum they turn into the grey matter (in a
ventral direction in birds, in a dorsal direction in mammals) and end in
arborisations amongst its cells. The cells of the grey matter are very
varions in form and size (fig. 384). Most of their axis-cylinder processes
pass ventralwards. Their destination is not certainly known, but some
appear to pass into Mevnert’s decussation to join the ventral longi-
tudinal bundle of the opposite side (see p. 326); others to run down
on the same side towards the pons Varolii, intermingled with the
ascending fibres of the fillet, while others probably run in the teg-

mentum towards the thalamus.
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All the nerve-fibres of the optic nerve and optic tract do not enter the
corpora tiuadrigemina. Some pass into the lateral geniculate bodies and
optic thalami to form arborisations there. On the other hand, axons from
the cells of these structures pass to the cortex of the brain (occipital region).

From the grey matter of the corpora quadrigemina arcuate fibres issne
and pass obliquely downwards into the ventral part of the mesencephalon
encircling the central grey matter. These fibres intercross in the raphe
where they constitute the fountain-decussation of Meynert, and after crossing
constitute the main mass of the ventral longitudinal bundle. These are
said to be continued into the antero-lateral columns of the spinal cord ; they
rive off collaterals to the motor nuclei of the eve-muscles.

In the eat, the anterior corpora quadrigemina receive a number of fibres
from the pyramidal tract of the crusta of the same side, a few crossing over
the aqueduct to the opposite corpora quadrigemina (Boyce, Sutherland
Simpson).

The optic nerves.—The only sensory nerves which are immediately
connected with the mid-brain are the second or opfic. Their origin is
from the large nerve-cells of the ganglion of the retina (Lesson XLIV.,
p. 370). The nerve leaves the globe of the eyve at its posterior aspect,
passes through the optic foramen to the base of the brain, and joins
the nerve of the opposite side to form the optic chiasma. Of the fibres
which enters the chiasma, those from the inner (or nasal) two-thirds
of the retina cross to the optic tract of the opposite side, while the
remaining third, comprising the fibres from the temporal part of the
retina, pass along the lateral border of the chiasma to the tract of
the same side. In the optic tract they are continued to the parts of
the brain where they have their terminal arborescences, viz., the
external geniculate body and the adjoining posterior part of the
thalamus and the anterior corpora quadrigemina. A certain number
of the fibres of the optic nerve bifurcate on reaching the chiasma,
and the branches pass one into each optic tract (Ramdn y Cajal).

The fibres which pass to the anterior corpora quadrigemina are much
finer than those to the corpora geniculata. It is probable that the
former furnish the path for reflex movements of the pupil, ete., and
the latter the path for visual impressions, since the cells of the corpora
geniculata are directly connected with the visnal cortex in the
oceipital lobe, while no such direct connection obtains between that
cortex and the anterior corpora quadrigemina,

The optic tracts and chiasma also contain the fibres of v Gudden's
commissure which connects the posterior corpora gquadrigemina, but these
fibres appear to have no relation to the visual function. There are also

present in the {Illlt-i{.: nerve and tract a few fibres which originate in the
nerve-centres—where is not known—and terminate in the retina.

Motor nerves.—The motor nerves arising from the mid-brain are the
third and fourth. The position of their nuclei and their mode of exit have
heen already described (p. 328).




THE CEREBELLUM. 335

LESSON XLIL
STRUCTURE OF THE CEREBELLUM AND CEREBRUM.

1. Secrioxs of the cerebellum vertical to the surface, (a) across the direction
of the laming, (b) parallel with the laminze.

2. Section across the whole of one hemisphere of the cerebrum of a monkey
passing through the third ventricle.

3. Vertical sections of the cerebral cortex:—one across the ascending
frontal and ascending parietal gyri, another from the occipital lobe, another
across the superior temporal gyrus and island of Reil, and one across the
hippocampal gyrus and hippocampus.

4. Transverse sections of the olfactory tract and bulb.

In all these iprepamtiﬂna make sketches under a low power of the general
arrangement of the grey and white matter, and also of the nerve-cells in the
grey matter. Sketch some of the details under a high power.

The preparations are made in the same way as those of the spinal cord.
Other preg:ara.t-inns ghould be made by the Golgi method to exhibit the
relation of the cells to one another. Such preparations have been already

partly studied (Lesson XX.).

The CEREBELLUM.

The cerebellum is composed of a white centre, and of a grey cortex.
Both extend into all the folds or laming, so that when the laminge
are cut across, an appearance is presented of a white arborescence
covered superficially by grey matter. The white matter is in largest
amount in the middle of each cerebellar hemisphere. There is here
present a peculiar wavy lamina of grey matter, similar to that in the
olivary body, and known as the nucleus denfatus (n.d.). Other isolated
grey nuclei lie in the white matter of the middle lobe (fig. 385).

The grey matter of the cerebellum consists of two layers.  The inner
one (that next to the white centre) is composed of a large number of
very small nerve-cells intermingled with a few larger ones and some
neuroglia-cells (granule layer, fig. 386, d). The ouler one is thicker, and
is formed chiefly of fine nervefibres (fig. 387, A) with small nerve-cells
scattered through it (molecular layer, fig. 386, b). Into its outer part
processes of the pia mater conveying blood-vessels pass vertically, and
there are also in this part a number of long tapering neuroglia-cells,
somewhat like the Miillerian fibres of the retina (fig. 389, ¢l%). lLying
between the two layers of the grey matter is an incomplete stratum
of large flask-shaped cells (cells of Purkinje, fig. 386, ¢). Each of these
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gives off from its base a fine process (axon), which becomes the axis-
cylinder of one of the medullated fibres of the white centre, while
from the opposite pole of the cell large ramified processes (dendrons)
extend into the superficial layer of the grey matter.

The dendrons of the cells of Purkinje spread out in planes trans-
verse to the direction of the lamellse of the organ, so that they present
a different appearance according to whether the section is taken

. waﬁﬁhﬁr{nw
Gl o

Fic, 385, —SECTION ACROSS THE CEREBELLUM AND MEDULLA OBLONGATA BHOWING
THE POSITION OF THE NUCLEI IN THE WHITE CEXTRE OF THE CEREBELLUM.

n.d,, nucleus dentatus cerebelli; g fibres derived from inferior uncle : s.e.p., fihres
derived from superior peduncle ; eom’, eom”, commissural fibres; X/, rootlet of
hypoglossal nerve,

across the lamelle or along them (compare fig. 387, L. and 1)
These dendrons are invested at their attachment to the cell, and
for some extent along their branchings, by basket-works formed hy
the terminal arborisations of certain fibres (climbing or fendril fibres)
of the medullary centre (fig. 389, ¢lf.). The body of the cell of
Purkinje is further invested by a felt-work of fibrils formed by the
arborisation of axis-cylinder processes of nerve-cells (basket-cells) in the
outer layer of the grey matfer (fig. 388; 389, b). Each cell has
therefore a double investment of this nature, one covering the den-
drons, the other the body of the cell and extending along the com-
mencement of the axon.

NP S
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The granules of the inner layer of grey matter are mostly small
nerve-cells, each with a few dendrons penetrating amongst the other
granules, and an axon which is directed between the cells of Purkinje
into the outer layer. After penetrating a variable distance into this
layer it bifurcates, and its two branches pass in opposite directions at

b
\
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Fie, 886.—SECTION OF CORTEX OF CEREBELLUM. (Sankey.)

a, pla mater: b, external layer; e layer of corpuscles of Purkinje; d, inner or granule
layer; ¢, medullary centre,

right angles to the main stem, and parallel to the direction of the
lamella (fig. 387, 1.). What ultimately becomes of the branches is not
known. In sections cut across the lamelle the cut ends of these fibres
give a finely punetated appearance to the outer layer (fig. 387, 11.).

Some of the cells of the granule layer are far larger than the
¥
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Fig. 387.—SECTION® OF CORTEX CEREBELLI STAINED BY GOLGI'S METHOD,
(Ramdin y Cajal.)
[.—Section made in the direction of the lamina. 11, —Seetion taken across the lamina.

A, outer or molecunlar layer; 8, inner or granule layer; €, medullary centre.

a, corpuscle of Purkinje ; &, small granules of inner layer; e, a protoplasmic process of a
granule ; o, nerve-fibre process of a granule pﬂ-ﬁuinf into the molecular layer, where
it bifurcates and becomes a lonfit.udim.l fibre (in 11, these longitndinal fibres are out
across and appear as dots); ¢ bifurcation of another fibre ; g, & granule lying in the
white centre. £

FiG. 388. —DBASKET-WORK OF FIBRES AROUND TWO CELLS OF PURKINJE.
(Bamdn y Cajal.)
a, axis-eylinder or nerve-fibre process of one of the corpuscles of Purkinje; b, fibres
prolonged over the beginning of the axis-cylinder process ; ¢, branches of the nerve-

fibre procesaes of cells of the molecular layer, felted together around the bodies of
the corpuscles of Parkinje.
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others, and send their much-branching axons amongst the smaller
granules (cells of Golgi, fig. 389, ). Besides these, other large
“granules ” have been noticed by Ramon, oceurring both in the
granule-layer and in the white centre, with long axons passing into

Fia. 389 —DIAGRAMMATIC SECTION OF CEREBELLUM TO SHOW THE CHARACTERS
AND RELATIONS OF THE CELLS AND FIBRES MET WITH IN THE SEVERAL LATERS
A% EXHIBITED BY THE CHROMATE OF SILVER METHOD. | After Kolliker, )

£, a coll of Parkinje ; &, a call of Golgi; &, a basket-cell ; w, m, other cells of the molecular
layer; gr, granules; p, a nerve fibre of the white substance derived from a Parkinje
cell 3 m,f, * moss "-fibres ; cl.f, a climbing fibre ; afl, of?, o, types of neuroglin cells.

the white matter of the cerebellum. These are, however, only rarely
met with.

Ramifying amongst the cells of the granule layer are peculiar fibres
derived from the white centre, and characterised by having pencils of
fine short hranches at intervals like tufts of moss (fig. 389, mf). These
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have been termed by Ramén v Cajal the moss-fibres : they end partly
in the granule layer, partly in the molecular layer.

The peduncles of the cerebellum have been already studied in connec-
tion with the medulla oblongata, pons and mid-brain. The énferior peduncle
(restiform body) is wholly composed of ascending fibres derived from the
dorsal cerebellar tract, from both olivary nuclei—but chiefly from that of
the opposite side—and perhaps also from the nuclei of the gracile and
cuneate funiculi, and from the nuclei of the sensory roots of the cranial
nerves. Its fibres pass mainly to the vermis, cmsmng to the opposite side
over the fourth ventricle, but before doing so the}' give off strong collaterals
to the hemisphere of the same side. The middle pndmmle is formed partly
of fibres from the opposite nueclei pontis to the hemisphere, partly of fibres
passing from the hemisphere of the cerebellum to the pons. The superior
peduncle is formed of fibres which mostly take origin in the corpus dentatum
cerebelli, but some are said to arise in the hemis f&ra and pass through this.
It passes into the red nucleus of the opposite aitfe. It is joined by the tract
of Gowers as it issues from the hemisphere, and this runs back along its
mesial border to the vermis.

STRUCTURE OF THE CEREBRUM,

The grey matter of the cerebral cortex is described as if composed
of a number of layers, but they are not sharply marked off from one
another, and they vary in relative development in different regions of
the cortex. The cells are for the most part of a pyramidal shape.
The following layers were distinguished by Meynert as constant :

1. A peripheral stratum (molecular or plexiform layer) containing a
few scattered nerve-cells and neuroglia-cells. In the most superficial
part of this layer, immediately under the pia mater, is a thin stratum
of medullated nerve-fibres, and besides these the layer contains a large

number of fibres, many of which are ramified. They are largely

derived from the dendrons of the deeper nerve-cells of the cortex.
Intermingled with these fibres are a eertain number of ramified nerve-
cells, most of which have two (sometimes three) horizontally disposed
axis-cylinder processes, all of which terminate by arborisation within
the superficial layer (eells of Ramdn) (figs. 390, 1; 391, I).

2. A layer of closely set small pyramidal nerve-cells, several deep
(layer of small pyramids, 2).

3. A layer of medium-sized pyramidal cells less closely set, with
small granule-like cells amongst them (layer of medium-sized pyramuds, 3).
The pyramidal cells are larger in the deeper parts of the layer and this
is sometimes described as the layer of large pyramids.

4. A layer of small irregular cells (granules or small stellate cells or
polymorphous cells, 4).  In the motor region of the cortex, which in man
is confined to parts of the frontal lobe, pyramidal cells of very large
size (giant cells) lie amongst these polymorphous cells (which are here
few in number), and are disposed in small clusters or “ nests” (Betz,
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Bevan Lewis) (fig. 394). The fibres of the pyramidal tract are helieved
to arise from these giant cells.

A T ——

Fic. 390, —SECTION OF CEREBRAL CORTEX PREPARED BEY THE GOLGI METHOD,
(Modified from Killiker.)

1, plexiform layer showing one of the cells of Ramdn; 2, small pyramids ; 8, largor
pyramids ; 4, polymorphous cells or ** granules ; 5, giant pyramids ; 6, clanstral layer.

5. A layer (fig. 390, 5) of small scattered cells, many of a fusiform
shape. This layer lies next to the white centre. In the island of Reil
it is considerably developed, and is separated from the rest of the grey
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Fra., 391 —IMAGRAM SHOWING THE RELATIONS OF SOME OF THE CELLS IN THE
CEREBRAL CORTEX. (Barker, after Starr, Strong and Leaming.)

f, plexiform layer with cells of Ramdn; £f, small (d, £) and middle sized () p}'m.'l:n'id.u;
I, large pycamids (o, g, &) 5 also, 5, cell with axon passing towards the surface, but
soon ramifying : n, », cell of Golgi's second type, with axon ramifying in the adjscent
grey matter: one of these belongs to the kind termed by Bamdn ** dounble-brush ™ colls ;

IV, polvmorphons cells. of which p has ita axon passing peripherally and g its axon
passing into the medullary centre, 1, which contains also the axons of the pyramids,
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matter by a layer of white substance. It is here known as the elaustium,
and on that account the layer is sometimes termed the clawstral layer.,
Some authorities describe the cortex as consisting only of three layers, viz.:
the molecular layer, the layer of pyramids, and the layer of polymorphous
cells ; others of four, five, ete,, up to nine. As a matter of fact, the com-
plexity and the number of distinet layers vary in different regions. The
prramidal cells of the cortex are so termed from the shape of the cell-body,
which usually gives off several dendrons from the base of the ]Ilj'l'umhl and
one large (shaft) dendron from itz apex. This process extends to the plexiform
layer, on approaching which it breaks up into numerous ramifications which

Fig. 392.

Fii. 392. —-8ECTIONS OF CEREBRAL

cONVOLUTIONS. (After Baillarger.)
(Watural size.)

a, from the neighbourhood of the eal-
carine fissure with only one white line
clearly visible : &, ordinary iype, with
the superficial layer and outer amd
inner lines of Baillarger shown.

Fig., 303. —PREPARATION BHOWING
SOME OF THE AFFERENT FIBHES
OF THE *‘MoTOR " CORTEX, ( Ramdn.)

A, plexiform layer; &, small pyramid
layer; €, middle pyramid layer; D,
large pyramid layer; K, white sub-
stance : a, &, fibres arborizing in the
layer of small and middle pyramids,
amongst which they form, along with
fibres derived from various sources, the
dense plexus which is shown in the
left half of the figure.

Fic. 393.

have a general vertical direction and extend almost to the outer surface.
This apical dendron is beset, both in its undivided part and in its branches,
by minute spinous projections (as seen in specimens prepared by the Golgi
method). These projections are believed by some authors to be retractile
(amceboid) and to be the means of effecting (or breaking) nervous connection
with the other elements of the cortex, but the evidence for this is incon-
clusive. All the pyramidal cells have a single axon, which is usually directed
towards the medullary centre, of which it forms one of the fibres; but the
axon somefimes curves back and passes outwards, ending in arborisations
in one of the other layers. Intermingled with the pyramids and polymor-
phous cells are two other Kinds of cells, viz.: (1) cells with axis-eylinder
process ramifying near the cell-body ; those oceur in all the layers (fig. 391, #),
and (2) eells sending their axons towards the plexiform layer (Martinotti)
(fig. 391, m) ; these are found chiefly in the deeper layers of the cortex.
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From the white centre bundles of medullated nerve-fibres pass in
vertical streaks through the deeper layers of the grey matter, to
lose themselves amongst the pyramidal cells of the more superficial
layers. Some of these fibres are continunous with the axis-cylinder
processes of the pyramidal and polymorphous cells, and therefore take
origin in the cortex; others are passing into the cortex to end
amongst the cells of the several layers in free arborisations (fig. 393).

Besides these vertical strands of fibres there are others which lie in planes
parallel to the surface of the cortex, and which are derived partly from the
fibres which enter the cortex from the white matter, partly from the
collaterals which are given off from the axis-cylinder processes of the cor-
tical cells themselves. The planes in which these fibres oceur are (1) near
the surface in the plexiform (molecular) layer: this superficial stratum of white
fibres is best marked in the hippocampal region. (2) in the layer of medium-
sized pyramids : here the fibres give the appearance of a whitish line in the
section of the grey matter (outer line of Baillarger). There is a dense plexus
of fibres in this situation in certain regions of the cortex, especially the
oceipital lobe (in man especially near the calearine fissure), producing
a very distinet line known as the line of Gennari: the plexus of nerve-
fibres is in intimate association with the large and small stellate cells
which are characteristic of this region. (3) In most regions of the brain,
in the plane of the layer of large pyramids, another white line iz seen; this is
known as the inner line of Baillarger. The planes in which these white
lines of Baillarger are found are characterised, especially in the occipital and

temporal lobes, by great numbers of small nerve-cells, amongst which the
white fibres of the layers ramify and probably terminate.

