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PREFACE.

Ta1s Book js 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 Textbook of
Histology, comprising all the essential facts of the science, but omit-
ting unimportant details, the discussion of which is only calculated to
confuse the learner. For a similar reason references to authorities
have also been omitted. Most of the illustrations are taken from the
second volume of Quain’s Anatomy, ninth edition, where their author-
ship will be found acknowledged. Of the remainder, those which
have been selected from other authors are duly indicated; the rest
have either been drawn expressly for this work, or have been trans-

ferred to it from the author’s * Course of Practical Histology.’

For conveniently accompanying the work of a class of medical
students, the book is divided into forty-two lessons. Eaeh of these
may be supposed to occupy a class from one to three hours, according
to the extent to which the preparations are made beforehand by the
teacher or are prepared during the lesson by the students. A few of
the preparations—e.g. some of those of the sense-organs—ecannot well
be made in & class, but it has been thought advisable not to injure the
completeness of the work by omitting mention of them.
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Only those methods are recommended upon which long experience
has proved that full dependence can be placed, but the directions given
are for the most part capable of easy verbal modification in accordance
with the ideas or experience of different teachers.

For other processes and more minute details than could suitably
be given here the student is referred to manuals which are devoted to
practical work, such as the ¢ Practical Physiology ' of Prof. Foster and
Mr. Langley, the ‘Practical Histology’' of Prof. Rutherford, the
¢ Textbook of Practical Histology ' of Prof. Stirling, and the author’s

¢ Course of Practical Histology.’
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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 struc-
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 frag-
ments, or when examined in thin slices (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.
[ Areolar
Fibrous
’ Elastic
2. Connective 4 Adipose
| Lymphoid
[Gartiluge
Bone
J Voluntary
8. Muscular - Involuntary or plain
LCardia,c
4. Nervous.

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

Tt is convenient to include such fluids as the blood and lymph
amongst the tissues, because they are studied in the same manner and
eontain cellular elements similar to those met with in some of the
other tigsues.

The elements which compose the tissues are of the nature either

' From Iﬂés; a web or texture.
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of fibres or cells. Some tissues are composed almost entirely of fibres
with relatively few cells interspersed amongst the fibres ; this is the
case with most of the connective tissues. Others are composed entirely
of cells, which, however, may in some cases be prolonged so as to form
fibres ; but these are different from the fibres of the connective tissues
in being formed directly from the cells of the tissue, whereas the fibres
of the connective tissues are formed between the cells in an intercellular
substance. Tissues which arc entirely composed of cells are the epithe-

«lial tissues, whilst neivous and muscular tissue are formed of cells
which are partly or wholly extended so as to form fibres.

Cells.—In the early embryo the whole body is an agglomeration
of cells. These are minute portions of living substance or protorlasm,
enclosing & vesicle which is known as the nucleus. The tissues are
subsequently formed either by changes which occur in the intercellular
substance, or by changes in the cells themselves ; frequently by both
these processos 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 protoplasm of a cell (fig. 1, p) is composed of a soft albuminous
gubstance, which is characterised in typical cells by possessing the
property of spontaneous movement. When the cell is unenclosed by a
membrane a change in the shape, or even in the position of the cell,
may be thereby produced (amceboid movement). e protoplasm
often contains granules of various kinds or droplets of watery fluid
(vacuoles) ; thelatter may be present in sufficient abundance to impart
a reticular or sponge-like structure to the protoplasm. In some cells
the protoplasm has a striated or fibrillar strueture.

The nuecleus of the cell (fig. 1, #) is a minute vesicle embedded in
the protoplasm. It is bounded by & membrane which encloses a clear

substance (nuclear matriz), and the whole of
this substance is generally pervaded by an
irregular network of fibres, some coarser,
others finer (intranuclear network, n'). This
intranuclear network often exhibits one or
more enlargements, which are known as
the nucleoli. The fibres within the nucleus
have been observed to undergo spontaneous

- changes of form and arrangement, but this

F16 1L—DtAGRAM OF A (ELL. hogomes much more evident when the cell
B e s wins, 16 about to divide. The division of the proto-
Puolear notwork, #, whaudnucleo- plagm jg always preceded by that of the
nucleus, and the intranuclear fibres undergo

during its division a series of remarkable changes in arrangement
and position, which are known collectively by the term kdryomitosis
(karyokinesis). These changes may best be studied in the division
of epithelium-cells (see Lesson VI.), but exactly similar phenomena
have been shown to occur in cells belonging to the other tissues, In
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some cages it may be observed that the filaments of the iutranuclear
network are made up of fine juxtaposed particles, arranged either in a
single or a double row.

All the embryonic cells are formed from the division of the ovum
or egg-cell, which divides first into two cells, these again into two, and
go on until a large number of cells (embryonie colls) are produced.
Eventually these resultant cells arrange themselves in the form of a
membrane (blastoderm) which is composed of three layers. These
fa.yers are known respectively as tho ectoderm or epiblast, the meso-
derm or mesoblast. and the entoderm or hypoblast. The ectoderm
gives rise to most of the epithelial tissues and the tissues of the nervous
system ; the entoderm to the epithelium of the alimentary canal
(except the mouth), and the glands in connection with it; and the
mesoderin to the connective and muscular tissues.

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

The opithelium of the skin or epidermus, and its appondages,
viz., the hairs, nails, sebaceous and sweat glands.

The emthelium of the mouth, and of the salivary and other
glands which open into tho mouth. The enumel of the
teeth. The gustatory organs.

The epithelium of the nasal passages, and the cavities and glands

or ~ which open into them. .

Epiblast The epithelium covering the front of the eye. The crystalline

lens. Tho retina.

The epithelium lining the membranous lahyrinth of the ear.

'The epithelium lining the central eanal of the spmal cord and
the fourth, third, and lateral ventricles of the brain.

The tissues of the nervous system.

(The pituitary body. The pineal gland.

(The connectivo tissues.

The blood and lymph corpuseles.

The epithelial lining of the heart, blood-vessels, lymphatics, and
serous membranes. '

Mesoderm | The epithelium of the uriniferous tubules (in part).
or 4 The epithelium of the generative organs, and the generative pro-

Mesoblast ducts in both sexes.

The muscular tissues, voluntary, involuntary and eardiae (except
the muscular fibres of the sweat glands, which are epiblastic

Ectoderm

In origin).

{The spleen and other lymphatic and vascular glands.

Tho epithelium of the alimentary canal (fromn the pharynx to
the lower ond of the rectum) and all the glands which open
into it (including the liver and pancreas).

The epithelinm of the Eustachian tube and cavity of the tym.

Entoderm panum,
or  +Tho epithelium of the laryns, traches, and bronchi, and of all
Hypoblast their ramnifications. The epithelium of the pulmonary

alveoli.,
The epithelium of the thyroid body. Part of the thymus gland.
The epithelium of the urinary bladder and ureters, and of part
of the uriniferous tubules.




THE ESSENTIALS OF HISTOLOGY

LESSON I

USE OF THE MICROSCOPE. EXAMINATION OF
COMMON OBJECTS.

€

i&

Tae requisites for practical Histology
are a good compound microscope mag-
nifying from about 50 to 400 linear; slips
of glass technically known as ‘slides,’
upon which the preparations are made;
small pieces of thin glass used as covers
for the preparations; a few simple instru-
ments, such as a razor, a scalpel, scissors,
tine-pointed forceps, and needles mounted
in wooden handles; and a set of fluid re-
agents for mounting and staining micro-
scopic preparations.’ A sketch-book and
pencil are also requisite, and must be con-
stantly employed.

Examine the microse \ge (fig. 2). It
consists of a tube (¢ t) ha thg two systems
of lensos, one at the upper end termed
the ¢ eye-piece’ or ¢ ocular’ (oc), tho other,
at the lower end, termed the ¢ objective’
(obg). There should be at least two
objectives - a low power, working at about
4 meh from the o}f)_]ect, and a Ingh power,
having a focal distanco of about } inch.
The focus is obtained by cautiously bring-
ing the tube and lensos 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 1s always a
tinely cut screw (adj’).

The stago (st) upon which the prepa-
rations are placed for examination, the
mirror (m) which serves to reflect the light
up through the central aperture in the
stage and along tho tube of the instrument,
and the diaphragin (d) below the stage
which serves to regulate the amount of
light thus thrown up, are all parts the
employment of which is readily under-
stood.

It is convenient to begin the study of

Fig. 2—D1aGRAM OF MICRUSCOPE. higtology by the examination of the blood,

! The direetions for making the princip;l fluids used in histological work will

be found in the Appendix.
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but before doing this 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 objeets which are Liable to occur accidentally in microscopic
specimens. On this account it has been considered desuable to introduce

F1a. 8~0ORGANIC MATIIRS 1RIQUKENILY IRFSINT IN DUSt. (lleiizmann.)

8, fibres of silk; €, of cotton ; Z, of linen, W, of wool, I, feathur, &, starch granules, (7
oork , 0, spores of mildcw, M, mycelinm or threads of mildew, Me, microcoucr, B, bac-
terin; L, leptothiix fllaments (500 dismeters).

directions for the examination of starch-granules, air-bubbles, linen, cotton,
and woollen fibres, and the usual constituents of the dust of a room, mnto the
first practical leszon.
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1. Examination of stareh.granules. Gently scrape the cut surface of a
potato with the point of & knife ; shake the starch.granules so obtained into
a drop of water upon a clean slide and apply & cover-glass.

ith the low power the starch-granules look like dark specks differing
considerably in size; under the high power they are clear, flat, ovoid particles
(ig. 8, 8t), with a sharp outline when exactly focussed. Notice the cgange in
appearance of the outline as the microscope is focussed up or down. On close
examination fine concentric lines are to be seen in the granules arranged
around a minute spot which is generally placed eccentrically near the smaller
end of the granule. Sketgh 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.

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

nd.

8. Mount two or threc hairs from the head in water and look at thom,
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.

4, Examine somo dust of the room in water with a high power. In
addition to numerous groups of black particles of carbon (soot) thero will
probably be seen fibres of linen, cotton, or wool, and sh¥ ‘ epithelium-cells
derived from the epidermis.

5. Prepare a scale to serve for measuring objects under the mieroscope. To
do this put a stage-micrometer (which is a glass slide ruled in the centre, with
the lines .5 and ;}; millimeter apart) under the microscope in such a manner
that the Iines 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 after-
wards make a scale of lines in ink the same interval apart. A magnifiod repre-
sentation 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
farther 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, and its size in F, or 53; of a milhmeter can be read off. It is
important that the same objective and eye-piece should be emﬁloyed a8 were
used in making the scale, and that the microscope tube should be of the samo

leagth.