The axis-cylinder processes of the pyramidal cells pass into the
white centre. Here some of them are continued either directly or
by collaterals into the corpus callosum, and through this to the
cortex of the opposite hemisphere (commissural fibres); others join
association fibres which run longitudinally or transversely, eventually
to pass again into the grey matter of other parts of the same hemi-
sphere ; whilst others again, especially those of the largest pyramidal
cells, extend downwards through the corona radiata and internal capsule,
and become fibres of the pyramidal tract and of the cerebro-pontine
tract (projection fibres). As the projection fibres pass through the grey
and white matter of the hemisphere they give off collateral fibres to
the adjacent grey matter, to the corpus callosum, and to the corpus
striatum and optie thalamus, and some of them probably end in these
masses of grey matter. According to Ramon y Cajal, in the brain
of man as compared with the lower mammals, there is a marked
preponderance of cells of Golgi’'s type II. (with short axis-cylinder
ramifying near the cell-body). Such cells are most numerous in the
granule layer and in the layer of small pyramids.

Special features of certain parts of the cortex.—There is, as already

stated, a great amount of variation met with in the relative extent of develop-
ment of the above layers. This is exemplified in the accompanying drawings
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Fig. 395, Fig, 398.
FiG. 304.—SECTION OF MOTOR CORTEX OF MONKEY'S BRAIX.

1, plexiform layer ; 2, small pyramids; 8, middle pyramids ; 4, larger pyramids ; 5, giant
pyrumids with small stellate cells amongst them ; 6, spindle-shaped and angular

(polymorphous) cells.
F1a. 395, —SECTION OF FRONTAL CORTEX IN FRONT OF MOTOR AREA,
1, 2, 8 4, as in fig. 804 ; 5, polymorphous cells,
Fig. 396, —SECTION OF TEMPORAL CORTEX.

1, plaxiform layer; 2, small pyramids ; 3, middle-sized pyramids; 4, small stellate cells
5, large pyramids ; 6, polymorphous cells.
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Fie. 598,

Fiz, 398, —SEcTION OF
GYRUS HIPPOCAMPI,

1, plexiform layer; 2, large
stellate cells; 3, pyramids
with small stellate cells in-
terspersed amongst them,

Fie. 399,
Fic, 397.—SECTION OF CORTEX OF OCCIPITAL LOBE.
1, plexiform layer; 2, small pyramids; 3, middle pyramids; 4, large stellate cells;

Ficz. 397.

6, 7, small stellate cells, amongst which are interspersed pyramids with ascending
axons; 6, large pyramids ; 8, spindle-shaped cells,
Fro. 399. —8ECTION OF HIPFOCAMPUS MAJOR.
o, fascin dentnta; 1, plexiform layer; 2, prramids; 8, so-called stratum moleculare;
4, alvens,

Figa. 304 to 300 are taken by the anthor's permission from Ferrvier's Funetions of the
Broin, 2nd edition. They are from preparations and drawings (from the monkey's
brain) made by Mr. Bevan Lewis, :mH are magnified about 145 diameters.
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of preparations from the monkey’s cerebral cortex by Bevan Lewis (figs. 394
to 399). From these it will be seen that smaller-sized cells prevail in some
1'iﬁiuna of the cortex (occipital, temporal); larger and fewer cells oceur in
others (frontal, hippocampal), and groups of very large cells in the “motor”
region. The oceipital region (in man, the neichbourhood of the calearine
fissure) is especially characterised by the great numbers of small stellate cells
and by the presence in the layer superficial to them of a stratum of very laree
stellate cells with long spreading dendrons : amongst these stellate cells (siall
and large) the optic ﬁil‘es from the corpora genicnﬁta externa ramify. A pre-
ponderance of small stellate cells is also seen, but to a less extent, in sections
of the temporal lobe; to a still less extent in the prefrontal and parietal
regions, The first temporal gyrus is characterised by the presence in nearly
all the layers, but especially the deepest, of special large cells with widely-
spreading dendrons and an axon passing towards the white substance but

Fic. 400.—SECTION ACROSS THE HIPPOUAMPUS MAJOR, DENTATE FISSURE,
DENTATE FASCIA AND FIMBRIA. (W, Krause.)

G, part of the gyrus hippocampi or uncinate convolution; justabowve it is the fasein
dentata, or dentate convolntion ; between them is the dentate fissure ; F, fimbria,
eomposed of longitudinal fibres here cut across ; M, medullary centre of the hippo-
campal gyrus prolonged around the hippocampus, as the socalled alveus, into the
fimbria ; & layer of large pyvromidal cells; 2, t]lu.}eir processes (stratum radintum) ; 4,
plexiform layer (stratuom lacinicsnum); 1, superficial medullary lamina, involuted
around the dentate fissure ; &, plexiform layer of the fascia dentata ; p, nerve-cells of
fascia dentata; Gr, stratum granulosum of faseia dentata ; g, stratum granulosum

i of hippocampus major.

giving off many collaterals in the grey matter. There are also very many
cells of Golgi’s type II. with axis-evlinder ramifying in a most complex
manner near the cell-body, mainly in a plane vertical to the surface.
The cortex of the insula has special cells similar to those in the first temporal
gyrus, and is further characterised by the peculiar spindle shape of many
of the large pyramids. In the region of the hippocampus major (figs.
308, 399, 400) the cortex is simpler in structure than elsewhere, and in the
hip mpus major itself, which is an infolded |]mrl, of the cortex, the pyra-
mids are reduced to a single layer of large cells lyving in the deeper portion
and sending their apical dendrons as long fibres into the p]exik rm layer.
The plexiform layer and the superficial white stratum which overlies
it are both very strongly marked, the plexiform layer having a distinctly
reticular aspeet, due partly to neuroglia cells partly to the arborescence
of the dendrons of the pyramids : the plexiform layeris here termed strafui
laciniosum ; internal to it near the dentate gyrus is a laver of closely-packed



348 THE ESSENTIALS OF HISTOLOGY.

small cells termed stratum granwloswm. The pyramidal cells lie close to the
white layer known as the alveus. This is the part of the hippocampus seen
within the ventricle, and represents the white matter of the hemisphere,
The alveuns is prolonged externally into the fimbria, in which its fibres become
longitudinal in direction and continued into part of the fornix.

In the dentate gyrus (fasein dentata, figs. 400, 401) the pyramidal cells
are arranged in an nregularly radiating manner, oceupying the centre of the
comvolution, and surrounded by a ring of closely packed small cells (stratium
grannlosum). External to these is a thick plexiform layer, occupied by
interlacing fibres (stratum laciniosum).

The olfactory tract is an outgrowth of the brain which was
originally hollow, and remains so in many animals; but in man the

cavity has become obliterated, and the centre is occupied by neuro-
glia, containing no nerve-cells. Outside the central neuroglia lies

Fri:, 401.—RELATIONS OF THE CELLS AND FIBRES OF THE HIPPOCAMPAL
REGION, AS SHOWN BEY THE GOLGI METHOD. (8. Ramdén y Cajal.)

i, fnscin dentata; b, its stratuom graoulosum ; o, ending of axons of cells of fascia
dentata amongst pyramid ecells of hippocampus: ¢, axons of pyramid eells of hippo-
campus passing into fimbria, 5, and giving off collaterals to superficial medullary
lamina ; o, pyramid cells of fasein dentata giving axons to fimbria; &, pyramid cells
'If'f hipy i:'ll'.l.'!plilﬂ: !, pyramid cells of hippocampal gyrus; 4, 4, collaterals coming off

rom thelr axons.

the white or medullary substance, consisting of bundles of longi-
tudinal white fibres. Most externally is a thin superficial layer of
nenroglia,

The olfactory bulb (fig. 402) has a more complicated structure.
Dorsally there is a flattened ring of longitudinal white bundles in-
closing neuroglia (1, 2, 3), as in the olfactory tract, but below this
ring several layers are recognised as follows:

1. A white or medullary layer (fig. 402, 4, 5), characterised by the
presence of a large number of small cells (* granules”™) with retieu-
lating bundles of medullated nerve-fibres running longitudinally
hetween them.

2. A layer of large nerve-cells (6), with smaller ones intermingled,
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the whole embedded in an interlacement of fibrils which are mostly
derived from the cell-dendrons. From the shape of most of the
large cells of this layer (fig. 403, m.c.) it has been termed the “mitral ”
_layer. These cells send their axons upwards into the next layer, and
they eventually become fibres of the olfactory tract and pass along this
to the base of the brain, giving off numerous collaterals into the bulb

as they pass backwards.
3. The layer of olfactory glomeruli (fig. 402, 7; fig. 403, ¢l.). This

]
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Fia. 402, —S8ECTION ACROS2 A PART OF THE OLFACTORY BULE. (Henle.)

1, 3, bundles of very fine transversely cut nerve.fibres, forming the flattened medullary
ring, inclosing the cemtral nouroglia, 2: this ring is the anterior continuation of the
olfactory traet; 5, white la;l.'ﬂr with numerous small cells (granules); 8, mitral-cell
layer; 7, layer of olfactory glomeruli, t, t1; 8, layer of olfactury nerve-fibres, bundles

which are seen at * passing through the eribriform plate of the ethimoid bone.

consists of rounded nest-like interlacements of fibrils which are derived
on the one hand from the terminal arborisations of the non-medullated
fibres which form the subjacent layer, and on the other hand from
arborisations of dendrons of the large “mitral” cells of the layer above.
There are also a few small nerve-cells immediately external to and
extending within the glomeruli (periglomerular cells). These belong
to Golgi’s type II., and appear to connect neighbouring glomeruli.

4. The layer of olfactory nerve-fibres (fig. 402, 8; fig. 403, olf.n.). These
are all non-medullated, and are continued from the olfactory fibres of
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the Schneiderian or olfactory mucous membrane of the nasal fosse. In
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Fre, 405, —IDMAGRAM TO SHOW THE RELATIONS OF CELLS AND FIERES IN THE
OLFACTORY BULE.

olfe., olfactory eells of M. Schultze in the olfactory mucous membrane, sending their
basal processes as non-medullated nerve-fibres into the deepest layer of the O]E!-UWU"
tulb (elfia.): of, olfactory glomeruli containing the terminal arborisations of the
olfactory fibres and of ]l.lr-:n:u:-mcf. from the mitral cells; me, mitral cells, sending
processes down to the olfactory glomeruli, others laterally to end in free ramifica-

tions in the merve-cell layer, and their axis-cylinder processes, o, o, upwards, to
turn sharply backwards and become fibres of the olfactory tract (n.tr.). Numerous
collaterals are seen coming off from these fibres; ', a nerve-fibre of the olfactory
tract ending in a free ramification in the olfactory bulh,
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Fic. 404, —DIAGRAM OF THE OLFACTORY PATH IN THE BRAIN. To simplify
the diagram the various divarications of the olfactory path have n
represented hy hrmmhings of individual fibres, although in most cases the
divarieation is brought about by the turning aside of bundles of entire fibres.

this mucous membrane they take origin from the bipolar olfactory
cells which are characteristic of the membrane (see Lesson XLV, fig.
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440), and they end in arborisations within the olfactory glomeruli,
where they come in contact with the arborisations of the mitral cells.
The relations of the olfactory cells and fibres to the mitral cells, and
the continuation of the axis-cylinders of the latter upwards and back-
wards in the olfactory tract, are shown in the accompanying diagrams
~ (figs. 403, 404).

Ag is seen in fig. 404, the fibres of the olfactory tract pass to the hippo-
campal region of the brain, terminating by arborescence in the grey matter
of the base of the olfactory lobe in the region of the anterior perforated
space, as well as in that of the uncus and the hippocampal gyrus.  Fibres

are also given off from it to the anterior commissure, which probably

pass to the corresponding structures on the other side of the brain. From the

r!;m.mid-cells of the hippocampal gyrus fibres pass to the grey matter of the
ippocampus, and from the pyramid-cells of the hippocampus others proceed
by way of the fimbria and fornix to the hippocampus of the other side, to the
subcallosal gyrus and septum lucidum, to the ganglion of the habenula, and
finally by the anterior pillar of the fornix to the corpora mammillaria. From
the cells of the corpora mammillaria the olfactory path is continued to the
antevior and inner part of the thalamus by the bundle of Vieq d’Azyr, and
to the tegmentum of the mid-brain by the bundle of Gudden. The fibres
of these bundles arise in common by single axons, which branch as they
leave the nuelei, as shown in fig. 404 : of the two branches, the ascending
one is relatively coarse, the descending fine.

BASAL (FANGLIA.

Besides the grey matter of the cerebral cortex the cerebral hemi-
spheres conceal in the deeper parts certain other masses of grey
substance (figs. 405, 406). The principal of these are the r'r_uii:rn,:
striatum (nucleus caudatus, n.c., and nuclens lenticularis, n.l.) and optic
thalomus (th.). Between them run the bundles of white fibres which
are passing upwards from the crus cerebri, forming a white lamina
termed the dnfernal capsule. Above the'level of these nuclei the
internal capsule expands into the medullary centre of the hemisphere,
Below the optic thalami are the prominent ganglia known as corpora
albicantia or maminillariz. Their relations to the olfactory path,
thalamus, and tegmentum have been noticed above,

The nucleus caudatus of the corpus striatum is composed of a reddish-
grey substance containing cells both with long and with short axis-
cylinders ; some of the former being very large. It receives fibres
from the part of the internal capsule which separates it from the
nuclens lenticularis, and next to the lateral ventricle it is covered by
a thin layer of neuroglia (ependyma), and over this by the epithelium
of the cavity.

The nucleus lenticularis, which corresponds in position internally
with the island of Reil externally, is divided by two white laminge into
three zones. It is separated from the nuclevs candatus and optic
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thalamus by the infernal capsule (figs. 403, c.i.; 406, i.c.), which consists
of the bundles of medullary fibres which are passing between the white
centre of the hemisphere and the crus cerebri; it receives on its inner

Fri, 405.-—FROXTAL SECTION ACROS% THE RIGHT CEREERAL HEMISPHERE TAKEN
JUST BEHIND THE OPTIC CHIASMA.

c.e., corpus eallosum; e, external capsule, with ef., claustrum ; @ 0., island of el ;
¢.i., intermal capsule; so., fornix; gl.p, globus pallidus; _pu.,o}:ubamnn (parts of
lenticular nucleus of corpus striatum); =.e., nuclens caudatus GO'IE’.II striatum ;
th., thalamus optieus ; str.o., medullary stria between this and nucleus caudatus ;
saiiyg., nucleus amygdale; &, hippocampus major projecting into descending
cornu of lateral ventrie ¢; v.d,, body of lateral ventricle below anrg::lfﬂmm i 1
third ventricle; n.opt., optic nerve; tr., optic tract ; ch, optic ch The f’l.'llhw
ing sulei are also marked ; com.g, calloso-marginal ; Ro.s., Rolandie ; in-p.s, intra-
parietal ; &y., Sylvian; pile., parallel ; inrt.a., inferior temporal ; eoll.s., collateral.

side many white fibres from the capsule, and these impart to it a
radially striated aspect. Many of the nerve-cells of the nucleus
lenticularis contain yellow pigment.
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The optic thalamus, which lies at the side of the third ventricle
and forms part of the floor of the lateral ventricle, is covered externally
by a layer of white fibres, most marked next to the internal capsule.
Fibres from the latter pass into the thalamus and serve to connect it
with the hemisphere.

The grey matter of the thalamus (figs. 405, 406) 1s partially sub-
divided by an oblique white lamina into a smaller, mesial, and a larger

Fi:. 406, —HORIZONTAL SECTION THROUGH THE OPTIC THALAMUS AND CORPUS
STRIATUM. (Natural size.)

w.l., lateral ventricle, anterior cornu; e, corpus callosum ; a0, septum lucidum ;
ay., anterior pillars of the fornix; @3, third ventricle ; th., thalamus opticens ;
at., strin medullaris ; n.e., nuclens candatus, and »n.f. nuclens lentieularis of the corpus
striatum ; i.c., internal capsule; g, its angle or genu; we, tail of the nucleus
caundatus appearing in the descending eornu of the lateral ventricle: e, clanstrom ;
I, 1sland of Keil.

lateral, nucleus; these contain a large number of small nerve-cells.
Anteriorly another portion of grev matter is divided oftf in a similar
way ; this contains comparatively large nerve-cells.

From the cells of the thalamus nerve-fibres pass in every direction into the
white matter of the hemisphere, and eventually to the cortex. From the
outer part they tend especially into the oceipital region, assisting to form
the central visual tract which passes to the visnal cortex. From the inner
and deeper part they converge towards the subthalamic region and many
are collected into the ansa lentieularis (see p. 355), by which they pass into

o,
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the nueleus lenticularis, while others enter the corona radiata and reach the
cortex of the hemis ﬂl:hﬂ'-’w These fibres from the thalamus to the ,uorgﬁx
probably form the third and last link in the chain of sensory neurones, the
second being formed by the neurones of the tract of the ﬁllet‘anﬂthﬁ first
by the sensory root-fibres. mortd sernbif

Attached to the optic thalamus below and externally are the two
geniculate bodies which at first sight appear to be both connected

mJ

e

Fic, 407.—BECTION TAKEN OBLIQUELY THHOUGH THE OPTIC THALAMUS AXND
INTERNAL CAPSULE SHOWING SOME OF THE STRANDS OF FIBRES OF THE
SUB-THALAMUS, (Magnified 24 diameters.)

Fh., thalnmus; viii, third vemtricle; ¢, twnis, or attachment of q)g:hulhl roof of
vontricle ; afr., strin medullaris or hnbenu]n. o, ganglion of the habenula; n.t.,
megial nuclens of thalamus; ept., optic fibres ng into pulvinar of thalamus ;
#i., troct of fibres cmerging ‘from thalamus a sweeping us the ansa hﬂiﬂtm'u
round the internal eapsule, c.d., to pass towards the lentienlar nucleus ; ¢z, corpus
sub-thalamicum ; Jr anterior pl'llau- of fornix passing backwards to corpus mammil-
lare; V.dA., bundle of Viegq d'Azyr, passing upwards and iurwuda from corpus
mammillare into thalamus ; g p of nerve cali.s rhaps extending Im'trllﬂ;
from those of the corpus mamm 3 :r white I:mmllu( fasciculus retroflexus),

with the optic tract, although only the outer one dimtljj:rqpqi;raa
fibres from the tract. Of the geniculate bodies the outer has a lamel-
lated structure consisting of alternating layers of grey and white
matter, the white layers being composed partly of the entering optic
fibres and partly of fibres emerging and passing to the central optic
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path, while the grey substance contains very numerous nerve-cells
amongst which many of the fibres of the optic tract end in complex
arborisations. From these cells axons arise and join a bundle of fibres
which enters the white matter of the hemisphere above and along with
the internal capsule, and passes to the visual area of the cortex
(central visual tract). Some of the fibres from the corpus geniculatum
externum, as they enter the visual tract, send a branch downwards
towards the tegmentum.
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Fic, 408.—DIiAGRAM 70O SHOW THE PROBABLE COURSE AND IRELATIONS OF
THE QPTIC FIBRES.

The tegmentum of the crus cerebri is prolonged below the thalamus
opticus, and between it and the internal capsule, into a mass of grey
substance, with longitudinally and obliquely crossing white bundles,
which is known under the name of subthalomus (fig. 407). Its deepest
part contains a lens-shaped mass of grey matter prolonged forwards from
the substantia nigra, known as the corpus subthalamicum. A mass of
fibres from the thalamus sweeps round this and round the internal
capsule passing towards the nucleus lenticularis; this is known as
the ansa lenticularis.

The pineal gland (fig. 383, ¢l.pi.), which is developed in the roof of
the third ventricle, is composed of a number of tubes and saccules lined
and sometimes almost filled with epithelium, and containing deposits of
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carthy salts (brain-sand). (Similar deposits may also occur in other
parts of the brain.) The follicles are separated from one another by
vascular connective tissue derived from the pia mater, and with the
vessels are numerous nerve-fibres of sympathetic type (Ramén). No
true nerve-cells can be seen, although there are a number of cells
similar in general appearance to the * granules” of the cerebellum, but
apparently without axons.

In the chameleon and some other reptiles, the pineal is better developed,

and is connected by nerve-fibres with a rudimentary median eye of inverte-
brate type, placed upon the upper surface of the head.

The pituitary body or gland (hypophysis cerebri) is a small reddish mass
which lies in the sella turcica, and is connected with the third ventricle

Fig. 409.—SgcTioN OF HYFOPHYSIS oF 0X.  (Dunham, from Dostoiewsky.)
V.F., veins ; a, cell-columns containing clear cells ; &, columns of darker granular cells.

Other columns contain both kinds of cell.
by the infundibulum. It consists of two lobes, a large anterior and a
smaller posterior, The anterior lobe is originally developed as a hollow
protrusion of the buceal epithelium. It consists of a number of tubules,
which are lined by epithelium and united by connective tissue. In
some of the tubes the epithelium is ciliated, and occasionally a colloid
substance is found in them, but for the most part the lumen of the
tubules has become obliterated in the adult, and they present the
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appearance of solid cell-masses between which are numerous large
blood capillaries.

- The posterior lobe of the pituitary body, which is developed from the
floor of the third ventricle, consists chiefly of vascular connective
tissue, but it also includes masses of cells of an epithelial character,
which are at one part continuous with those of the anterior lobe.
There are no cells in the adult of distinetly nervous character, but
it receives many nerve fibres which arise from large cells in the grey
matter just behind the optic chiasma, some of which penetrate into
the glandular substance.

The membranes of the brain are similar in general structure to
those of the spinal cord. The dura mater 1s, however, more closely
adherent to the inner surface of the bony enclosure than is the case in
the vertebral canal. The arachnoid is in many places close to the dura
mater, and separated by a wide subarachnoid space (which is bridged
across by finely reticulating bands of areolar tissue) from the pia
mater. In the vicinity of the longitudinal sinus, small rounded
elevations (arachnoidal villi, Pacchionian glands) project into the dura
mater, and even become embedded in the skull itself. The pia mater
is closely adherent to the surface of the brain, and dips into all the
sulei, but without forming actual folds (Tuke). In it the blood-vessels
ramify before passing into the substance of the brain, and they are
accompanied, as they thus enter the cerebral substance, by prolonga-
tions of the pia mater, which do not, however, closely invest them, but
leave a clear space around each wvessel, presumably for the passage of
lymph (perivaseular space). The ecapillary network is much closer in
the grey than in the white matter,

L ¥
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LESSONS XLIII. axp XLIV,

STRUCTURE OF THE EYELIDS AND OF THE PARTS OF
THE EYEBALL.

LESSON XLIIL

1. Secrioxs of the eyelid vertical to its surfaces and transverse to its long
axis.

Notice the long sacculated Meibomian glands Iving in dense connective
tissue close to the conjunctival surface, their ducts opening at the margin of
the lid. External to these the small fibres of the m‘l}i-::lﬁn.ris palpebrarum
cut across ; a few of the fibres of the muscle lie on the conjunctival side of
the duct. A short distance from the Meibomian gland may be observed a
tolerably large sebaceous gland ; outside this again are the eyelashes. In
the skin covering the outer surface of the eyelid a few small hairs may be
seen. At the attached part of the evelid are some bundles of involuntary
muscular fibres cut longitudinally in the section, and in the upper eyelid the
fibrous attachment of the elevator muscle may be observed attached to the
dense connective tissue. ;

Make a general sketch under a low power.

2. Sections through the posterior part of an eyeball. These sections will
show the relative thickness of the several coats and the layers of which each
coat is formed. Sections which pass through the point of entrance of the
optic nerve will also exhibit the manver in which the nerve-fibres pierce the
several coats to reach the inner surface of the retina. The modifications
which are found in the neighbourhood of the yellow spot may also be made
out if sections throngh this are made ; but they must be taken from the
human eve, or from that of the monkey.

3. Sections of the anterior half of an eyeball. These sections should pass
through the middle of the cornea. The lens may be left in sitw, but this
renders the preparation of the sections and the mounting of them difficult
on account of the extreme hardness which is imparted to the lens-tissue by
aleohol.l

In these sections make a general sketch under a low power, showing the
relations of the several parts one with another; and study carefully, and
sketch in detail, the layers of the cornea, the junction of the cornea and
sclerotic, the ciliary muscle, the muscular tissue of the iris, the mode of
sugpension of the lens, and the pars ciliaris reting,

4. Mount in glycerine thin tangential sections of a cornea stained with
chloride of gold by Cohnheim’s method ; if from the frog, the cornea can
be torn with fine forceps into thin lamellse, which are mounted whole.
Sketch three or four of the connective-tissue cells (corneal corpuscles). The
arrangement and distribution of the nerve-fibres and their termination
amongst the epithelinm-cells as shown in chloride of gold preparations have
been already studied (Lesson XX, p. 147).

I The eelloidin method of embedding is well adapted for preparations of this kind (see
Appendix).
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5. Mount in xylol balsam sections of a cornea which has been stained with
nitrate of silver. Notice the branched cell-spaces corresponding with the
connective-tissue cells of the last preparation.

[This preparation is best made by rubbing the surface of the cornea with
lunar caustic after scraping off the epithelium with a scalpel. After ten
minutes (by which time the nitrate of silver will have penetrated the thick-
ness of the cornea) the eve is washed with distilled water, and exposed to
the light. When brown, tangential sections may be made, for which purpose
the stained cornea may be hardened in spirit. ]

LESSON XLIV.

1. Remove the sclerotic from the anterior part of an eye which has been
preserved in Miiller’s fluid, and tear off thin shreds from the surface of the
choroid, including amongst them portions of the ciliary muscle. Stain the
shreds with hsematoxylin and mount them in glycerine. Sketch the branched
pigment-cells, the elastic network, the mode of attachment of the fibres of
the eiliary muscle, ete.

2. Injected preparation of choroid and iris. Mount in xylol balsam por-
tions of the choroid coat and iris from an eye (preferably of an albino rabbit),
the blood-vessels of which have been filled with coloured injection. Make
sketches showing the arrangement of the capillaries and veins.

3. Teased preparation of human retina. Break up with needles in a drop
of glycerine a minate fragment of retina which has been placed in 1 per cent.
osmic acid solution for two hours, and has subsequently been kept in dilute
glycerine. Complete the separation of the 1'&1;’111&1[ elements by tapping the
cover-glass, Draw carefully under a high power some of the isolated
elements—e.g. the rods and cones with their attached fibres and nuclei, the
inner granules, the ganglion-cells, the fibres of Miiller, hexagonal pigment-
cells, ete. In some of the fragments the arrangement of the elements in the
retinal layvers may be made out even better than in actual sections.!

Measure the length and diameter of some of the cones, the length of the
cone-fibres, and the diameter of some of the outer and inner nuclei.

4. Teased preparation of frog’s retina. To be prepared in the same way as
3. Notice the very large rods, their outer segments breaking up into disks,
and the relatively small cones. Also the pigment extending Letn’eeu the
rods, the distance varying according as the eye has been kept in the dark or
in the light. A fresh frog-retina should also be teased in salt solution.

5. Sections of retina of ox or dog, which have been prepared by Golgi's
method. A curled-up piece of fresh retina is placed in osminm-bichromate
mixture and is subsequently treated with nitrate of silver solution.”

G. Teased preparation of lens. Separate in water the fibres of a crystalline
lens which has been macerated for some days in bichromate of potash or
dilute formol solution. Sketeh some of the fibres, together and separate.

The eyelids (fig. 410) are covered externally by the skin, and
internally or posteriorly by a muecous membrane, the conjunctiva, which
is reflected from over the globe of the eye. They are composed in the
main of connective tissue, which is dense and fibrous under the
conjunctiva, where it forms what is known as the farsus.

1 The distribution of the nerve-fibres and cell-processes within the retina can only be
made out satisfactorily by the employment of Golgi's silver chromate method (see § 5).

28ee Appendix.
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Embedded in the tarsus is a row of long sebaceous glands (the
Metbomiam glands, f), the duets of which open at the edge of the eyelid.
The rest of the thickness of the eyelid is composed of a somewhat
loose connective tissue, and contains the bundles of the erbicularis
muscle (#). In the upper eyelid the levator palpebree is inserted

FiG. 410, VERTICAL SECTION THROUGH THE UPPER EYELID. (Waldeyer.)
(Magnified. )

a, skin; b orbicularis ; ¥, elliary bundle; ¢, involuntary musele of eyelid; o, con:
junectiva ; e, tarsus with Meibomian %lfmd i 1y duet of the gland ; g, sebacecus gland
near eyclashes; h, eyelashes ; i, small hairs in outer skin ; j, sweat-glands ; L, pos-
terior tarsal glands.

into the tarsus by a fibrous expansion, and some bundles of involuntary
muscle are also present near the attachment of the eyelid. The skin
has the usual structure; it contains small sweat-glands, and the
follicles of small hairs, and, in addition, at the edge of the eyelid, the
large hair-follicles from which the eyelashes grow. The epithelium




THE LACRYMAL GLAND. 361

of the conjunctiva palpebrz is columnar, passing at the edge of the
lid into the stratified epithelium of the gkin ; it also becomes stratified in
the part which is reflected over the globe of the eye. The nerves of
the conjunctiva terminate for the most part in end-bulbs, which in man
are spheroidal, and formed chiefly of a small mass of polyhedral cells ;
but in the calf and most animals they are elliptical (see Lesson XXI.).
The lacrymal gland may be briefly mentioned in connection with
the eyelid. It is a compound racemose gland, yielding a watery
secretion. Its alveoli are lined by columnar cells, which are normally
filled with granules, but, after profuse secretion, these disappear, and

Friz. 411.—SECTIONS OF LACRYMAL GLAND OF D0OG, SHOWING PARTS OF Two
OR THREE ALVEQLL

A, resting ; B, after copions secretion produced by pilocarpine,

the cells become much shorter and smaller (fig. 411, A, B). lts duets,
of which there are several, open at the upper fold of the conjunctiva,
near its outer extremity.

The globe of the eye (fig. 412) is inclosed by three coats, the cornea-
sclerotic, choroid (with the iris), and retina. It is filled by the
vitreous and aqueous humours and the crystalline lens which lies
hetween them,

The selerotic coat iz composed of dense fibrous tissue, the bhundles
of which are intimately interlaced. 1t is thickest at the back of the
eyeball. It 1s covered externally with a lymphatic epithelium, while
internally it is lined by a layer of connective tissue containing pigment-
cells, which give it a brown appearance (lamina fusca). At the entrance
of the optic nerve the sclerotic is prolonged into the sheath of that
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nerve, the bundles of which, piercing the coat, give a sieve-like aspect
to the part (lamina cribrosa, fig. 424, L.).

The cornea (fig. 413) consists of the following layers (enumerated
from before back):

1. A stratified epithelivm continuous with the epithelinm of the
conjunctiva (1).

-=- GANAL OF SCHLEMM

LICAMENTUMN S S A
SUSPENSORIUM CILIARIS
RETINE

fil FOVEA GENTRALIS

OPTIC NERVE

Fii. 412 —-DMAGRAM OF A SECTION THROUGH THE (RIGHT) HUMAN EYE PASSING
HORIZONTALLY XNEARLY THROUGH THE MIDDLE. (Magnified about 4
diameters. )

o, b, equator ; x, ¥, optic axis,

2. A thin lamina of homogeneous connective tissue (membrane of
Bowman), upon which the deepest cells of the epithelium rest (2).
3. A thick layer of fibrous connective tissue which forms the proper
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substance of the cornea (3). This is continuous laterally with the tissue
of the sclerotic. It is composed of bundles of white fibres arranged

P B G

Fic. 413.—VERTICAL SECTION OF HUMAN CORNEA FROM NEAR THE MARGIN.
(Waldeyer.) (Magnified.)

1, epithelium ; 2, anterior homogeneous lamina; 7, substantia propria cornew ; 4, pos-

homogeneous (elastic) lamina; 5, epithelium of the anterior chamber; a,

oblique fibres in the anterior layer of the substantia propria; &, lamellw, with

their fibres ent across, pm:l.ucmFudﬂttcd appearance ; ¢, corneal corpusecles appear-

ing fusiform in section ; d, lamellw with the fibres cut longitudinally ; ¢, transition
to the selerotie. with more distinet fibrillation, and s!.mmmuted by a thicker epithe.
lium ; 7, small blood-vessels cut across near the margin of the cornea.
in regular lamin, the direction of the fibres crossing one another at
right angles in the alternate laminge., Between the lamine lie flattened

connective-tissue corpuscles (fig. 414), which are branched and united
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by their processes into a continuous network; there is of course a
corresponding network of cell-spaces. In vertical sections the cells
appear narrow and spindle-shaped (fig. 413, ¢). In the superficial
laminz there are a few bundles of fibres which run obliquely towards
the surface (a).

4. A homogeneous elastic layer (membrane of Descemet, fig. 413, 4).
This completely covers the back of the cornea, but near the angle
which the cornea forms with the iris it breaks up into separate fibres
(ligamentum pectinatum) which arve partly continued:into the iris as
the pillars of the iris.

2. A layer of pavement-epithelium (epithelium of Descemel’s membrane)
covering the posterior surface of the elastic lamina, and lining the

Fii, 414 —CORPUSCLES OF THE CORNEA, 1S0LATED. (Waldeyer.)

front. of the anterior chamber of the eye (fig. 413, 5). At the sides
it is continued over the ligamentum pectinatum into a similar epithe-
lium, covering the anterior surface of the iris. The cells of the
epithelium of Descemet’s membrane are separated from one another
by intercellular spaces, bridged across by bundles of fibrils which pass
through the cells (fig. 415). Each cell has a peculiar basketlike
reticulum close to the nucleus: perhaps a modified centrosome.

The nerves of the cornea pass in from the periphery, losing their
medullary sheath as they enter the corneal substance. They form
a primary plexus in the substantia propria, a secondary or sub-
epithelial plexus immediately under the epithelium which covers
the anterior surface, and a terminal plexus of fine fibrils which pass
from the sub-epithelial plexus in pencil-like tufts and become lost
hetween the epithelium-cells (see also Lesson XXI.). There are no
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blood-vessels or lymphatics in the cornea, although they come close
up to its margin.

Fig. 415, —EPITHELIUM-CELLS OF DESCEMET'S MEMBRANE. « (After Smirnow
and Nu#l.)

The choroid or vascular coat of the eye is of a black colour in
many animals, but in the human eye it is dark brown. It is com-

Fic, 416.—NERVES OF CORNEA A8 SEEN IN VERTICAL SECTION. (Ranvier.)
n, v, primary plexus in connective tissue of cornea; n, branch ]:l:lauinf to subepithelial
i

plexus, 5; p, intra-epithelial plexus ; &, terminations of fibrils,
posed of connective tissue, the cells of which are large and filled
with pigment (figs. 417, 418). It contains in its inner layer a close
network of blood-vessels, and in its anterior part the involuntary
muscular fibres of the ciliary muscle, which pass backwards from
their origin at the junetion of the cornea and sclerotic, to be inserted
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into the choroid. The choroid is separable into the following layers
{enumerated from without in):—
1. The lamina suprachoroidea (fig. 417, d). This is a loose membrane

LAQTAT . $ié.