LESSON II.
y STUDY OF THE HUMAN BLOOD.GORPUSCLES.

1. Havive cleaned a slide and cover-glass, prick the finger and mount a
small drop of bloed quickly, so that it has time neither to dry nor to coagulate.
Examine it at once with the high power.

_ Note (a) the coloured corpuscles, mostly in rouleaux and clumps, but some
lying aﬁart seen flat or in profile; (b) the colourless corpuscles, casily made
out 1f the cover-glass is touched by a needle, on account of their tendency to
stick to the glass, whilst the coloured curpuscles are driven past by the cur-
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 ficld 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 0°6 per cent salt solution, so that the red corpuscles
tend to be less massed together, and their pecuhar shape is botter 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 corpuscle.

8. Make a preparation of blood as in § 1 and put it on one side to coagu-
late. After fifteen mmnutes allow a drop of a solution of borax-carmine' to
run under the cover-glass. 'This decolorires the red corpuscles, but staine
the nuclei of the white corpuscles and brings the network of fibrin filaments
and the elementary particles clearly into view (fig. 7). After a drop of gly-
cerine has been allowed to diffuse into the fluid the cover-glass may bo
cemented with gold-size and the preparation labelled and kept,

4, Enumeration of the blood-corpuscles. This is readily effected by the
hemacytometer of Gowers. This instrument consists of a glass slido (fig. 4, ¢),
the centre of which is ruled into % nullimeter squares and surrounded by a
glass ring ! mm. thick. Tt is provided with measuring pipettes (4 and B), &
vessel (p) for mixing the blood with a saline solution (sulphate of soda of sp.
gr. 1015), glass stirrer (&) and guarded needle (¥).

¢ The mode of proceeding is extremely simple. 995 cubic millimeters of
the galine solution are placed in the mixing jar; 5 cubic millimeters of blood
are then drawn from a puncture in the finger and blown into the solution.
The two fluids are well mixed by the stirrer and a small drop of this dilution is
placed in the centre of the cell, the cover-glass gently laid on (so as to touch
the drop, which thus forms a layer ! mm. thick between tho slide and cover-
glass) and pressed down by two brass springs. In a few minutes the cor-

uscles have sunk to the bottom of the layer of fluid and rest on the squares.
he number in ten squares is then counted, and this, multiplied by 10,00y
gives the number in a cubic millimeter of blood.’

1 See Appendix.
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HAWKSLEY
T - lemwen

¥ic 5 —IItMAN B10OOD AS 8KIN ON 1Hk WARM Fic 6 —HuMAN RFD (ORPUS-

STAGE. (Magumhed about 1 200 d1meters.) (T K¥Y IYING SINGLY AND (0L~

¢, 7, single red corpuscles se(n lyng flat, 7/, 7/, red cor 1LCI¥D INTOROLLS (Asseen

puscles on thelr edge and viewed m proflle, /! wd under an ordinary hish power
corpuscles arranged 1n youlcaux, ¢, ¢, crenatcred cor of the microscope )

puscles, p, a finely granular pole corpuscle ¢, &
coarsely granular pale corpuscle Both have two or
three distinot vacuoles, and were undergoing changes
of shapeat the moment of observation , in g, anucleus
also is visib ¢
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The coloured blood-corpuscles.—Under the microscope the blood is
seen to consist of a clear fluid (plasma), in which are suspended the blood-
corpuscles (fig. 5). The latter are of two kinds: the red or coloured
(7, '), which are by far the most numerous, and the whate, pale, or
colourless (p, g), which from their occurrence in the lymph are also
known as lymph-corpuscles. 'When seen singly the coloured corpuscles
are not distinctly red, but appear of a reddish-yellow tinge. In the
dlood of man and of all other mammals, except the Camelide, they
are biconcave circular disks. Their central pirt usually has a slightly
shaded aspect, under the ordinary high power (fig. 6, 1), but this is due
to their biconcave shape, not to the presence of a nuclous. They have
a strong tendency to become aggregatoed into rouleanx 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 evapo-
ration, many of the red corpuscles become shrunken or crenated (¢).

The average diametor of the human red corpuscles is 0°077 milli-
meter (about )}, inch).!

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

The colourless corpuscles of human blood are a little larger than
the coloured, measuring 0:01 mm. (,],; inch) in diameter. They
are far fewer, numbering not more than ten thousand in a cubic
millimeter.  Morcover they are

specifically lighter, and tend to < f;‘/\ NN Moo
come to the surface of the prepara- A v,\f"(,\‘\ \1‘ 7,7
. . Y, " - o<
tion. If examined soon after the DAY 5% 4
. A A
blood is drawn, they are usually =
spheroidal in shape, but they soon
become irregular (fig. 5, p, g), and m
their outline continually altcrs, B OQ \é‘)\gf;f\'
owing to the ameba-like changes Y R 7 ° \"j{;%
of form to which they are subject. i AR

Some of the colourless corpuscles

F16. 7.—FIBRIN I'TLAMLNIS AND BLOOD-
are very palg and finely granular, el
others conta,m coarser &Yld moreA, network of fibrin, shown after washing anay
distinet granules in their proto- the¢opusclesiioma preparntion of blood that

n has been allowed to elot , many of the filaments
plasm. The protopla.sm may alg0 ruliste from wnall clumps ot blood-tablets,

contain clear spaces or vacuoles, ¢ zéfﬁ?u'ggfésrgr]t’,lﬁ»oo?f.‘e‘f.'xmi,]i&é‘rﬁﬁ ol
and a reticular structure is doscribed v

in it by some histologists. Kach pale corpuscle has one or more
nuclei, which are difficult to see without the aid of reagents.