Fig. 417.—8ecTiox oF cHoroin.  (Cadiat.)

e, membrane of Bruch : the chorio-capillaris is just above it; b, vasenlar layer ; ¢, vessels
with blood.-corpuseles ; d, lamina suprachoroidea.

composed of delicate connective tissne pervaded by a network of fine
elastic fibres, and containing many large branched pigment-cells and
lymph-corpuscles (fig. 418). It is covered superficially by a lymphatic
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FiG. 418, —A SMALL PORTION OF THE LAMINA SUPRACHOROIDEA, (Highly
magnified. )
i, plement-cells; f, elastie fibres ; », nueclei of endothelial cells (the outlines of the
cells are not indicated) ; I, lymph-cclls.

endothelium, and is separated from the lamina fusca of the sclerotic
by a cleft-like lymphatic space which is bridged across here and
there by the passage of vessels and nerves, and by bands of con-
nective tissue.
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2. The wvascwlar layer of the choroid (fig. 417, b), which resembles
the suprachoroidea in structure, but contains the blood-vessels of the
coat. In its outer part are the larger vessels (arteries and veins),
the veins having a peculiar vorticose arrangement; in its inner part
(chorio-capillaris) are the capillaries, which form an extremely close
network with elongated meshes, the capillaries radiating from the
extremities of the small arteries and veins in a highly characteristic
manner (fig. 419). In the ciliary processes the vessels have for the

Fiz, 419.—INJECTED BLOOD-VESSELR OF THE CHOROID COAT. (Sappey.)

1, one of the larger veins ; 2, small anastomosing vessels; 3, branches dividing into the
smallest vessels,

most part a longitudinal direction, but there are numerous convo-
Inted transversely disposed capillaries uniting the longitudinal vessels
(fig. 122, d).

Lining the inner surface of the choroid is a thin transparent mem
brane known as the membrane of Bruch (fig. 417, a).

The ciliary musele consists of involuntary muscular bundles which
arise at the corneo-sclerotic junction, and pass meridionally backwards
to be inserted into the choroid (fig. 420, M). Many of the deeper-
seated bundles take an oblique direction, and these pass gradually into
others which run cireularly around the circumference of the iris, and on
a level with the ciliary processes. This set of circularly arranged
bundles constitutes the circular ciliary musele of H. Miller (Mu.) ; it is
most marked in hypermetropic eves.
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The iris is that part of the vascular coat of the eye which extends
in front of the lens. It is continuous with the choroid and has a
similar structure, but its pigment-cells often contain variously eoloured
pigment. Besides the delicate connective tissue with numerous
elastic fibres and blood-vessels of which it is chiefly composed, it
contains two sets of plain muscular fibres. The one set forms the

Fri. 420.—SECTION THROUGH THE CILIARY PART OF THE EYE, INULUDING PART
OF THE CORNEA, THE ORA 2ERRATA, THE RIS AND THE EDGE OF THE LEXS
WITH ITS SUSPENSORY LIGAMENT. (Fuchs,)

¢, eornen; 8, sclerotic; (%, choroid; R, retina; P¢ its Eiqmmtad epithelium ; o,
ora serrata (termination of retina); 0, pars ciliaris: this is continued over the
chorold process, P; p.e, e, pigmenteé and non-pigmented layer of para ciliaris ;
L, lens; Af, ciliary muscle; r, its radiating (meridional) fibres passing from their
origin at the corneo-sclerotic junction; Mu, circular ciliary musele ; i, artery ; &,
voin (canal of Schlemm); z, fibres of zonula of Xinn passing between choroid
processes inte the suspensory ligament of the lens (z, i); [, angle of anterior
chamber ; 2p, sphineter pupille ; p, edge of pupil; A&, pigment epithelinvm of iris
(accidentally detached at this point) ; &, artery at insertion of iris ; £, capsule of lens.

sphineter muscle (figs. 420, sp., 421, a), which encircles the pupil, the
other set consists of a flattened layer of radiating fibres which
extend from the attachment of the iris nearly to the pupil, lying
close to the posterior surface and constituting the dilafafor muscle
(fig. 421, b).

The muscular tissue of the iris is stated to be developed from the epithelium
of the back of the iris (Nussbaum, Szili).
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The back of the iris is covered by a thick layer of pigmented
epithelium (uvea) continuous with the epithelinm of the pars ciliaris
retinge.

The blood-vessels of the iris converge towards the pupil (fig. 422, ¢),
Near the pupil the small arteries form an anastomotic circle, from
which capillaries arise and pass still nearer the pupil, avound which
they form a close capillary network.

A large number of nerve-fibres are distributed to the choroid and
iris, probably going chiefly to the muscular tissue of those parts (ciliary
muscle and sphineter and dilator iridis).

Fic., 421.—SEGMENT OF THE 1RIS, SEEN FROM THE POS-
TERIOR BURFACE AFTER REMOYAL OF THE UVEAL
PIGMENT. (Iwanoff.)

a, sphincter musele ; 6, dilator musele of the pupil.

Fic. 422, —VESSELS OF THE CHOROID, CILIARY PROCESSES
AXD IRIS OF A CHILL. (Arnold.) (10 diameters.)

i, capillary network of the posterior part of the choroid, ending

at b, the ora serrata ; ¢, arteries of the corona ciliaris, supplying

the ciliary processes, «, and passing into the iris, ¢; 5, the
capillary network close to the papillary margin of the iris.

The retina consists of the eight layers shown in the accompanying
figure (fig. 423), numbered as they oceur from within out.  «

The inner surface of the retina, which is smooth, rests upon the
hyaloid membrane of the vitreous humour. It is formed of the united
bases of the fibres of Miiller, which will be afterwards described.

The layer of nerve-fibres is formed by the expansion of the optic nerve
after it has passed through the coats of the eve (fig. 424). At its
entrance it forms a slight eminence (collicnlus nervi optici). The nerve-
fibres lose their medullary sheath on reaching the retina. Most are
connected with (derived from) the cells of the ganglionic or optic
nerve-cell layer (fig. 425), but some (centrifugal) fibres pass throngh
the ganglioniec and molecular layers to form a terminal arborisation in
the inner nuclear layer (fig. 426). The layer of nerve-fibres becomes
gradually thinner in the anterior p;n*t- of the retina.

A
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The layer of optic nerve-cells, or ganglionic layer, is composed of nerve-
cells somewhat like the cells of Purkinje of the cerebellum but varying
in size, although those of large size are prevalent in most parts of the
retina. On the other hand, in the yellow spot, smaller nerve-cells are
met with, and they may here lie several deep. These nerve-cells have

Oater or choroidal surface.

& Layer of pigment-cells,

7. Layer of rods and cones,

.« Membrana limitans externa.

6. Outer nuclear layer.

T &, Onter synapse or molecular layer.
“‘ﬂrﬁ

4. Inner nuclear or hipolar layer,

Ak & i%?g?
il el e
e

1’_ &, Inner synapse or molecular layer
g

2, Layer of optic nerve-cells

1. Layer of optic nerve-fibres,

F= e — = . . Membrana limitans interna,
Fig, 423, —DIAGRAMMATIC SECTION OF THE HUMAN RETINA. (M. Schultze.

a fine axis-cylinder process prolonged into a fibre of the layer just
noticed, and a thick branching process, the ramifications of which
terminate in the next layer in flattened arborisations at different levels
(fig. 427, A, B, C).

The inner synapse layer or inner molecular layer is comparatively thick,
and has an appearance very like parts of the grey matter of the nerve-
centres. A few nueclei are scattered through it, and it is occupied by
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Fic. 424.—BECTION THROUGH THE COATS OF THE EYEBALL AT THE POINT OF
ENTRANCE OF THE 0PTIC NERVE. (Toldt.)

Fe, dural sheath ; P, arachnoidal sheath, and Fi, pla-matral sheath of the optic nerve,

with lj'mi‘lhatic spaces between them ; 0, 0, funiculi of the nerve ; L, lamina eribrosa

A, central artery : &, sclerotic ; Oh, choroid ; K, retina. The small letters refer to the

E‘ﬁl.'i.l}'l.'lﬂ parts of the retina, & being the layer of rods and eones, and i that of nerve-

Fic. 425.—8ECTION OF DOG'S RETINA, GOLGI METHOD. (8. Ramdn y Cajal.)

«, cone-fibre 3 b, rod-fibre and nucleus ; ¢, o, bipolar cells (inner granules) with vertical
ramifications of their outer processes or dendrons @ in the centre of the ramification
lie the enlarged cends of rod-fibres; ¢, other bipolars with flattened ramifications
abutting against ramified ends of cone-fibres ; f, large bipolar with flattened ramifi-
cation ; g, inner nule-cell sending an axon towards the rod and cone-fibres ; A,
amacrine cell with diffuse arborisation of its processes in inner molecular layer ;
i, j, v, nerve-fibrils passing respectively to outer molecular, inner nuelear, and inner
mu’lqcul,u.r layers ; o, ganglionic cells.
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the processes of the nerve-cells and of the inner granules (bipolars and
amacrine cells) which form synapses in it; it is also traversed by the
centrifugal fibres from the optic nerve layer, as well as by the fibres of
Miiller.

The inner granule layer (also termed imner nuclear layer) is mainly
composed of bipolar nerve-cells containing large nuclei. A process
(the axon) of each of these cells (fig. 425) extends inwards into the
inner molecular layer where it spreads out into a terminal arbori-
sation. These arborisations occur at different levels in the layer,
forming synapses with the optic nerve-cells. Another process
(dendron) is directed outwards, and arborises in the outer molecular
layer, where it forms synapses with the terminations of the rod and
cone-fibres. 1t has been shown by Ramdn y Cajal that there are two
kinds of hipolars, one kind (rod-bipolars, fig. 425, c.d) being connected
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FiG. 426.-—SECTION THROUGH THE INNER LAYERS OF THE RETINA OF A BIRD,
PREPARED BY GOLGI'S METHOD, (Ramdn y Cajal.)

A, nerve-fibres of optic nerve layer ; B, some of these fibres passing through the inner

moleenlar layer to end in an arborisation at the junction of the inner molecular

and inner nuclear layers. The layers in this and in the two succeeding cuts are
numbered in correspondence with the layers in fig. 428, k

e

externally with the rods of the retina, and passing inwards to ramify
over the bodies of the nerve-cells, whereas those of the other kind
(vone-bipolurs, ¢) are connected with the cone-fibres, and ramify in the
middle of the inner molecular layer. The outwardly directed pro-
cesses of these cone-bipolars are, in some animals, but not in mammals,
continued on as far as the external limiting membrane, where each
ends in a free extremity (filre of Landolt, fig. 428, ). Besides these
bipolar nerve-cells, there are other larger inner granules (spongioblasts
of some authors) which are different in character, having ramified
processes which extend into the inner molecular layer (figs. 425, h;
428, A, B, C), in which the bodies of these cells are often partly
embedded. The cells in question have been regarded as of the nature
of neuroglia-cells, but according to Ramén they are probabiy all nerve-
cells.  He has termed them amacrine-cells, from the fact that they are
destitute of a long process; but some have been noticed to give off,
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besides the branching processes or dendrons, which ramify in the
molecular layer, an axis-cylinder process which may extend into the
nerve-fibre layer. There are also some cells in the outer part of the

74
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Fiic, 427. —SECTION ACROSS THE MOLECULAR AND GANGLIONIC LAYEKS OF BIRD'S

RETINA, PREPARED BY GOLGI'S METHOD. (Ramdn y Cajal.)

Three or four ganglionic calls, A, B, C, and the terminal arborsations of their dendrons,
a, B, e, in the molecular layver, are shown.

granule layer which send their processes entirely into the outer molecular
layer (fig. 428, H). These are the horizontal-cells of Ramon (also termed
spongioblasts of outer molecular layer by some authors). The fibres of
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F1a. 428.—SECTION OF BIRIVE RETINA, PREPARED BY GOLGIS METHOI,
{Hamdn v Cajal.)

A, h e nerve-cell of inner nuclear layer ; B, C, amacring cells; D, small bipolar nerve.
eells with one process, ramifying in th- inner molecular h}w..l and the other one
mnuf}ing in the outer molecular layer, and extending (E) as far as the rods and
cones as a fibre of Landolt ; F, G, rod- and cone-nuclei respectively ; H, I, cells with
dendrons ramifying in outer molecular layer ; J, fihre of Miiller,

Miiller have nuecleated enlargements (fig. 428, J) in the inner nuelear
layer.

The outer moleculur layer is thin, and is composed mainly of the
arborisations of the inner granules, of the rod and cone-fibres, and of
the horizontal cells (figs. 425, 428), which all form synapses in this layer.
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The outer nuclear layer and the layer of rods and cones are composed
of elements which are continuous through the two layers, and they
should properly, therefore, be described as one. It has been termed
the sensory epithelivin of the retina (fig. 429, 6 and 7). The elements of
which this nerve-epithelium consists are elongated nerve-cells of two
kinds. The most numerous, which we may term the rod-elements, con-
sist of peculiar rod-like structures (rods proper) set closely side by side,
each of which is prolonged internally into a fine varicose fibre (rod-fibre)
which swells out at one part of its course into a nucleated enlargement,
and ultimately ends (in mammals) in
a minute knob within the outer
molecular layer, where it is em-
bedded in the ramifications of the
dendrons of the rod-bipolars. The
rod proper consists of two Eegm'ﬁnts,
an outer cylindrical and transversely
striated segment, which during life
has a purplish-red colour if the eye
has not heen freely exposed to light,
and an inner slightly bulged segment
which in part of its length is longi-
tudinally striated. The nucleus of the
rod-element often has, in the fresh
condition, a transversely shaded aspect

(fig. 429). The cone-elements are formed

TG ' R T of a conical tapering external rt,

5, e the cone proper, thichg is directl}fpgm-
Fic. 424 — DIAGRAMMATIC REFPRE- i

sExTATION OF THE NERVE-EPI- longed into a nucleated enlargement,

Sohwalbeiie i RETINA. - (After g0 the farther side of which the cone-
The designation of the numbers is the filire, ﬂmlsidtsrahly thicker {ill man-

e mals) than the rod-fibre, passes inwards,
to terminate by an expanded arborisation in the outer molecular layer ;
here it comes into relation with a similar arborisation of dendrons
of a cone-bipolar. The cone proper, like the rod, is formed of two
segments, the outer of which, much the smaller, is transversely
striated, the inner, bulged segment being longitudinally striated.
The inner ends of the rod and cone-fibres, as already stated, form
synapses with the peripheral arborisations of the bipolars, and through
the latter elements and their synapses in the inner molecular layer a
connection is brought about with the nerve-cells and nervefibres of
the innermost layers. The connection of the retinal elements with
one another and through the optic fibres with the central nervous
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system (superior corpora quadrigemina and external geniculate bodies)
is shown diagrammatically in fig. 430 (see also fig. 408).

In birds, reptiles, and amphibia, a small oil-globule, often brightly
coloured red, yellow, or green, is found in the inner segment of each

L

L

Frc. 431.—PIGMENTED EPITHELIUM OF THE
HUMAN RETINA. (M. Schultze.) (Highly

magnified.)

h

e, cella seem from the outer surface with clear
lines of intercellular substance between ; b,
two cells seen in profile with fine offsets
extending inwards ; ¢, o cell still in connec-
tion with the outer ends of the rods.

Fic. 430.—DI1AGRAM OF THE CONNECTIONS OF THE RETINAL ELEMENTS WITH
ONE ANOTHER AND WITH THE CEXTRAL NERVOUS SYSTEM. (8. Hamdin y

Cajal.)

o to g, layers of retina; ¢, rods and cones; b outer nuclear layer; ¢, outer molecular
layer ; o, inner nuclear layer ; ¢, inner molecular layer ; r, nerve-cells giving origin to
fibres of optic nerve; g, &, i, a centrifugally conducting fibre, with a terminal
arboresgence in the retina ; j, grev matter of corpus geniculatum or corpus gquadri.

Eeminum,
cone. Other variations of structure are met with in different animals.
The cones are most numerous at the back of the retina; they are
fewer in number, and the rods are proportionally more numerous
towards the anterior part.
The pigmentary layer forms the most external part of the retina. It
consists of hexagonal epithelium-cells (fig. 431), which are smooth
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externally where they rest against the choroid, but are prolonged
internally into fine filaments which extend between the rods. The
pigment-granules, many of which are in the form of minute crystals,
lie in the inner part of the cell, and after prolonged exposure to
light they are found extending along the cell-processes between
the rods (Kiihne), their function being probably connected with the
restoration of the purple colouring matter which has been bleached
by the light. This extension of the pigment is accompanied by a
shortening of the cones (Engelmann) (fig. 432).

Fra. 432.—A. PART OF A SECTION OF THE RETINA FROM THE EYE OF A FROG
WHICH HAD BEEN KEPT IN THE DARK FOR SOME HOUHS BEFORE DEATH.
(v. Genderen-Stort. )

The pigment is collected towards the outer ends of the rods, which were red, except the
onter detached rod, which was green. The cones, which in the frog are much
smaller than the rocis, are mostly elongated,

B. A SIMILAR H2ECTION FROM A FROG WHICH HAD BEEN EXPOSED TO LIGHT.

The pigment is extended between the I‘ﬂd and is accumulated near their bases. The
rods were colourless, the cones are contracted.

Fibwes of Miiller—The fibres of Miiller (fig. 428, J, and fig. 433)
are long stiff cells which pass through several of the retinal layers.
Commencing at the inner surface of the retina by expanded bases
which unite with one another to form the so-called internal limiting
membrane (fig. 434), they pass through all the layers in succession,
until they reach the outer granule layer. Here they branch and
expand into a sort of honeycomb tissue which serves to support the
fibres and nuclei of the rod- and cone-elements. At the bases of the
rods and cones, this sustentacular tissue ceases, being here hounded
by a distinct margin which has been called the external limiting

—
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membrane (fig. 433, m.e.l.), but delicate sheaths pass from it around
the bases of the rods and cones. Each Miillerian fibre, as it passes
through the inner granule layer, has a nucleated enlargement (n),
indicating the cell-nature of the fibre. The fibres of Miiller represent
elongated neuroglia cells, such as are found in some parts of the
nerve-centres, e.g. the cerebellum (see fig. 389, gi%).

There are two parts of the retina which call for special description.

o =
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Fig. 434,

Fic. 433.—A FIBRE oF MULLER FROM THE DOG™S
RETINA, GOLGI METHOD. (Hamin y Cajal.)