In the clear fluid in which the corpuscles are suspended, a network
of fine straight intercrossing filaments (fibrin) soon makes its ap-
pearance (fig. 7). There are also to be seen a certain number of

' The following list gives the diameter in paits of a nullimeter of the red blood-
corpuscles of some of the common domestic anunals ;—Dog, 0:0073 ; rabbit, 00069 ;
cat, 00065 ; sheep, 0-0050; goat, 0-0041.
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minute round colourless discoid particles, either separate or collected
into groups or inasses, which may be of considerable size. Thess are
the elementary particles or blood-tablets. Their meaning is not known,
Faity particles may also occur in the plasma.

Development of blood-corpuscles.—In the embryo, the first-formed
coloured blood-corpuscles are amewboid nucleated cells, the protoplasm

F1¢. 8.—DEVELOPMLNT OF BLOOD-VESSELS AND BLOUD-CORPUSCLES IN THE VASCULAR
AREA Ol THE GUIANFA-PIG,

bl, b’ood-corpusc'es becoming free in the interior of a nucleated prm.\ﬁ:lnsmlo mass,

of which contains hsemoglobin. These cmbryonic blood-corpuscles
are developed within cells of the mesoderm, which unite with one
another so as to form a protoplasmic network (fig. 8). The nuclei
then multiply, and around some of them there occurs an aggregation
of coloured protoplasm. Next the branched cells become hollowed

F16. 8.—BLOOD CORPUSCLES DEVELOPING WITHIN CONNECTIVE-TISSUE CKLLS,

A, a cell containing diffused heemoglobin; A/, globular masses of coloured substance in the
p;'ott)ollalum, within which also are numerous vacuoles; 4/, & cell filled with coloured
globules,

out by an accumulation of fluid in their protoplasm so as to form a
network of blood-vessels, and then the coloured nucleated portions
of protoplasm are set free within them as the embryonic blood-
corpuscles (fig. 8, bl).
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_ In later embryonie life, and after birth, nucleated coloured cor-
puscles are no longer present in mammalian blood, but are replaced
by the usual discoid corpuscles. These are formed within certain cells
of the connective tissue, a portion of the protoplasm of the cell becom-
ing coloured by hemoglobin, and separated into globular particles
(fig. 9, k, ¥, h""), which are gradually moulded into disk-shaped red
corpuscles. In the meantime the cells become hollowed out, and join
vith similar neighbouring cells to form blood-vessels (fig. 10, a, b, ¢).
The process is therefore the same as beforo, eXeept that the cell-nuclei
do not participate in it.

e oed

ﬁ.{i) S
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X
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F1¢. 10 ~FURTHLE DEVELOPMENT OF BLOOD-CORPUSCLES IN CONNECTIVE-T1S8UE CRLLS,
AND TRANSFORMATION OF THE LATTER IN10 CAPILLARY BLOOD-VLSSELS,

a, an clongated cell with a cavity in its protoplasm oceupied by tlmad and by b ood-corpus-
cles mostly globular; b, a hollow cell the nucleus of which has muitip d. The new
nuclei are arranged around the wall of the cavity, the corpuscles i which have now
become discoid ; ¢ shows the mode of union of & ‘hemapoictic® cell, which 1n this ine
stance contains only one corpuscle, with the prolongation (bl) of & previously existing
vessel, @, and ¢, from the new-born rat ; b, frow a feetal sheep.

Although no nucleated coloured corpuscles are to be seen in the
blood in post-embryonic life, they continue to be found in the marrow
of the bones (see Lesson XIIL.), and it is thought probable that the
red disks may be formed in some way from these. Others have sup-
posed that the red disks are derived from the white corpuscles of the
blood end lymph, and others again that they are developed from the
blood-tablets ; but the evidence in favour of these views is insufficient.

The white blood-corpuscles and lymph-corpuscles occur originally
as free unaltered embryonic cells, which have found their way into the
vessels from the circumjacent tissues. Later they become formed in
lymphatic glands and other organs composed of lymphoid tissue, and
pass from these directly into the lymphatics and so into the blood.



12 THE ESSENTIALS OF HISTOLOGY

LESSON III.

ACTION OF REAGENTS UPON THE HUMAN BLOOD-
CORPUSCLES.

1. Make a preparation of blood as in Lesson II. 1, and apply a drop of
water at one edge of the cover-glass. Kxamine 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 (0-2 per cent.
potash in salt solution) instead of water. Notice the complete solution first
of the white and then of tho coloured corpuscles as the alkali reaches them.

8. Repeat on another preparation, using diluto acetic acid (1 per cent.).

Observe tli’mt the effect of the acid upon the coloured corpuscles 1s 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 n preparation of blood mixed with salt solution as in Lesson IT. 2,
and investigate the action of tannic acid (2 per cent. solu ign) in the same
way.

Bketch two or three coloured corpuscles aficr the action is complete.

The action of reagents upon the human red blood-corpuscles shows
that, although to all appearance homogeneous, they in reality consist
of an intimate intermixture of the colour-

e b e d e ing matter or hemoglobin with certain
a ” 9 Q© (O  other substances (globulin, lecithin, cho
lesterin), which are left as the colourless

stroma, on dissolving out the hsmo-

4 & 14 O globin, or on causing its discharge by

‘ any means from thé corpuscle. This

Fia. 11, soparation of the hemoglobin from the
a-:i«ﬁ(;;;s\::m ?ﬁfgﬁeﬁ o‘i“:f{ui‘,‘o“.}"o‘l stroma can be effected by water (fig. 11,
salt; g, effect of tanmo nord, a-¢) and also by dilute acids, by the
action of heat (60° C.), the freezing and thawing of blood, the vapour
of chloroform, and the passage.of electric shocks through blood.!

! In the blood of some animals crystals of hmmoglobin readily form after
its separation by any of these means from the red corpuscles. These crys-
tals are rhom!iic prisms in most animals, but tetrahedra in the guinea-pig, and
hexagonal plates in the squirrel. They are most appropriately studied along
with the chemical and physical properties of blood, and are therefore omitted
here, The same remark applies to the minute dark-brown rhombic crystals
(k@min), which are formed when dried blood is heated with glacial acetic acid,
and to the reddish-yellow crystals of hematoidin, which are found in old blood
extravasations,
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The mixing of human blood with the blood or serum of various animals
also has a similar action, probably owing to differences of density or
alkalinity. Tannic acid produces a peculiar effect (fig. 11, g); the
hmmoglobin is discharged from the stroma, but is immediately altered
and precipitated, remaining adherent to the stroma in the form of a
round or irregular globule of a brownish tinge (hematin).

The structure of the colourless corpuscles is also brought out by
the action of these reagents. As the water reaches them their amem-
boid movements cease; they become swollen &ut into a globular form
by imbibition of fluid (fig. 12, 1), and the granules within the proto-

F10. 12,

1, first effect of the action of water uponu white blood corpuscle; 2, 3, white corpmscles
treated with dilute acetic acid ; n, nuclens,

plasm can be seen to be in active Brownian motion. Their nuclei
also become clear and globular, and are more conspicuous than before.
With the further action of the water, the corpusele bursts and the
granules are set free.

Acids have an entirely different action upon the white corpuseles,
Their nuclei become somewhat shrunken and very distinet (fig. 12,
2 and 3), and a granular precipitate is formed in the protoplasm around
the nucleus. At the same time, a part of the protoplasm generally
swells out so as to form a clear bleb-like expansion (an appearance
which often accompanies the death of the corpuscle from other
causes).
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LESSON IV.
STUDY OF THE BLOOD-CORPUSCLES OF AMPHIBIA.

Y L]
1. Mount a drop of newt’s blood obtained from the cut end of the tail.
Examine with the high power. Notice tho shape of the coloured corpuscles,
both when seen flat and edgeways, and the nucleus within each.

Mensure ten corpusclos, and fromn the rosults obtain the average dimen-
sions of the nowt's {vlood-corpusclo.

Notice also the colourless corpuscles, smallor than the red, but consider-
ably larger than tho pale corpuscles of human blood, although otherwise re-
sembling these.

Sketeh two or three red corpuscles and as many white.

Be careful not to nustako the liberated nucloi of crushed red corpuscles
for pale corpuscles.

inormous cells and nuclei belonging to the cutancous glands as well as
the granular seeretion of thoso glands may be present in this preparation.

2. Apply a drop of wator to the edge of the cover-glass of the same pre-
paration and notice its action u})on the corpuscles.
Bketch two or threc corpuscles altered by the action of ﬂ‘w.wator.

8. Mount another drop of blood, and a.pi)ly dilute acetic acid (1 per cent.)
instond of water at the edge of the cover-glass. Muke skotches showing the
effect of the acid upon both rod and white corpuscles.

4, Fxamine the corpuscles of newt’s blood which has been allowed to
flow into boracic acid solution (2 per cont.). Notice the effect produccd upon
the coloured corpuscles. Sketch one or two.

The coloured blood-corpuscles of amphibia (fig. 18), as well asof most
vertebrates below mammals, are biconvex elliptical disks, considerably
larger than the biconcave circular disks of mammals.! In addition to
the coloured body of the corpuscle, which consists, as in mammals, of
hmmoglobin and stroma, there is a colourless nuclens, also of an ellip-
tical 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 by a membrane, and having a network of
filaments traversing its interior (fig. 14). It is not very distinet in
the unaltered corpuscle, but is brought clearly into view by the action

! The following arc the dimensions in parts of a millimeter of some of the
ocorpuscles of oviparous vertebrates: —

Long diameter bhart diameter
Pigeon . . . . 00147 00065
F¥rog . . . . . 00223 0-0157
Newt . . . . . 00293 00195
Proteus . . . . 0058 0035

Amphiuma <. . 0077 0-046
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of reagents, especially acetic acid. The action of reagents upon the
red corpuscle of amphibia is otherwise similar to that produced upon
the mammalian corpuscle, water and acetic acid causing it to swell
into a globular form and then to become decolorised ; solution of salt
causing a shrinking of the corpuscle, and 8o on. Boracic acid acts
like tannic acid in causing the hsmoglobin to be withdrawn from the
stroma; but it becomes partially or wholly collected around the
gpucleus, which may then be extraded from the corpuscle.