1, nerve-fibre layer: 2, nerve-cell layer: 3, inner molecular
layer; 4, inner granule layer ; &, outer molecular lnyer ; o,
outer pranule layer; &, nucleus of the fibre; o, a process
extending into inner molecular Iayer; w.li, membrana
limitans interna ; m.le, membrana limitans externa,

Fi:. 434.—INTERNAL LIMITING MEMEHANE OF RETINA

TREATED WITH SILVER E]T]L‘ﬁTI:, HHOWING THE OUT-
Fia. 433, LINES OF THE BASES OF THE FIBRES OF MULLER.
(G. Retzius. )

The macula lutea (yellow spot), with its central fovea, i
the part of the retina which is immediately concerned in direct
vision. It is characterised firstly by its greater thickness (except
at the middle of the fovea), secondly by the large number of its
ganglion-cells, which are rounded or conical, and thirdly by the
large number of cones it contains as compared with the rods. In
the central fovea itself (fig. 435) there are no rods, and the cones
are very long and slender, measuring not more than 2p in diameter ;
all the other layers become gradually thinned down almost to com-
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plete disappearance, so that the middle of the central fovea is the
thinnest part of the retina. Since there are few rods, the outer
granule layer loses in great measure its appearance of being composed
of closely packed nuclei, and the cone-fibres are very distinet. The
direction of these fibres is oblique in this part of the retina.

The pigmentary layer is thickened over the fovea, and there is
also a thickening in the choroid coat here, due to a large accumula-
tion of capillary vessels.
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Fi:. 435.—SECTION THROUGH THE CENTRAL FART OF THE FOVEA CENTRALIS.
242, (From a preparation by C. H. Golding-Bird.)

M, bases of Miillerian fibres ; i.g., nuelei of inner granules (hipolars) ; o.g., cone-fibre nuclei.

The pars ciliaris retins, which ecommences at the ora serrafa, where
the retina proper abruptly ends, is composed of two epithelial layers
(fig. 436), and has no nervous structures. Of the two layers, the
external is a thick stratum of pigmented epithelium formed of
rounded cells and continuous with the pigmentary layer of the
retina on the one hand, and with the uvea of the iris on the other;
the inner is a layer of columnar cells, each containing an oval nucleus.
They probably represent the Miillerian fibres of the retina.

The retina contains but few blood-vessels. The central artery
enters and the vein leaves it in the middle of the optic nerve. The
larger vessels ramify in the nerve-fibre layer, and there are capillary
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Fra. 436 —A SMALL PORTION OF THE CILIARY
diameters.

1, pigment-cells ; 2, columnar-cells.
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OF THE EFPITHELIUM OF

THE CAPSULE INTO THE LENS-FIBRES.

(Babuchin. )

0OF THE RAEBITS LENS, SHOWING THE

Fii. 437. —SECTION THROUGH THE MARGIN
TRANSITION
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networks in this layer and in the inner nuclear layer. There are
perivascular lymphatic spaces around the veins and capillaries. The
sensory epithelium receives no blood-vessels, but is nourished from
the vessels of the choroid.

The lens.—The lens is a laminated fibrous body inclosed by a trans-
parent elastic capsule to which, around the circumference, the fibres of
the suspensory ligament are attached (fig. 420). Immediately within the
capsule, in front and at the sides, there is a layer of cubical epithelium
termed the epithelium of the capsule, but at the margin of the lens
the cells become longer and pass by a gradual transition into the
lens-fibres (fig. 437). The fibres which compose the lens are long and
riband-shaped, with finely serrated edges (fig. 438, A); in transverse

FiG. 439.--CELLS OF VITREOUS. (Schwalbe.)
a, o, without vaouoleg; U, e, e, 5, o, with vacuoles.

nucleated (), the lens-fibres having originally been developed hy the
elongation of epithelium-cells,

The vitreous humour.—-This is composed of soft gelatinous tissue,
apparently structureless when examined in the fresh condition, but
containing fibres and a few scattered cells, the processes of which are
often long and varicose, and the cell-bodies distended by large vacuoles
{fig. 439). The hyaloid membrane, which invests the vitreous humonur,
is homogeneous and structureless except in the region of the ciliary
processes, where it is fibrous in structure, forming the zonule of Zinn
and spreading out into the suspensory ligament of the lens (fig. 420).
This part of the hyaloid membrane is connected with a ecireular
fibrous portion of the vitreous humour which serves to give addi-
tional firmness to the attachment of the fibres of the suspensory
ligament of the lens (Anderson Stuart).
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LESSON XLV.

STRUCTURE OF THE OLFACTORY MUCOUS MEMBRANE
AND OF THE FXTERNAL AND MIDDLE EAR.

1. VERTICAL sections of the olfactory mucous membrane. The sections may
be carried either across the upper turbinate bone, after decalcification in
02 per cent. chromic acid, or across the upper part of the nasal septum.
Make a sketch under the low power. Notice the difference in the character
of the epithelium in the olfactory and rvespiratory parts of the membrane,

2. Teased preparation of the epithelinm of the olfactory mucons membrane.
A piece of the membrane is placed quite fresh in osmie acid (1 per cent.) for
a few hours, and is then macerated for two days or more in water. The
epithelium is broken up in dilute glyeerine ; the cells easily separate from
one another on tapping the cover-glass. Notice the two kinds of cells
Sketch some of the cells under a high power.!

3. Sections of the external ear (these have been already studied for the
cartilage, Lesson XIL.),

4. Sections across the cartilaginous part of the Eustachian tube. Sketel
under the low power.

5. Preparation of the membrana tympani. A piece of the membrane,
stained with magenta and gentian violet (see Lesson IX. § 2), is mounted flat
in Canada balsam.

Determine the composition of the membrane—ie the several layers com-
posing it—by focussing carefully with the high power.

STRUCTURE OF THE OLFACTORY Mucous MEMERANE.

The olfactory region of the nasal fossw includes the upper and
middle turbinate processes and the upper third of the septum. It
is covered by a soft vascular mucous membrane of a yellow colour
in man.

The epithelium of the olfactory mucous membrane (figs. 440, 441} is
very thick and is composed of long tapering cells, set closely side by
side and bounded superficially by a cuticular lamina, through which
the free ends of the cells project. The cells are of two kinds: 1. Long
narrow spindle-shaped or bipolar nerve-cells consisting of a larger part
or body (4), containing the nucleus, and of two processes or poles, one
(¢) straight and cylindrical and extending to the free surface, the other
(d) very delicate and varicose, looking not unlike a nerve-fibril and
extending down towards the corium. The position of the nuclear

1 The connection of the olfactory cells with the olfactory nerve-fibres is displayed in
embryos, the method of Golgi being employed.
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enlargement varies, and with it the relative length of the two processes.
The distal or free process terminates in a small clear projection, which
passes beyond the cuticular membrane; in amphibia, reptiles, and
birds, and perhaps also in mammals, it bears fine stiff hairlike fila-
ments. The proximal or varicose process becomes lost amongst the
plexus of olfactory nerve-fibrils at the base of the epithelium ; it is
connected with one of the fibrils, and ultimately passes through the
cribriform plate of the ethmoid to end in an arborisation within one of
the olfactory glomeruli (see diagram, figz. 403, p. 350). These cells

Fic., 440.—CELLs AND TEEMINAL NERVE-FIBRES OF THE OLFACTORY REGION,
(Highly magnified. )

i, from the fJ'nE; Zand 3, from man. In I and 2 ;—ea, epithelial cell, extending deeply
into a ramified process; b, olfactory cells ; ¢, their peripheral rods; ¢, the extremi-
ties of these, seen in 1 to be prolonged into fine hairs ; d, their central filaments.
In #:—h, hairlets; ¢, free border of cell; p, peripheral process ; b, body of cell ;
i, nerve-fibre. I and £ from M. Schultze ; 3 from v. Brunn.

have been termed the olfactory cells. 2. Long columnar epithelium-cells
(2), with comparatively broad cylindrical nucleated cell-bodies placed
next to the free surface, and long, forked, and branching tail-like pro-
cesses extending down to the corium. These are regarded not as
sensory epithelium-cells, but merely as serving to support the proper
olfactory cells. They are the columnar or sustentacular cells. 3. Taper-
ing cells are present, at least in some animals, in the deeper part of the
epithelium, They rest by their bases upon the corium, and project
between the other cells, which they assist to support.
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The corium of the olfactory mucous membrane is also very thick
(fig. 441). It contains numerous blood-vessels, bundles of the olfactory
nerve-fibres (which are non-medullated), and a large number of serous
glands known as Bowman's glands (b), which open upon the surface hy
duets which pass between the epithelium-cells.

STRUCTURE OF THE AUDITORY ORGAN,

The external ear proper (pinna) is composed of elastic fibro-cartilage,
invested by a thin closely adherent skin. The skin is covered by
small hairs, and connected with these are the usual sebaceous follicles.
In some parts—e.q. the lobule—there is a considerable amount of
adipose tissue; and voluntary muscular fibres are in places attached
to the cartilage, and may therefore be seen in sections of the ear.

RN
o

Fig, 441.—SECTION OF OLFACTORY MUCQUS MEMBRANE, (Cadiat.)
i, epithelium ; b, glands of Bowman ; ¢, nerve-bundles,

The external anditory meatus is a canal formed partly of cartilage
contmuous with that of the pinna, partly of bone. It is lined by a
prolongation of the skin and is closed by the membrana tympani,
over which the skin is prolonged as a very thin layer. Near the
orifice the skin has hairs and sebaceous glands, and the meatus is
also provided throughout the cartilaginous part with small convoluted
tubular glands of a brownish-yellow colour, which yield a waxy
secretion (ceruminous glands). They appear to represent modified
sweat-glands. They are represented in fig. 442.

The tympanum is lined by a mucous membrane which is continuous
through the Eustachian tube with the mucous membrane of the
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pharynx : it is also prolonged into the mastoid cells. The epithelium
is columnar and ciliated in some parts, but in others—eg. roof,
promontory, ossicles, and membrana tympani—it is a pavement-
epithelinm.

The membrani tympani is a thin membrane formed of fibrous
bundles which radiate from a central depression (umbo). Within

rlr. [ = th’l-

A
Root-sheath of L R Hair-follicle.
:fjg}li‘scle? ﬂ} '_ﬁl}
L

Root of hair, _ll' _l"".

Ceruminens gland.

Fii, 442, —CERUMINOUS GLANDE AND HAIHS OF THE EXTERNAL EAR. (Griiber.)

the radial fibres are a few annular bundles. Covering the fibrous
membrane externally is a thin layer continuous with the skin of the
meatus ; covering it internally is another thin layer, derived from
the mucous membrane of the tympanic cavity. Blood-vessels and
lymphatics are distributed to the membrane chiefly in the cutaneous

and mucous layers.
The Eustachian tube is the canal leading from the tympanum to
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the pharynx. It is formed of bone near the tympanum, but below,
near the pharynx, it is bounded partly by a bent piece of cartilage
(fig. 443, 1, 2), partly by fibrous tissue. The latter contains nume-

Fra, 443 —SECTION ACROSS THE CARTILAGINOUS PART OF THE EUSTACHIAN
TUBE. (Riidinger.)

I, 2, bent cartilaginous plate; 3, muse, dilatator tubes; to the left of &, part of the
attachment of the levator palati musele ; 5, tissue uniting the tube to the base of the
gkull ; & and 7, mucous glands ; &, 10, fat ; @ to 17, lnmen of the tube ; 12, connective

tissue on the lateral aspect of the tube,
rous mucons glands (6, 7), which open into the tube, and on the
outer side a band of museular tissue (3) which joins the tensor palati.
The epithelium is ciliated.
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LESSON XLVI.
STRUCTURE OF THE LABYRINTH.

1. SecrioNs across one of the membranous semicireular eanals of a fish
(skate).

2. Longitudinal sections throngh the ampulla of a semicircular canal
(skate).

1 and 2 may be hardened in chromic and osmic acid (see below under 5)
and embedded in celloidin. )

The semicireular canals and their ampulle may also be seen cut across in
sections of the petrosal of the guinea-pig or other mammal.

3. Golgi preparations of the macula of the utricle from the skate.

1. Teased preparations of the auditory epithelium of an ampulla or of the
macula of the utricle, from the skate,

5. Vertical sections through the middle of the cochlea of a mammal
(guinea-pig).

The cochlea is put quite fresh into 02 per cent. chromic acid containing
one-fifth its volume of 1 per cent. osmie acid, or into Flemming's solution.
The decalcification can be hastened by the use of the phloroglucin-nitric
acid fluid.! When decalcified, the preparation is well wn.shed,anr]g then placed
il spirit.

lnp preparing sections of the above three preparations it is advisable, in
order that the epithelinvm should be kept in position, to embed in celloidin.
If the paraftin method of embedding be used, the sections are fixed to the

slide by an adhesive process. The organ should preferably be stained in
bulk.

6. Teased preparations of the epithelinm of the organ of Corti from the
guinea-pig.

Both 4 and 6 are made from osmic preparations.

Make sketches from all these preparations under the high power.”

The labyrinth, which is the essential part of the auditory organ,
consists of a complex membranous tube lined by epithelium and filled
with endolymph, contained within a bony tube—the osseous labyrinth

of corresponding complexity of shape (figs. 444, 445). The mem-
branous labyrinth does not wholly fill the bony cavity ; the rest of the
space is oceupied by perilymph. The membranous labyrinth (fig. 444)
is composed of the wfricle (u), and the three semicirewlar canals—each
with an enlargement or ampulla which opens into it—the saceule (s), and
the canal of the cochlea (c.c.).

18ee Appendix.

#For the methods of obtaining the various parts of the labyrinth for microscopical
examination, the reader is referred to the author’s Course of Practical Histology.
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The branches of the auditory nerve pass to certain parts only of the
membranous labyrinth, viz. the macul® of the utricle and saccule, the
eristee of the ampullie, and along the whole length of the canal of the
cochlea (the shaded parts in fig. 444).

At these places the lining epithelium is specially modified to form a
sensory  or nerve-epithelium ; elsewhere it is a simple pavement-
epithelinm. : '

The membranous semicircular canals and the utricle and saccule
are composed of fibrous tissue, which is adherent along one side to the
endosteum of the hony canal ; from the opposite side bands of fibrous
tissue pass across the perilymph. Within the fibrous membrane is a

Fia, #4. —PLAX OF THE RIGHT MEM-
BRANOUS LABYRINTH VYVIEWED FROM
()

THE MERIAL ARPECT.

Fi:. 445.—VIEW OF THE INTERIOR OF
THE LEFT O88EOUS LABRYRINTH.

1

i, utricle, with its macula and &ae, p.se,
and e, the three semicircular canals
with their ampulle; s saecceule; g,
aquesductus vestibuli; se, sacous endo-
Iymphaticus; e+, canalis reuniens ; e,
canal of the cochlea,

The bony wall of the labyrinth is removed

superiorly and externally. 1, foven hemi-
elliptica ; 2, fovea hemispluerica; 3, com-
mon opening of the superior and posterior
semicircular canals; 4, opening of the
aqueduct of the vestibule ; 5, the superior,
i, the posterior, and, 7, the external semi-
clrenlar canals ; 8, sepiral tube of the coch-

lea; 9, scala tympanit ; 10, scala vestibuli.

thick clear tunica propria, which, in the semicireular ecanals, forms
papilliform elevations in the interior of the tube (figs. 446, 447).

The places of entrance of the nerve-fibres are marked in the
ampulle by a transverse, inwardly projecting ridge (erisfe), in the
saccule and utricle by a thickening of the tunica propria (macula)
The epithelium at these places is formed of columnar cells (fig. 4+48),
which are surmounted by long, stiff, tapering hairs (audifory haeirs,
fig. 448, k), and around these kair-cells the axis-cylinders of the nerve-
fibres ramify (fig. 450) ; they are therefore—like the gustatory cells of
the taste-buds—sensory epithelium cells.  Between them are a number
of thin and somewhat rigid nucleated cells ( fibre-cells of Retzius), which
rest upon the basement-membrane, and are connected at their free
extremity with a cuticular membrane, through which the aunditory
hairs project.
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Fii. 446.—BECTION OF ONE OF THE HUMAN SEMICIRCULAR CANALS, (Ridinger.)
(Magnified. )

1, o=secous wall; 2, fibrous bands with included blood-vessels, united at 3 with the
ostenm ; 4, membranous canal with its three layers; 5, short fibrous bands
with intervening rip:mcﬁg nniting the membranous eanal firmly to the periostenm ;

G, union of its outermost layer with the periostenm.

Fi. 447.—SECTION OF MEMBRANOUS SEMICIRCULAR CANAL. (Riidinger.)
(More magnified.)
1, outer fibrous layer; 2, tunica propria; 3, 6, papilliform projections with epithelial

covering ; 5, fixed side of the canal, with very thin tunica propria without papillse ;
7, fibrous band= passing to periosteum.
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The auditory hairs do not jut freely into the endolymph, but into a
soft mucus-like substance, of a dome-like form in the ampulle (cupuln

Fig. 445.—LONGITUDINAL SECTION OF AN AMPULLA THROUGH THE CRISTA
ACUSTICA (SEMIDIAGHAMMATIC).
anip.., cavity of whe ampulla ; ae.e, semicireunlar canal opening out of it ; ¢ connective
tigene attached to the wall of the membranous ampulla and traversing the perilymph ;
¢, &, flattened epitheliuvm of ampulla ; &, anditory hairs projecting from the ecolumnar
L'eﬂ'u of the auditory epithelinm into the cupula, cicp. terne; v, blood-vessels ; «, nerve-
fibres entering the base of the erista and passing into the columnar cells,

Fic. 449.—SECTION OF MACULA OF UTRICLE, MaX. (G. Retzius.)

ke, bundles of the utrieular branch of the vestibular part of the eighth nerve: A,
auditory hairs ; p.Ls perilymphatic space.

ferminalis, fig. 488), and which in the saccule and utricle has a mass of
caleareous particles (ofoliths) embedded in it.
The cochlea consists of a bony tube coiled spirally around an axis
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which is known as the eolumella (fig. 451). The tube is divided
longitudinally by a partition which is formed partly by a projecting
lamina of hone (spiral lamina), partly by a flat membrane (basilar
membrane), into two parts or seale ; the upper (supposing the cochlea
resting base downwards) being termed the scala vestibuli (fig. 452, s.0.),
the lower scala tympani (s.f.); the latter is closed near its larger end
by the membrane of the fenestra rotunda. The scal® are lined by
endosteum, and are filled with perilymph, continuous with that of the
rest of the osseous labyrinth at the commencement of the scala vesti-
buli ; they communicate at the apex by an opening, the helicotrema.