> a‘

Fic. 14, —CoLOURED

CORPUR( I} OF NA-
LAMANDER, SHOW-
ING INTRANUCT RAR
NFIWORK.  (Klem-
ming.)

Fia. 13.—Frou’s Broon. (Ranvier.)

a, red corpuscle seen on the fiat; v, vacnoles in n cor
puscle, b, ¢ red corpuscles in profile; n, pale cor
puscle at rest; m, pale corpuscle, exhibiting ammboud
movements , p, coloured fusiform corpuscle,

The colourless corpuscles (fig. 18, %, m, n), although larger, are
very similar to those of mammals. Like them, they are of two kinds
—either wholly pale or enclosing a number of dark granules. They
vary much in size and in the activity of their amceboid movements.
They may have one or several nuelei. Reagents have the same effect
upon them as on those of mammals.
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LESSON V.

THE AM@EBOID 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 o1l around the edge of the cover-glass to check
evaporation. Place tho preparation upon a ‘ warm stage,” and heat this to
about the temperature of the body (88> C). Bring a white corpuscle under
observation with the high power, and watch the changes of shape which it
undergoes. T'o become convinced 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 ® is a thin copper plate of about the size
of an ordinary shde, perforated in the centre and with along tongue of the same
metal projecting from the middle of one edge (fig. 15). The copper plate is
firmly cemented with sealing-wax to a glass shde which rests upon the stage

F1a. 15.—~SIMPLL WARMING APPARATUS, ( OMPLLTL, SHOWN IN OPKRATION,

of the microscope. The preparation, which should be made upon a rather
thin slip of glass, is pnt on to the warm stuge and pressed into contact with
it by the brass clips. Heat is applied to the copper tongue by a small spirit-
lamp flame, and a greater or less amount is conducted to the warm stage
and the superjacent preparation according to the point to which the flame is
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applied. To ascertain that the right tem}gemtute is got and maintained, put
two of paraflin, one malting at 85° C. (95° F.) and another at 88° C.
(100° F.), on the slide, one on either side of the preparation. The tempera-
ture must be such that the first piece is molted and remains so whilst the
second remains solid.!

2. Mount & drop of newt’s blood diluted with an equal amount of salt
solution, and examine it in the same manner upon the copper stage; the
temperature must, however, be kept below 80° C. Observe the effect of heat
ig sccelerating the amceboid movements of the pale corpuscles. Sketeh one
at intervals of a minute (a) in the cold, (b) whilst Warmed.

. 8. Examine some yeast which has been mixed with salt solution. Observe
the yeast-cells or torule, some of them budding. Sketch two or three.

Now mix a little of the yeast and salt solution with a fresh drop of newt's
blood, oiling the edge of the cover-glass as before. Endeavour to observe the
inception of torule by the white corpuscles. Sketch one or two corpuscles

containin %tomlse.

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

4. At the commencement of the lesson collect a drop of newt’s blood into
a fine capillary tube, seal the ends of the tube, and mount it in a drop of oil
of cloves. Towards the end of the lesson examine it again to see white cor-
puscles emigrating from the shrunken clot (see fig. 16).

F16. 16,~WHITE CORPUSCLES OF FROG'S BLOOD MIGRATED FROM
CLOT WITHIN A CAPILLARY TUBE.

.} For exact work, an apparatus somewhat more complex than the above is re-
“Quired. For description of such & onesee 4 Course of Practical Histology, pp. 23,28,



18 THE ESBENTIALS OF HISTOLOGY

The smeboid phenomena which are exhibited by the protoplasm of
the colourless blood-corpuscles consist, in the first place, of spontaneous
changes of form, which when active may also produce chenges in place
or actual locomotion (migration) of the corpuscle ; and, secondly, of &
tendency which it presents to enwrap and take into its substance
foreign particles with which it may come in contact, and particles thus
incepted may then be conveyed by the corpuscle in its locomotory
oh&nges from one placgto another.

1t is probable that particles of organic matter which are taken up
by the pale corpuscles 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.

The migration of the colourless corpuscles from the blood-vessels
into the surrounding tissue, or from a blood-clot into the surrounding
serum (fig. 16), is owing to these amaeeboid properties.

The conditions which are most favourable to this ameeboid activity
of the white corpuscles are (1) the natural slightly alkaline medium,
guch ag plasma, serum, or lymph, or, failing these, normal saline
solution ; (2) the prevention of desiccation. Any increase of density
of the medium produces a diminution of amaeboid activity, whilst, on
the other hand, a slight decrease in its density has the opporite effect ;
(8) & certain temperature. In warm-blooded animal§ fhe phenomena
cease below about 10° C. When gradually warmed they become more
and more active up to a certain point, the maximum being a few
degrees above the natural temperature of the blood. Above this point
they become spheroidal and their protoplasm is coagulated and killed.
Acids at once kill the corpuscles and stop the movements. Narcotic
gases and vapours, such as carbonic acid gas or chloroform vapour,
also arrest the movement, but it recommences after a time if their
action is discontinued.
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LESSON VI
. EPITHELIUM. o

1. MouNT a drop of saliva and examine first with a low, afterwards with the
high power. Observe the nucleated epithelium-cells, some single, and others
still adhering together by overlapping edges. Measure three or four, and also
their nuclei. 8ketch one or two on the flat and one edgeways. Notice the
salivary corpuscles, which are like white blood-corpuscles swollen out by
imbibition of water.