The seala vestibuli does not ocenpy the whole of that part of the

Fii. 450.—NERVE TERMINATIONS IN MACULA. GOLGI METHOD.
{ Barker, from Lenhossélk.)

bony tube of the cochlea which is above the partition.  Its outer third
15 cut off by-a delicate connective-tissue membrane (-rmmbrﬁﬁe of Ketssner,
fig. 452, I?), which springs from near the end of the spiral lamina, and
passes upwards and outwards to the outer wall, thus separating a canal
(£0.C") triangular in section, which is lined by epithelium, and represents
the membranous labyrinth of the cochlea (duct or canal of the cochlea).

Canal of the cochlea.—The floor of the canal of the cochlea is formed
(1) of the extremity of the spiral lamina, which is thickened above by
a peculiar kind of connective tissue, forming an overhanging projection
known as the fimbus (fig. 452, 1) (2) of the basilar membrane (b.m.),
which stretches across from the end of the bony lamina to the outer
wall, and is attached to this by a projection of reticular connective
tissue termed the spiral ligament (Lsp).
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FiG. 451.—VERTICAL SECTION THROUGH THE MIDDLE OF THE COCHLEA, (Semi-
diagrammatic. )

FiG. 452.—VERTICAL SECTION OF THE FIRST TURN OF THE HUMAN COCHLEA,
((+. Retzius.)

&0, seala vestibuli 3 2.6, seala tympani ; D¢, canal of the cochlea ; sp.f, apiral lamina ; =,
nerve-fibees ; Lap, spiral ligament ; sfev, strin vascularis ; e.#p, spiral groove ; K,
section of Reissner's membrane ; [, limbus lamine spivalis ; Mt, membrana tectoria ;
tC, tunnel of Corti; b, basilar membrane ; &4, e, internal and external hair-cells,
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The basidar membrane is composed of stiff straight fibres, which
extend from within out, and are embedded in a homogeneons stratum.

Fig., 453.—A raix OF RODS OF CORTI, FROM THE RABEIT'S COUHLEA, IN BIDE
view. (Highly magnified.)

b, I, basilar membrane ; i.v., Inner rod; e, outer rod. The nucleated protoplasmie
mnsses at the feet are also shown.

[t iz covered below by a layer of connective tissue continuous with
the endosteum of the scala tampani; above, the modified epithelium,
which forms the organ of Corti, rests upon it. It becomes gradually
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Fii., 454.—SECTION THROUGH THE ORGAN OF CORTI OF THE HUMAN COOUHLEA,
((:. Retzing.) (Highly magnified.)
hroader in the upper turns of the cochlea (rather more than twice
as broad in the uppermost as in the lowermost turn), and its con-
stituent fibres become therefore gradually longer.
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The organ of Corti comsists of the following structures:

1. The rods of Corfi, two series (inner and outer) of stiff, striated
fibres of a peculiar shape, the inner rods somewhat like a human
ulna, the outer like a swan’s head and neck (fig. 453). They rest
by one extremity (the foot) on the basilar membrane a short distance
apart, and are inclined towards one another, their larger ends (heads)
being jointed together; the series of rods thus inclose a sort of
tunnel, the floor of which is formed by a part of the basilar mem-
brane (fig. 455). Close to their feet may usually be seen the remains
of the cells from which they have been formed. The inner rods are
narrower and rather more numerous than the outer. The head of

;Li.. I!r.'r, )
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Fig. 455, —SEMI-DMAGRAMMATIC VIEW 0OF PART OF THE BASILAL MEMBHRAXE
AND TUNNEL OF CORTI OF THE RABBEIT, FROM ABOVE AND THE S1DE
(Much magnified. )

i, limbus ; £, extromity or crest of limbus with tooth-like projections ; 6, basilar mem-
brane ; sp.d., spiral lamine with, p, perforations for transmission of nerve-fibres ;
i.r., fifteen of the inner rods of Corti ; A.i., their flattencd heads seen from above ; o0,
nine outer rods of Corti ; &i.e, their heads, with the phalangeal processes extending
outward from them and forming, with the twoe rows of phalanges, the lamina
reticularis, Lr,
each outer rod has a process which extends outwards and is known
as the phalangeal process. This forms part of—

2. A reticwlar lamina (fig. 455, Lr.), which is a enticular structure ex-
tending like a wire-net over the outer epithelium-cells of the organ
of Corti, and is composed of two or three series of stiff fiddle-shaped
rings (phalanges) cemented together in such a manner as to leave
square or oblong apertures through which the hair-cells (see below)
project.

3. The outer hair-cells placed external to the rods of Corti. These
are epithelium-cells of columnar shape, arranged in three or four
series (fig. 454). The free extremity of the cell is surmounted by
a bundle of short awditory hairs, and projects through one of the
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apertures in the reticular lamina; the fixed extremity is prolonged
mto a stiff cuticular process (fig. 456, p), which is attached to the
hasilar membrane. Between them are other supporting cells which
are tapered in the same manner, but rest by their larger end upon

Fic. 456, —AX OUTER HATR-CELL IN CONNECTION WITH 1T5 BASILAR
PROCESS. From the guinea-pig. (Highly magnified.)
Two auditory hairg have remained attached to the cell; b, bulged lower

end of cell; p, basilar I!Erf-ce,w, protoplasmic above, but becoming

onticular below, and slightly expanded at the extremity, f, which is
broken away from the basilar membraue.

f

the hasilar membrane, and are prolonged above into a cuticular
process which is attached to the reticular lamina (cells of Deiters,
figs. 454, 457).

Fic. 457. Fis. 4568, ks

Fii. 457.-- FOUR CELLS OF DEITERS FROM THE RABBIT. (After (. Retzius.)
(Highly magnified.)

The wvaricose lines are spirally-running nerve-fibrils. The alangeal processes are
attached above to a portion of the lnmina reticularis.

Fiii. 458, —GENERAL VIEW OF THE MODE OF DISTRIBUTION OF THE COCHLEAR
NERVE, ALL THE OTHER PARTS HAVING BEEN REMOVED. (Arnold.)

1. The inaer hair-cells (fig. 454), placed internal to the rods of Corti.
They form a single series of columnar cells surmounted by auditory
hairs, lying in close apposition to the inner rods.
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The remaining epithelium-cells have no important characteristies.
They are long and columnar next to the outer hair-cells, but soon
diminish in size, becoming cubical, and in this form they are con-
tinued over the outer wall of the cochlear canal. Here they cover
a very vascular membrane (strin vasculoris, fig. 452, str.e.), which is
frequently pigmented ; its capillary blood-vessels penetrate between

Fig. 409.—ExDING OF SOME OF THE FIERES OF THE COCHLEAR NERVE AMONGST
THE HAIR-CELLS. (G. Retzius.)
Thiz preparation is made by Golgi's method, and iz viewed from above. g, a cell

helonging to the apiral ganglion.
the epithelium-cells. Internal to the inner hair-cells the epithelium
also soon becomes cubical; it is prolonged in this form over the
limbus of the spiral lamina. The epithelium of Reissner’s membrane
is of the pavement variety.

The membrana tectoria (figs. 452, 454) is a soft, fibrillated structure,
which is attached along the upper surface of the limbus, and lies
like a pad over the organ of Corti. It thins out towards the distal
margin, here becoming somewhat reticular, and, according to Retzius,
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APPENDIX.

Mounting solutions :—-1. Sualine solution.—A 06 to 0-9 per cent. solution
of common salt is used in place of serwm for mounting fresh tissues for
immediate examination.

2. Glycerine, diluted with an equal quantity of water. The cover-glass
may be fixed by gold size.

3. Canada balsam, from which the volatile oils have been driven off by
heat, dissolved in xylol.

4. Acetate of potassiwm, a nearly saturated solution. This is the best
medinm  for osmic preparations and for iodine stained liver, showing
clycogen within the cells. The cover-glass may be fixed by soluble glass
or by gold size.

General methods of preserving and hardening tissues and organs.
The fluids which are most commonly used are alecohol (75 per cent. to
absolute) ; Carnoy’s fluid (absolute aleohol 60 c.c., chloroform 30 ce glacial
acetic acid 10 cc); formol (diluted with from 9 to 99 parts of water);
corrosive sublimate (saturated solution in water or spirit): chromic aeid
solution (1 in 200 to 1 in 500, to which glacial acetic acid may advantageounsly
be added in the proportion of 2 parts acetic acid to 1000 chromie solution) ;
picrie acid solution (saturated, either alone or containing 2 parts of nitric or
sulphuric acid to 1000); Mann's fluid (a mixture of equal parts of saturated
aqueons solutions of mercuric chloride and picrie acid) ; osmie acid solution
(1 per cent.) ; bichromate of potash solution (3 per cent.), to which for morve
rapid hardening glacial acetic acid may be added to the extent of 5 per cent.
or less; Miiller's fluid (bichromate of potash 24 parts, sulphate of soda
1 part, water 100 parts) ; Zenker's fluid (which is Miiller's Huid containing
5 parts per cent. of mercuric chloride, to which 5 c.c. of acetic acid is added at
the time of use) ; and mixtures of Miiller’s finid and osmic acid 1 per cent. in
varying proportions.

1t is best, if possible, to inject the Huid used for hardening into the blood-
vessels after washing them out with warm normal saline ; if this is not
possible, very small pieces of tissue should be taken, and always a consider-
able amount of the hardening fluid.

The fluid of most nniversal application is formol. This iz a 40 per cent.
solution of formaldehyde. Mixed in the proportion of 2 to 5 parts formol
to 100 water, it penetrates readily and hardens quickly.

For preserving the structure of cells and nuelei, one of the best fixing
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fluids is that recommended by Flemming., This consists of 15 vols. of 1 per
cent. chromic acid, 4 vols. of 2 per cent. osmiec acid, and 1 vol. glacial acetic
acid. Tt is sometimes diluted with from two to five times its bulk of water
before use. Three or four days is generally sufficient. The tissue should be
washed for several hours in running water after hardening, and then placed
in aleohol. Carnoy’s fluid is also excellent for cell-structure and mitotic
changes, and very rapid in its action.

Tissues to be hardened in aleohol are usually placed at once in strong
methylated spirit, or, better, in absolute aleohol, but for some tissues it is
best to begin with 50 per cent. aleohol, and pass the pieces through successive
grades of 75 per cent., 95 per cent., into absolute aleohol, leaving them a few
hours in each. They are ready for cutting as soon as they are dehydrated,
bt as a rule they may be left indefinitely in alecohol without deterioration.
Organs which contain muech fibrous tissue, such as the skin and tendons,
should not go into stronger aleohol than about 80 or 90 per cent. ; otherwise
they become too hard to cut. Alechol iz generally used after the other
fixing reagents, partly to complete the hardening, partly on account of its
dehydrating property, since previous to embedding in paraffin all trace of
water must be eliminated from the tissue. If mercurie chloride be used for
hardening, tincture of iodine must be added to the aleohols subsequently
used (except the final aleohol), to zet rid of the excess of sublimate. Mer-
curi¢ chloride in aleohol (saturated solution) is one of the most rapid fixing
and hardening reagents, and may be nsed if sections are desired within a
very short time. It can also be used in place of aleohol and ether mixture
for fixing blood films (Lesson IL., § 5), in which case it may be saturated
with eosin, and used for fixing and staining at the same time. An immersion
of b minutes is sufficient.

Many tissues can be instantly hardened by being plunged for a minute
into boiling water and then placed in aleohol : this is not, however, a good
method for glandular organs.

For tissnes that are to be hardened in chromie acid an immersion of from
7 to 14 days is generally necessary ; they may then, after washing for some
hours or days in tap-water, be placed in aleohol for preservation and to
complete the process of hardening. The spirit shonld be changed onece or
twice,

Organs placed in bichromate of potash or Miiller’s fluid are ready for
section in a fortnight or three weeks; they may, however, be left for a
much longer time in those fluids without deterioration.

With picric acid the hardening process is generally complete in 2 or 3
days ; the organs may then be transferred to spirit, which ought to be
frequently changed.

The hardening of the brain and spinal cord in Miiller’s fluid takes from
3 weeks to as many months. It can be hastened by warmth, and by the
addition of acetic acid, or by placing small pieces in Marchi's solution (see
below), after they have been a week or 10 days in Miiller’s fluid.

Tissues econtaining calcareous matter, e.g. bone and tooth, may be rapidly
decaleified in a solution made by dissolving, with the aid of heat, 1 grm.
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phloroglucin in 10 e.c. nitrie acid, and filling up to 100 c.c. with water, to
which more nitric acid may be added if desired. For decalcifying more
slowly a 1 to 5 per cent. solution of nitric acid in water or alcohol, a
saturated solution of picric acid containing a superabundance of crystals,
or a 1 per cent. solution of chromic acid may be employed.

Embedding of hardened tissues, and preparation of sections.-
Sections are most advantageously made with some form of microtome. It
is generally needful to support the hardened tissue whilst it is being cut,
and with this object it is embedded in some substance which is applied
to it in the fluid condition and becomes solid on standing. The embedding
substance can either simply inclose the tissue, or the tissne may be =oaked
in it : the latter method is the one most commonly employed.

The embedding substance chiefly used is paraffin of 50° C, melting point.

Embedding in paraffin.—Before being soaked in melted paraffin, the piece
of tissue may be stained ; it is then dehydrated by a series of alecohols
(50 per cent., 75 per cent., 95 per cent.) finishing up with absolute alcoliol,
and soaked in cedar-wood oil, xylol, or chloroform. It is now transferrved to
molten paraftin, which should not be too hot, and is soaked in this for one or
several hours, according to thickness. It is then placed in a mould o in
a watch-glass which has been smeared with glyeerine, and is covered with
molten paraffin which is allowed to cool quickly. A square block of the
paraffin containing the tissue is then fixed in the desived position on the
microtome, thin sections are cut and fixed to a slide (see below), the parvafiin
dissolved out by turpentine or xylol, and the sections mounted.

If it be desired to cut a riband of successive sections, and the paraflin used
proves too hard for this purpose, a paraffin of lower melting point (40° () is
smeared over the opposite sides of the block ; the sections then adhere
together as they are cut.

Preparation oy frozen sections.—The bichromate solutions and formol ave
the best fluids to use for preserving tissues which are to be frozen in place
of being embedded. The tissue requires to be soaked in gum-water before
being placed upon the freezing microtome. A thin syrup of either gum
arabic or dextrin may be used.

Embedding in celloidin.—The piece to be embedded is dehydrated by
aleohol, and is then placed over night in a solution of celloidin in alcohol and
ether similar to ordinary collodion, and afterwards in collodion of double
strength. After 24 hours more it is removed from the celloidin (collodion)
and placed upon a metal holder which is adapted to be fixed in the microtome
when the celloidin has been hardened, When the celloidin is set by evapora-
tion of its ether the holder is plunged in alechol (85 per cent.), and after a
few hours sections may be eut with a knife wetted with spirit of the same
strength. The sections are placed in 95 per cent. alcohol ; and passed
through cedar-wood oil or bergamot oil into xylol balsam. They must
not go into eclove-oil, nor into absolute aleohol. The advantage of the
method is that the celloidin, which is quite transparent, need not be got rid
of in mounting the sections, and serves to keep the parts of a section
together : it i thus very useful for friable tissues or for large sections. The
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tissne may either be stained in bulk before embedding, or the sections may
be stained.

Microtomes.—A section-cutting apparatus or microtome is essential for
histological work., Several kinds are made, but those which are most
generally useful are the Catheart microtome for freezing ; the rocking miero-
tome of the Cambridge Secientific Instrument Company, and the tripod
microtome for objects which have been embedded in paraffin ; and the sliding
microtome for celloidin-embedded tissnes. The action of the rocker is auto-
matic ; that iz to say, every to-and-fro movement of the handle, 5, not only
cuts a section of the tissue of definite thickness, but also moves the paraffin
block forwards in readiness for the next section. And by employing a
rectangular block of parvaffin of the proper consistency, a long series of

Fri, 460 —RooKING MICHOTOME.

sections of the same object, of equal thickness, can be obtained and made
to adhere together in a riband (as shown in fig. 460). The sections can be
kept in series by the employment of some adhesive method of mounting the
riband.  Other good automatic mierotomes are those designed by Minot and
Delepine, but_they are more complicated and expensive.

The tripod microtome is a simple and efficient little instroment, and has
the advantage of being very inexpensive. It consists of a metal frame (fig.
461) in which the razor is fixed, provided with a micrometer serew by which
the height of the razor-edge is adjusted. The paraffin block containing the
tissue is fixed by the aid of heat on a flat piece of glass over which the tripod
slides. The razor-edge i lowered after each successive section.

In the Catheart freezing microtome (fig, 462) the tissue, after being soaked
in gum-water, is placed on a metal plate and frozen by playing an ether-spray
on the under surface of the plate. The plate is moved upwards by a finely
cut serew, and the knife or plane used to cut the sections is guided over the
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FiG. 461.—Trrron MIcROTOME. (Birch’s pattern.)

Fii. 462, —CATHCART FREEZING MICROTOME.

plate by passing over glass slips.  In using the freezing microtome, especially
for the nervous system, it is important not to freeze the tissue too hard, or

the section will roll up like an ice-wafer,
20
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For celloidin-embedded preparations it is necessary to cut the sections
with a knife kept wetted with spirit. For this purpose a sliding micro-
tome, in which the knife or razor is moved horizontally over the tissue,
with the edge obliquely inclined to the direction of movement, is most
useful. That designed by Thoma, and made by Jung of Heidelberg (fig.
463) is admirably constructed, and works with great accuracy. “In all cases
it is most important that the knife should be in perfect order. :

Adhesive methods of mounting.—Individual paraffin-cut sections or
ribands of sections, such as are eut with the rocking and other microtomes,
are fixed to a slide or cover-glass—preliminary to being treated with stains
and other fluids—in the following way :—The slide (or cover-glass), after
having been carefully cleaned, is smeared very thinly with fresh white of
ere: this can be done with the finger or with a clean rag, and put aside
to dry, protected from dust. (It is convenient to prepare a large number of
slides at a time in this way, and to keep them at hand in a suitable

Fii. 463, —=INCLINED FPLANE MICROTOME.

receptacle.)  When required for use a little water is poured on to the
slide and the riband of sections is placed on the water, which is then warmed
on a hot plate or over a small flame until the paraffin becomes flattened out,
without actually melting. The water is then drained off, the slide put in a
warm place for the remainder of the water to evaporate (this will take
from half an hour to an hour according to the size of the section and the
temperature at which it is kept), and then heated sufficiently to melt the
paraffin. It is next immersed in xylol to remove the paraffin, after which
the sections may, if already stained, be mounted at onee in xylol balsam ;
if not stained, treat, after xylol, first with absolute and then with gradually
lower grades of aleohol, then water, and then stain, and finally pass through
water, aleohol (in grades), and xylol, into xylol balsam. For many sections
zome of the grades of alecohol can be omitted, but it is always best to place in
50 p.c. between water and absolute alcohol.

A simpler method, but one which, in most cases, answers the purpose
perfectly well, is to place the riband or the individual sections cut from
paraflin on the surface of water in a basin, just sufficiently warm to flatten
out the paraffin, but not to melt it, then pass a perfectly clean slide under
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the surface of the water and float the sections on to it ; remove, drain off
the water, and put the slide and sections aside for one or more hours until
all the water has evaporated. The sections are found to have adhered
firmly to the slide (they may, if desired, be yet more firmly fixed by drawing
a brugh moistened with solution of celloidin in oil of cloves over them).
The paraftin can now be removed by washing the slide with xylol or
immersing it in xylol. If not previously stained they can then be passed
through aleohols and stained and mounted as just deseribed. It is con-
venient to keep the several solutions which are required in eylindrieal tubes
or grooved receptacles, in a regular row upon the working table, and transfer
the slide from one to the other in succession. Thus such a series wonld be
(1) xylol ; (2) absolute alcohol ; (3) 75 p.c. aleohol ; (4) 50 p.c. aleohol ; (5)
distilled water ; (6) hmmatoxylin staining solution; (7) tap water; (8)
distilled water; (9) 50 p.e. aleohol; (10) 75 p.c. aleohol; (11) absolute
aleohol (or methylated spirit) ; (12) xylol (or oil of cloves). The changes ean
also be effected by pouring the solutions over the sections and draining off,
but this is less satisfactory.

The following table shows the methods which may be adopted for the
treatment of paraffin-cut sections or ribands of sections :

1. Place on a slide or cover-glass in a drop of tap-water :
the glass may previously have been smeared with
egg-white : warm gently.

2, Drain off water and allow to dry completely.

3. Warm until paraffin is just melted.

4. Dissolve paraffin away with xylol.
If tissue is alrendy stained in bulk. l If tissue is not already stained.

Mount in xylol balsam. 5. Absolute aleohol,

6. Descending grades of aleohol.

-1

A Stain (e.g. heematoxylin).
For sections cut by the freczing |

or celloidin methods, if the
tissue has already been stained
in bulk, the sections need only
be put through alcoheol and

Water.

Ascending grades of aleohol.
|

xylol or bergamot oil, and then 10. Xylol or bergamot oil or
= mounted in xylol balsam. Ifit clove-oil.

has not already been stained, ; |

begin at No. 7. Mount in xylol balsain.

Staining of sections.—The fluids most commonly employed for the
staining of sections are :—(1) Solutions of heematoxylin and alum ; (2) solu-
tions of carmine with or without alum ; (3) certain aniline dyes. The time
of immersion in the staining fluid varies according to the strength of the
fluid and the mode by which the tizsue has been hardened. The necessity
of staining sections may be avoided if the tissue is stained in bulk before
embedding. For this purpose a piece of tissue is left to stain for 24 hours or
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more in a moderately diluted hematoxylin solution or in carmalum or borax
carmine, The excess of stain, if any, is removed from the sections upon
the slide (after they have been cleared of paraffin in the usual way by immer-
sion in xylol) by treating them with 50 p.c. alecohol containing 1 to 10 parts
per 1000 of hydrochloric acid. The sections are then thoroughly washed with
tap-water, dehydrated by alcohol, and passed through elove-oil or xylol into
xylol balsam. For some purposes (e.g. the study of ossifying cartilage) an
alcoholic solution of magenta is useful for staining in bulk; from this the
tissue goes direet into a small quantity of oil of cloves, and after being
soaked with this it is passed through xylol into molten paraffin. Sections
may also be stained whilst still infiltrated with paraffin by floating them on
to the surface of the staining solution, which may be gently warmed (but
not enough to melt the paraffin). They generally require far longer
exposure to the stain. The subsequent treatment is quite simple, for they
need only be transferred to water, floated on to a slide, allowed to dry,
and mounted in xylol balsam.

The following are some of the principal staining solutions and methods of
staining for special purposes :(—

1. Delafield’s heematoxylin.—To 150 cubic centimetres of a saturated solu-
tion of alum in water add 4 cubic centimetres of a saturated solution of hema-
toxylin in aleohol. Let the mixture stand 8 days, then decant, and add 25
cubic centimetres of glycerine, and 25 cubic centimetres of methylic alcohol.
The solution must stand a few dayvs before it is ready for use.

To stain sections add a few drops of this solution to a watch-glassful
of distilled water. If overstained the excess of colour can he removed by
aleohol containing 1 per cent. nitric or hydrochlorie acid. With long
keeping this solution becomes red instead of blue ; a trace of ammonia
will restore the blue colour.

2. Ehrlick's hematoxylin.—Dissolve 2 grammes heematoxylin in 100 cubie
centimetres alcohol ; add 100 cubic centimetres water, 100 cubic centimetres
~ glycerine, and 10 cubic centimetres glacial acetic acid : add alum to satura-
tion. This solution will keep almost indefinitely : it is valuable for staining
in bulk, as it does not easily overstain. For staining sections it is best to
dilute the solution either with distilled water or with 30 percent.alcohol, After
the sections have been stained they must be thoroughly washed with tap-
water, This develops the blue colour of the hematoxylin.

3. Kultschit:by's hematoxylin—Dissolve 1 gramme hematoxylin in a little
aleohol, and add to it 100 cubic centimetres of a 2 per cent. solution of acetic
acid. This solution is valuable for staining sections of the nervous system
(see Weigert-Pal process).

4. Hemalwm,—Hematoxylin-alum solutions acquire their colouring pro-
perties only as the hwsmatoxylin on keeping becomes converted into
hamatein.  The latter substance may, therefore, as recomménded by Mayer
be used advantageously in place of hamatoxylin if the stain is reguired
immediately. The following mode of preparing the solution way be
adopted :—Dissolve 50 grammes of ammonia alum in 1 litre of water, and 1
gramme of heematein in 100 c.c. of rectified spirit. Add the heematein solu-
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tion gradually to the alum. The mixture is ready for staining at once,
either as it is or diluted with distilled water. A small piece of thymol or a
little carbolic acid should be added to prevent the growth of moulds.

5. Eosin.—A 1 per cent. solution in water (or a saturated solution in 75
per cent. aleohol) may be used. This is rarely employed alone, but in con-
junction with heematoxylin forms a valuable ground stain. The sections are
first stained deeply with hematoxylin and rinsed with water. They are
then stained with the eosin solution, passed through 75 per cent. alcohol,
and then through strong spirit—which is allowed to dissolve ont some
but not all of the eosin stain—into clove-oil : they are finally mounted
in xylol balsam.

Eosin stains hemoglobin of an orange red colour; so that the blood
corpuscles are well shown by it when fixing fluids have been employed which
do not remove the hemoglobin from them (such as mercurie chloride and
bichromate of potash).

6. fi. Heidenhaiw's method.—After hardening in alcohol, or in saturated
solution of picric acid and then in alcohol, place the tissue from 12 to 14
hours in a § per cent. watery solution of lwematoxylin, and then from 12
to 24 hours more in a } per cent. solution of yellow chromate of potash,
Now place in aleohol, pass through xylol, and embed in parafiin,

7. M. Heidenhain’s method.—Harden in sublimate, followed by alcohol ;
fix sections to slide by water method ; treat with iodised aleohol ; transfer
to 25 per cent. solution of sulphate (or tartrate) of iron and ammonia and
leave 4 to 8 hours; rinse with distilled water; place in 05 per cent. pure
hsematoxylin in water from 12 to 18 hours and leave overnight; wash
with water ; differentiate in the iron and ammonia solution until nearly
decolorised ; wash for 15 minutes in tap-water ; dehydrate and mount in
the usual way. This method is especially adapted for exhibiting the
centrosomes of cells, It is also used for retiform tissue (p. 57).

8. Carmalum (Mayer).—Useful either for sections or bulk-staining. If
the sections are subsequently passed through aleohol containing picrie acid
in solution a double stain is produced.

Carminic acid, - . . . . . - 1 gramme.
Ammonia alum, - - W N . - 10 grammes.
Distilled water, - . - - - 2 - 200 c.c.

Baoil together, allow to cool and filter. Add thymol or a little carbolic acid
to prevent the growth of moulds.

9. Carminate of ammonia.—FPrepared by dissolving carmine in ammonia
and allowing the excess of ammonia to escape by slow evaporation. The
salt should be allowed to dry and be dissolved in water as required.

10. Pierie acid.—A saturated solution of picric acid in spirit may be used
as a second stain after hseematoxylin or carmine. Any excess of picric acid is
dissolved out by rinsing with strong spirit. This form of double stain is
valuable for exhibiting keratinised tissues and muscle fibres,

11. Piero-carminate of ammonia (picro-carmine, Ranvier).—To a saturated
solution of picric acid add a strong solution of carmine in ammonia, until a
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precipitate begins to form. - Evaporate on the water bath (or, better, allow
it to evaporate spontaneously) to one half its bulk; add a little earbolic
acid to prevent the growth of moulds ; filter from the sediment.

12. Bourne's picro-carmine—* Add § c.c. of ammonia to 2 grammes carmine
in a bottle capable of containing about 250 c.c. Stopper, shake, and put aside
till next day. Add slowly, shaking the while, 200 c.c. of a saturated solution
of picric acid in distilled water. Put aside till next day. Add slowly,
constantly stirring, 11 c.c. of 5 per cent. acetic acid. Put aside till next
day. Filter; to the filtrate add four drops of ammonia, put back in the
stoppered bottle " (Langley).

13. Borax-carmine.—Dissolve 4 grammes borax and 3 grammes carmine
in 100 cubie centimetres of warm water. After 3 days add 100 eubic
centimetres of 70 per cent. alcohol, let stand 2 days and filter, This solution
improves on keeping. It is useful for staining in bulk.

After staining with borax-carmine, the tissue shounld be placed in 70 per
cent. aleohol containing 5 drops of hydrochloric acid to 100 cubie centi-
metres,

14. Awniline dyes.—These are used either in aqueous solution (which may
contain 0°01 per cent. of caustic potash) or in water shaken up with aniline
oil, and it is usuval to overstain a tissue with them, and subsequently to
decolorise with absolute alcohol containing 1 its bulk of aniline oil (from
which the sections can pass directly into xylol) or with acid-aleohol (1 to
10 per 1000 hydrochloric acid) followed by absolute aleohol and this by
xylol.  Those most employed are the * basic” dyes—methyl-blue, methylene-
blue, gentian-violet, toluidin-blue, saffranin and vesuvin; and the “acid”
dyes—erythrosin, acid magenta or acid fuchsin, and orange G. A double
stain is obtained by combining eosin with methyl-blue or toluidin-Llue,
the sections being first stained for 10 minutes in 1 per cent. aqueous eosin
and then, after rinsing with water, for 20 minutes in 1 per cent. of the
blue solution, after which they are decolorised by absolute aleohol or absolute
alcohol and aniline oil. The decolorisation is arrested by xylol. A triple
stain may be got, by the Ehrlich-Biondi fluid, formed by mixing together
aqueous solution of orange G., acid-fuchsin, and methyl-green in certain
proportions.!

15. Magenta.—A 1 p.c. solution in 50 per cent. aleohol (to which 1 drop of
1 p.c. aleoholie solution of gentian-violet may be added per enbie centimetre),
is the best stain for connective tissue (see p. 57). For developing bone and
tooth and for lymphatic gland a 1 per cent. solution of magenta in 95 per cent.
alcohol may advantageously be used. The piece of tissue is left for several
days in the magenta solution and is then placed direct in a small quantity of
clove-oil for a few hours, after which it is transferred to xylol and embedded
in paraffin in the usual way.

16, Oreein.—Dissolve 1 gramme orcein in 100 e.c. absolute aleohol con-
taining 1 c.c. hydrochloric acid. Place the sections in some of this solution
in a watch-glass and warm slightly, allowing the fluid to nearly evaporate
to dryness. Dehydrate in alcohol, which removes the excess of stain ;

18¢e Course of Practical Histology, p. 23.
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pass through xylel into balsam. This stains especially the elastic
fibres.

17. Flemming's method for karyokinetic nuclei.—This is especially valuable
for staining cell-nuclei in mitosis. The tissue elements having been fixed by
picric acid, by sublimate, by dilute chromic and acetic acid, by Flemming’s
solution, or by Carnoy’s fluid, small shreds or thin sections are placed for 2
days in saturated aleoholic solution of saffranin, mixed with an egual amount
of aniline-water. They are then washed with distilled water and decolorised
in aniline alcohol or in aleohol containing 1 per 1000 hydrochloric acid until
the colour is washed out from everything except the nuclei. They are then
again rinsed in water and placed in saturated aqueous solution of gentian
violet for 2 hours, washed again in distilled water, decolorised with aniline
aleohol until enly the nuclei are left stained, then transferred to bergamot
oil or xylol, and from this are mounted in xylol balsam. Gentian violet
and several other aniline colours may be employed in place of saffranin from
the first. Delafield’s heematoxylin (followed by acid), or Ehrlich’s hematoxylin
also stain the mitotie figures well.

18. Marchi’s solution.—This is a mixture of Miiller's fluid (2 parts) with
1 per cent. osmic acid (1 part). It is of value for staining nerve-fibres in the
earlier stages of degeneration, before sclerosis sets in (especially a few days
after the establishment of a lesion). All the degenerated medullated fibres
are stained black, whilst the rest of the section remains almost unstained.
It is best to put thin pieces of the brain or cord to be investigated singly
into a large quantity of the solution (after previously hardening for 10 days
in Miiller's fluid), and to leave them in it for a week or more; but if
necessary sections can be stained ; in this case the process is more com-
plicated.! In either case they are fixed on a slide and mounted by the usual
process in xylol halsam.

19. Weigert-Pal method.—This method is chiefly used for the central
nervous system. By it all medullated nerve-fibres are stained dark, while
the grey matter and any sclerosed tracts of white matter are left uncoloured.
The following modification of the original method can be recommended :
Pieces which have been hardened in Miiller’s fluid and afterwards kept a
short time in aleohol (without washing in water) are embedded in
celloidin, and sections are cut as thin as possible. Or sections may be made
by the freezing method direct from Miiller's fluid, if the tissue is first
soaked in gum-water for a few hours. In either case they are placed in
water, and from this are transferred to Marchi's fluid (see above, § 18), in
which they are left for a few hours. They are then again washed in water
and transferred to Kulschitzky’s heematoxylin (see above, § 3). In this they
are left overnight, by which time they will be completely black. After
again washing in water they are ready to be bleached. This is accomplished
by Pal's methods as follows: Place the overstained sections, first in § per
cent. solution of potassic permanganate for five minutes ; rinse with water and
transfer to Pal’s solution (sulphite of soda 1 gramme, oxalic acid 1 gramme, dis-
tilled water 200 cubic centimetres), in which the actual bleaching takes place.

1 See Hamilton, Brain, 1897, p. 180.
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They are usually sufliciently differentiated in a few minutes : if not, they
can be left longer in the solution without detriment. If after half an hour
they are not differentiated enough, they must be put again (after washing)
into the permanganate for some minutes, and then again into Pal's solution.
After differentiation they are passed through water, aleohol (with or without
eosin), and oil of bergamot (or xylol), to be mounted in xylol balsam.
The advantages which this modification has over the original methods are
(1) the very finest medullated fibres are brought to view with great surety ;
(2) the staining of the fibres is jet black, and offers a strong contrast to the
colourless grey matter ; (3) the sections are easily seen and lifted out of
the acid hsematoxylin, which has very little colour ; (4) it is diffienlt to over-
bleach the sections ; (5) the stain is remarkably permanent.

As a modification of the above, Bolton recommends to harden with formol,
place the sections for a few minutes in 1 per cent. osmic acid, stain for
2 howrs in acid logwood at 40° C., and then proceed with the bleaching
process,

20. Staining with chloride of gold.—-a. Coknherm’s method.—Place the fresh
tissue for from 30 to 60 minutes in a § per cent. solution of chloride of
gold ; then wash and transfer to a large quantity of water faintly acidulated
with acetic acid. Keep for 2 or 3 days in the light in a warm place. This
answers very well for the cornea. If it be principally desired to stain the
nerve-fibrils within the epithelium, the cornea may be transferred after 24
hours (the outlines of the larger nerves should be just apparent to the naked
eye) to a mixture of glycerine (1 part) and water (2 parts), and left in this
for 24 hours more (Klein.)