2. Put a small shred of human epidermis into a drop of strong caustic
potash solution for one or two minutes. Then break it up in water with
needles, cover and examine. Observe the now isolated swollen cells.
Measure some.

8. Study the arrangement of the cells in a section through some stratified
epithelium, such as that of the mouth, skin, or cornea. The section may be
repared beforehand by the demonstrator ; it should be mounted in Canada
alsam.! 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 epithelium-cells and their nuclei, both
at rest and dividing, in the tail of the salamander-tadpole.> This preparation
may also advantageously be prepared beforehand by the demonstrator.

The preparation is made as follows: The tail is placed in chromic acid
solution (01 per cent.) for three days, then thoroughly washed for some hours
in water to remove the excess of the acid, then placed in dilute hsematoxylin
solution for twenty-four hours, or in 1 p. c. safranin solution for a similar
time. After having been again rinsed in water it is rapidly dehydrated
in absolute alcohol, then transferred to spirits of turpentine, and finally
mounted in Canada ba.lsa.mi]

Sketch an epithelium-cell with resting nucleus, and others with nuclei in
different phases of karyotnitosis.

An Epithelium is a tissuc composed entirely of cells separated by a
very small amount of intercellular substance (cement substance), and
generally arranged so as to form a membrane covering either an ex-
ternal or an internal free surface.

The structure of epithelium-cells, and the changes which they
undergo in cell-division, are best seen in the epidermis of the tail of
the salamander-tadpole, in which the cells and nuclei are much larger
than in mammals.

! The i i iven in the Appendix.

b &?::h&igpgegrip;n:gtsiﬁ:;:m %ixvee nstructure 11)111): be studied in the

idermis of the newt, prepared as recommended in Lesson VIL § 1 for the study
of columnar epithelium, and also in sections stained with hematoxylin,
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'

B

Btruoture of the oells.—Each cell consists of protoplasm containing
o wucleus. The protoplasm may be either clear or granular, or it may
-bave & reticulated appearance. In some kinds of epithelium. i is
‘strigted. The nucleus is & round or oval vesicle lying in the proto-
plasm. Usually there is only one, but there may be two or more in &
cell, In the resting condition (i.e. when not undergoing division) the
nuecleus is composed of & membrane enclosing a clear substance, which
is traversed by a netwogk of filaments (fig. 17, @). There may be one

F16, 17.~EPITHELIUM-CELLS OF SALAMANDER LARVA IN DIFFERENT PHASES
OF DIVISION,

-

or more globular enlargements (nucleolt) on this network. The nucleus
is stained more easily by dyes than the protoplasm; this staining
affeots chiefly the nucleoli, nuclear filaments, and membrane.
Division of the cells.—The division of a cell is preceded by the
division of its nuclens. This, in dividing, passes through a series of
“ remarkable changes (fig. 17), which may thus be briefly: summariged :—
» .1, The network of filaments of the resting nucleus becomes trans-
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formed into & sort of skein, formed apparently of one long convoluted
filament ; the nuclear membrane and the nucleoli disappear or are
merged into the skein (fig. 17, b, ¢, d).

2. The skein becomes arranged in the form of a rosette, the fila-
ments looping in and out, to and from the centre (¢).

8. The outer loops of the rosette separate, so that the filament
breaks into a number of V.shaped fibres arranged like a star (aster,

rg h') -
d 94. The V-shaped fibres separate into two groups, the ends of which
for a time are interlocked (7, 7, k).

5. The two groups pass to the opposite poles of the now elongated
nucleus and formn a star-shaped figure () at each pole (dyaster). Each
of the stars represents a daughter nucleus.

6, 7, 8. Each star of the dyaster goes through the same changes as
the original nucleus, but in the reverse order—-viz. rosette (m), skein
(n), and network (o, p, q); passing finally into the condition of & typi-
cal resting nucleus. The protoplasm of the cell divides soon after the
formation of the dyaster (m). Sometimes fine lines may be seen in
the protoplasm, during the process of division, radiating from the poles
of the nucleus, and others uniting the two daughter nuclei.

Classification of epithelia.—Epithelia are classified according to
the shape and arrangement of the component cells. Thus we speak
of scaly or pavement, cubical, columnar, polyhedral, and spheroidal
epithelium. All these are sumple epitheha, with the cells only one
layer deep. If forming several superposed layers, the epithelum is
said to be stratified, and then the shape of the cells differs in the dif-
ferent layers. Where there are ouly three or four layers in a stratified
epithelium, it is termed transitional.

Stratified Epithelium covers the anterior surface of the cornea,
lines the mouth, pharynx (lower part), and gullet, and forms the epi-
dermis which covers the skin. In the female 1t lines the vagina and

Fia. 18.—8ECT10N OF THE STRATIFIED KP.IHELIUM COVERING THE FRONT OF
THE CORNEA OF llIE KYE,

¢ lowermost columnar cells ; p, polygonal cells above these , A, flattened cells near the surface.

part of the uterus. The cells nearest the surface are always flattened
and seale-like (fig. 18, f1; fig. 19), whereas the deeper cells are more
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roanded or polyhedral, and those of the deepest layer generally some-
what columnar in shape (fig. 18, ¢). Moreover, the deeper cells are
soft and protoplasmic, and are separated from one another by a system
of intercellular channels, which are bridged across by numerous pro-
cespes passing from cell to cell.