B. Liiwit's method.—Place small pieces of the fresh tissue in a mixture of 1
part of formic acid to 2 to 4 parts of water for 4 to 1 minute ; then in 1 per
cent. chloride of gold solution for 10 to 15 minutes ; then back again into
the formie acid mixture for 24 hours, and into pure formic acid for 24 hours
more. After removal from the gold, and whilst in the acid, the tissue must
be kept in the dark.

v. Ranvier's method.—Immerse in lemon-juice for 5 to 10 minutes, then
wash with water and place in 1 per cent. gold chloride solution for 20 min-
utes. Then treat either as in Cohnheim’s or as in Liwit's method.

21. Staining with witrate of silver.—Wash the fresh tissue with distilled
water ; immerse in 4 to 1 per cent. nitrate of silver solution for from 1 to 5
minutes ; rinse with distilled water and expose to bright sunlight either
in water, 70 per cent. alcohol, or glyeerine. The tissue, which is generally
a thin membrane, may either be mounted in glycerine, or it may be
spread out flat in water on a slide, the water drained off, the tissue
allowed to dry completely, and then xylol balsam added. This method
is used to exhibit endothelium, and generally to stain intercellular sub-
stance.

22, Golgi's chromate of silver methods.—These are chiefly employed for
investigating the relations of cells and fibres in the central nervous system.
Two methods are mostly used, as follows :

a. Very small pieces of the tissue which has been hardened for some
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weeks in 3 p.c. bichromate of potash or Miiller's fluid are placed for half an
hour in the dark in 0°75 per cent. nitrate of silver solution, and are then
transferred for 24 hours or more to a fresh qoantity of the same solution
(to which a trace of formic acid may be added). They may then be
placed in 96 per cent. aleohol (half an hour), and sections, which need not
be thin, are cut either from celloidin with a mierotome or with the free
hand after embedding (but not soaking) with paraffin. The sections are
mounted in xylol balsam, which is allowed to dry on the slide : they must
not be covered with a cover-glass, but the balsam must remain exposed
to the air.

(3. Instead of being slowly hardened in bichromate, the tissue is placed
at once. in very small pieces in a mixture of bichromate and osmic (3 parts
of Miiller’s fluid to 1 of osmic acid). In this it remains from 1 to 8 days,
a piece being transferred each day to 0°75 per cent. silver nitrate. The
subsequent procedure is the same as described under a. For some organs
it is found advantageous to repeat the process, replacing them for a day or
two in the osmic-bichromate mixture after silver nitrate and then putting
them back into silver nitrate (Ramdn’s double method). This method is not
only more rapid, but is more sure in its results.

23. Ehrlick’'s methylene-blue method.—This method is one of great value
for exhibiting nerve-terminations, and in some cases the relations of nerve-
cells and fibres in the central nervous system. For its application the
tissue must be living : it is therefore best applied by injecting a solution
of methylene-blue (1 part to 100 of warm saline solution) into a vein in
an angesthetised mammal, until the whole blood is of a bluish colour; or
through the vessels of the part to be investigated, immediately after killing
an animal. But good results can also be obtained by immersing small
pieces of freshly-excised living tissue in a less concentrated solution (0°1 per
cent,), or, in the case of the central nervous system, by dusting the
methylene-blue powder over a freshly-cut surface, allowing some time for
it to penetrate, and then treating it with picrate of ammonia and Bethe's
solution (see below). In either case the tissue should be freely exposed
to air; the blue colour then appears in the nerve-cells and axis-cylinders,
even to their finest ramifications. It does not however remain, but after
a time fades from them while other tissues become coloured. To fix the
stain the tissue is taken at the moment that the nerve-fibres are most
distinctly seen and placed for an hour or two in saturated solution of picrate
of ammonia, after which the preparation can be mounted in glycerine
containing picrate of ammonia. But to allow of sections heing made from
it for mounting in balsam, it must, subsequently to the treatment with
picrate of ammonia, be placed for some hours in Bethe's fluid, viz. :

Molyhdate of ammonia, - - - - < 1 gramme,
Chromic acid 2 per cent. solution, - - = wll} c.c.
Distilled water, - - - - - - . - 10 c.c
Hydrochloric acid, - - - - - - - 1 drop.

This renders the colour insoluble in alechol.
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' INDEX.

ACH

AcHroMATIC spindle, 5, 31.
Achromatic substance, 6.

Adenoid tissue, 65.

Adipose tissue, 63.

Adrenals. See suprarenal eapsules.
Air-bubbles, 20.

Amaeba, 8.

Angioblasts, 164.

Aorta, struetore of, 156,

Appendix, 397, (See also Vermiform.)
Archoplasm, 5.

Areolar tissue, 58.

Arrector pili, 201.

Arteries, nerves of, 159.

— variation in structure of, 156

— and veins, smaller, structure of, 160.
Artery, structure of, 153.
Attraction particle, 5.

Attraction sphere, 5.

Auerbach, plexus of, 243.

Axon, 125,

BamramrcER, lines of, 344.

Basilar membrane, 392.

Basement membranes, 65.

Bechterew, nueleus of, 319, 326,

Bile-ducts, 254, 254,

Bladder, 271.

Blastoderm, 16.

Blood-corpuscles, action of reagents
upon, 33.

— coloured, 22, 20.

— colourless, 22, 26,

— -— ameboid phenomena of, 39.

— — granules of, 27.

— — migration from blood - vessels,
16G3.

— — varieties of, 28.

— development of, 29, 30.

— enumeration of, 24.

— of amphibia, 37.

— gtruetore of, 24, 33.

Blood-erystals, 35.

Blood-film, 22.

Blood-platelets, 25, 29.

Blood-vessels, development of, 30, 1654.

— structure of, 153, 158, 160.

Bone, 81.

— development of, 88.

— lacun® and canalieuli of, 82.

CER

Bone, lamell®: of, 32,

— marrow of, 85.

Bowman, glands of, 383.

— membrane of, 362.

Bronchi, 208.

Bronchial tubes, 209,

Brain. &See Cerebrom, Cerebellum,
Medulla oblongata, Mesenceph-
alon, Pons Varolii.

— divisions of, 308.

—- membranes of, 357.

Brunner, glands of, 246.

Burdach, tract of, 208.

Bundle. See Tract.

CarmLLariEs, 163,

— girculation in, 163.

Carotid gland, 184.

Cartilage, articular, 74.

— postal, T8.

— development of, 77.

— embryonic, T6.

— hyaline, 74.

— pssification of, 88,

— parenchymatous, 77.

— transitional, T5.

— varieties of, T3.

Cartilage-cells, 75.

— capsules of, T5.

Celloidin for embedding, 399.

Cells, division of, 3.

— — amitotic, 7.

— embryonie, 16.

— membrane of, (.

— nuecleus of, G,

— strocture of, 2.

Central fovea of retina, 377.

— tendon of diaphragm, 165.

Centrosome, 5.

Cerebellum, 335.

— peduncles of, 340.

— — superior, 327, 329, 340.
- — inferior (retiform body), 312,319,

540,

— — middle, 320, 340.

Cerebrom, 340.

— basal ganglia of, 351.

— portex of, 340.

— — structure of different parts, 344.

— peduncle of, 331.
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CHO

Choroid coat of eye, 365.
Chromatic substance, 6.
Chromatolysis, 133.
Chromie acid, 397.
Chromosomes, 9.

Ciliary action, theories of, 56.
— movement, 54.

— muscle, 367.

Clarke, column of, 304.
Clanstrom, 343.

Coceygeal gland, 184.
Cochlea, 389,

Cohnheim, areas of, 97.
Collaterals, 130.
Colostrum-corpuscles, 2092,
Comma tract, 299.
Conjunetiva, 859.
Connective-tissue, cells of, G0.
— — development of, 71.
— — fibres of, 59.

— — jelly-like, 66.

— tissues, 57.

Cornea, 362,

— nerve endings in, 148,

Corpora albicantia (mammillaria), 351.

— geniculata, 332, 384, B54.
— quadrigemina, 332.
Corpus luteum, 287.

— striatum, 351.

— subthalamicum, 355.
Corti, organ of, 303.
Cotton fibres, 21.
Cowper, glands of, 272,
Crusta, 330.

— petrosa, 217.

Cutis vera, 190.
Cytomitome, 3.

Derrens, cells of, 304.

— nueleus of, 319, 322, 826, 329,
— processes of, 125,
Dendrons, 125,

Dentine, 215.

Dentine, formation of, 291.
Deseemet, membrane of, 364.
Dilator pupille, 368,

Itobie, line of, 97.

Dioyére, eminence of, 152.
Dust, 21.

Ear, 383.
Ebner, glands of, 225.

Ehrlich’'s methylene-blue method, 409.

Elastie tissue, G8.

tleiden, 187, 190.
Embedding, methods of, 399.
Enamel, 214.

— formation of, 219.
End-bulbs, 189,
Endocardium, 206.
Endomysium, 99.

e —

GEN

Endonenrinm, 120,

Endoplasm, 4.

Endothelium, 45.

End-plates, 151.

Epicardium, 206.

Epidermis, 186,

Epididymis, 274, 277.

Epineurium, 119,

Epithelium, 43.

— ciliated, 46, 51. |

— classification of, 44.

— columnar, 46, 49.

— glandular, 46.

— nerve endings in, 146.

— pavement, 45.

— stratified, 45.

— transitional, 53.

Epitrichial layer, 188,

Erectile tissne, 241,

Erythroblasts, 86.

Erythrocytes. See Blood-corpuscles,
coloured.

Eustachian tube, 384.

Exoplasm, 4.

Eye, 361.

Eyelids, 350.

Eye-piece, 18.

Farroriax tubes, 280.

Fat, absorption of, 51, 249.

l"&t-(ﬁﬂl]ﬂ; ﬁﬂ.

Fat, in cartilage cells, 77, 78.

Fenestrated membrane, 155.

Fibres, elastic, 59, 68,

— white, of connective-tissue, 58.

Fibrils, in cells, 5.

— — columnar epithelinom, 50.

— — ciliated epithelium, 51.

— — muscle, 97.

— — nerve, 117.

— — cells of kidney, 266.

— — cells of salivary gland ducts, 230.

Fibrin, 22.

Fibro-eartilage, elastie, 78.

— white, 80.

Fibrous tissue, 8.

Fillet, 310, 317, 325, 330.

Flechsig, method of, 296.

— tract of, 301, 313, 319.

Flemming’s solution, 398.

Forel, decnssation of, 330. -

Formol, 897.

Freezing method for preparation of
sections, 400.

GALL-BLADDER, 259,
Ganglia, 121, 128,

— development of, 137.
Ganglion-cells, 125,
(3as-chamber, 54.
Gennari, line of, 544.
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GER

Germ nueclei, 14.

Gianuzzi, crescents of, 231.

Gland or glands, agminated, 246.

T N:IEL ﬂlﬁﬂu

. — carotid, 184,

— cernminous, 202, 383,

— classification of, 47.

— coceygeal, 184,

— dnetless, 48,

— gastrie, 235,

— haemal, 173.

— internally secreting, 485.

— laerymal, 361.

— lymphatie, 170.

— mammary, 291.

— Meibomian, 360.

— of Bowman, 3583.

— of Brunner, 240, 244,

— of Cowper, 272,

— of Ebner, 225,

— of Lieberkiihn, 245.

— of Littré, 272,

— Pacchionian, 857.

— pineal, 355.

— pituitary, 356.

— saccular, 47.

— salivary, 229.

— sebaceous, 201.

— gecreting, 46.

— solitary, 176, 246, 253.

— sweat, 201.

— thymus, 31, 174.

— tubular, 47.

(ilisson, capsule of, 255,

Glomeruli of kidney, 262.

— olfactory, 349.

Glyeogen in colourless blood-cor-
pusecles, 38,

— in liver cells, 254, 258,

Goblet-cells, 51.

Gold-methods, 408.

Golgi, organ of, 146.

— cells of, 339.

— method of preparing the nervous
system, 408,

— reticulum of, 124,

— types of nerve-cells, 130,

Goll, tract of, 298,

Gowers, tract of, 301, 327.

Graafian follicles, 285.

Grandry, corpuscles of, 142,

Granules of Fmtup]aam, 3.

— ﬂig ;ﬁlﬂur ess blood-corpuscles, 22,

Ground-substance of connective tissue,
2, 59.

Gudden, atrophy of, 134.

— bundle of, 330.

— commissure of, 334,

Gullet. See (Esophagus,

LIS

Gustatory cells, 226.
— pore, 226,

Hamar glands, 173.

Hematoidin, 36.

Hemin, 36.

Hemoglobin, 33.

Hsmolysis, 34.

Hair-{‘;illa of auditory organ, 387, 393,
a94.

Hair-follicle, structure of, 196.

Hairs, 21, 194.

— development of, 198,

- muscles of, 201.

Hassal, concentric corpuscles of, 175.

Haversian canals, 82,

— gystems, 82,

Hayeraft, views of, on musele structure,
3.

Heart, 204.

— valves of, 206.

Helweg, bundle of, 301.

Henle, fenestrated membrane of, 155.

— looped tubules of, 263.

— sheath of, 120.

Hensen, line of, 97.

Hepatic lobules, 255.

— cells, 257.

Herbst, corpuscles of, 144.

Hippocampus major, 347.

Histogenesis, 16.

Histology. meaning of term, 1.

Hyaloplasm, 3.

Hypophysis cerebri. See Pitnitary.

IxTESTINE, large, 251.

— small, 243.

Iris, BGS.

Iron in liver eells, 254, 258,

JeLry of Wharton, 72.

Kanvominesis, 7.

Kidney, 262.

— blood-vessels of, 267.
Krause, membrane of, 97, 102.

LavvrinTH of ear, 380.

— of kidney, 267.

Lacteals, 249,

Langerhans, islets of, 250.
— pentro-acinar cells of, 261,
Lanugo, 200.

Larynx, 208.

Liens, 380.
Leucocytes (see  Blood-corpuseles,
colourless).

— of marrow, 85.

— first appearance of, in thymus, 175.
Lieberkithn, erypts of, 245,

Linen fibres, 21.

Lissauer, bundle of, 302,
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opT

Optie tract, 334.

Optie thalamus, 334, 351, 353.
(Ossification in cartilage, 88,
— in membrane, 94.
Osteoblasts, 85, 88, 94,
Osteoclasts, 91.

Osteogenic fibres, 94.

Ovary, 283.

Ovam, 6. 14, 16, 285,

Pacrsiax corpuscles, 142,
Pancreas, 255,

Papille of tongue, 223,

— of skin, 190.

Paraplasm, 4.
Parathyroids, 184.

Penis, 272,

Pericardium, 206.
Perineariom, 119.
Periosteum, 85.

Peyer, patches of, 176, 246.
Phagoceytes, 27, 41, 173, 179.
Pharynx, 228,

Pineal gland, 8534.

Pituitary body, 355.

Pleura, 213.

Polar bodies or globules, 14,
Pons Varolii, 320.

Portal canal, 255.

Posterior longitudinal bundle, 319, 322,

325, 329.
Prickle-cells, 45.
Pronuneclei, 14.
FProstate, 272.
Protoplasm, 2.
Purkinje, cells of, 335.
— fibres of, 110, 206,

Raxvier, nodes of, 115.
Reissner, membrane of, 390.
Remak, fibres of, 118.
Restiform body, 312, 319, 340.
Retiform tissue, 57, (4.
Retina, 368.

— macula lutea of, 877.

— pars ciliaris of, 378.
Rolando, tuberele of, 310.

Rouleaux (of blood-corpusecles), cansa-

tion of, 35.

BaccuLe, BBT.
SBaline solution, 22, 397.
Salivary glands 2329,
—_ l:u uscles, 43

emma, 96.
Hnrcome:res 102,
Sarmpiasm, 97.
Sarcostyles, 97.
Sarcous elements, 102,
Schwann, sheath of, 113.
Selerotie coat of eye, 361.

TON

Sebaceous glands, 201.

Sections, preparation of, 400.

Semieirenlar canals, 387.

Seminiferons tubules, 275.

Serous membranes, 168,

Bertoli, cells of, 275.

Sharpey, fibres of, 84.

Sihler's method of staining nerve-
endings, 410.

Silver-methods, 407.

Skin, 186.

Spermatogenesis, 270,

Spermatozoa, 278,

Sphinecter, internal, 253.

— vesicm, 271.

— pupilla, 368,

Spinal bulb.  See Medulla oblongata.

Spinal cord, 293.

— — blood-vessels of, 307.

— — central canal of, 294, 305.

— — characters in different parts,
207. 307.

— — connection of nerve roots with,
S5,

— — membranes of, 293.

— — nerve-cells of, 302,

— — tracts in, 296.

Spleen, 177.

Spongioplasm, 3.

Btaining of sections, 403.

Starch granules, 19.

Stomach, 234.

— blood-vessels of, 240,

— glands of, 235.

— lymphatics of, 241,

Btomata, 169.

Stroma (of blood-corpuscle), 35.

Substantia nigra, 331.

Suprarenal capsule, 8, 181.

Sweat-glands, 201.

Synapse, 130.

Sylvian aqueduct, 328,

Synovial membrane, 77.

PR

TacriLe corpuscles, 139.
— disks, 148.
Taste-buds, 225,

Teeth, strueture of, 214.
— formation of, 217.

— pulp of, 216.
Tegmentum, 329, 355.

L]

~Teéndon, 70.

— nerve-endings in, 70, 145,

Tendon-cells, 69,

Testicle, 272,

Thymus gland, 31, 174.

Thyroid body, 183.

Tigsues, enumeration of, 1.

— formation from blastodermic layers,
16.

Tongue, 223,


