The deeper cells multiply by division, the newly formed cells tending
a8 they enlarge to push those external to them nearer to the surface,
from which they are gventually 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 &
measure restored by the action of potash (§ 2). The cast-off super-
ficial cells of the stratified epithelium of the mouth, which are seen in
abundance in the saliva (§ 1), are less altered, and the remains of &
nucleus is still visible in them.,

F16. 19.—EPITHET1UV-5CALES FROM THE  FI1G. 20 — PAVEMENT-EPITHELIUM FROM
INSIDE OF 1HE MouTH. (Magmfied 260 A SEROLS MEMBRANE. (Magnified 410
diameters.) diameters.)

a, cell ; 3, nucleus ; ¢, nucleoli,

Simple scaly or pavement epithelium is found in the saccules of
the lungs, in those of the mammary gland when inactive, in the kidney
(in the tubes of Henle), and also lining the cavities of serous mem-
branes (fig. 20), and the heart, blood-vessels, and lymphatics. When
occurring on internal surfaces, such as those of the serous membranes,
blood-vessels, and lymphatics, it is often spoken of as endothelium.

Polyhedral or spheroidal epithelium is characteristic of many
secreting glands ; columnar and ciliated epithelium are for the most
part found covering the inner surface of mucous membranes, which
are membranes lining passages in communication with the exterior,
such as the alimentary canal and the respiratory and generative

The detailed study of most of these may be reserved until the
organs in which they occur are respectively dealt with.

The hatrs and nails and the enamel of the teeth are modified
epithelial tissues,
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LESSON VIIL

COLUMNAR AND CILIATED EPITHELIUM, AND
TRANSITIONAL EPITHELIUM.

1. TARE & piece of rabbit’s intestine which hag been two days in chromic
acid solution (1 part chromioc acid to 2,000 normal salt solution). Scrape the
inner surface with a scalpel, break up the scrapings in a drop of water on &
slide. Add a small piece of hair to avoid crushing, and cover the preparation.
Sketch one or two columnar cells and also a row of cells. Measure two or
three cells and their nuclei.

To keep this preparation, add a drop of dilute hematoxylin (1 drop of the
ordinary solution to half a watch-glass-ful of distilled water{at one edge of the
cover-glass. When the hematoxylin has passed in and has stained the cell-
nuelei, place a drop of glycerine at the same edge, and allow it slowly to diffuse
under the cover-glass, Cement this another day.!

2. Break up in glycerine a shred of epithelium from a piece of frog's
intestine that has been treated with osmic acid, and has subsequently
macerated in water for a few days. The cells easily separate on tapping the
cover-glass. They are larger than those of the rabbit and exhibit certain
points of structure better. Measure and sketch one or two cells.

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

8. Prepare the ciliated epithelium from & trachea that has been in
bichromate of potash solution (3 per cent.) for two days, in the same way as in
§ 1. Measure in one or two of the cells (a) the length of the cell, (b) the
length of the cilia, (¢) the size of the nucleus. 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 urinary
bladder. Observe the large flat superficial cells, and the pear-shaped cells
of the second layer. Measure and sketch one or two of each kind.

Stain and preserve as in §§ 1 and 8.

Columnar epithelium.—The cells of a columnar epithelium (fig. 21)
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
covered by a thick striated border (fig. 22, sér), which may some-
times become detached in teased preparations. The protoplasm of
the cell is highly vacuolated or reticular, and fine longitudinal strie
may be seen in it, which appesr continuous with the stris of the

; ' &entiu-vialet solution (see Appendix) may be employed instead of hema-
oxylin.
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free border. The nucleus (n) is oval and reticular. The lateral
borders of the cells are often somewhat irregular or jagged, the
mesult of the pressure of amwbaid lymph-cells, which are generally
found between the coluinnar cells, at least 1n the intestine. After a

Fic. 21.—A ROW OF (OIUMNAL (11TS IROM THI INTFSTINE OF 1HE RABRIT.

Smallex cells are seen between the ¢ ithelum cells l]n‘obu.bly of the nature of white blood or lymph
corpuscles

meal containing much fat the cells may be filled with fat-globules,
which become staned blach 1 the osnue preparation.

Some of the columnar cells contamn mucigen, which may greatly
distend the pait of the cell nearcst the stiiated border. When the

Fie, 22 —(01 UMNAR 1 PILHFLIUM-(I LIS OI 1HE RABBILS INTFSTINEF,

The cells have been 130lated after mac cration in very wcak chronug acid  The cells are much
vacuolated, and one of them has a fatg obule near 1ts attached end, the stristed
border (at7) 13 well seen, and the bright disk <eparating 1t from the cell-protoplasm ,
%, nuclens with wtranuclear network «, a thinned out wing ke projection of the cell
which prohably fitted between two adjucent cells

mucigen is extruded as mucus, this border is thrown off, and the cell
takes the form of an open cup or chalice (goblet-cell, fig. 28).

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 1n theiwr secreting saccules. The epi-
thelium 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.

Cilinted epithelium.—The cells of a ciliated epithelium are also
usually columnar in shape (fig. 24), but in place of the striated border
the oell is surmounted by a bunch of fine tapering filaments -
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during life, move spontaneously to and fro, and serve to produce a
current of fluid over the surface which they cover.

The cilia are to be regarded as active prolongations of the cell-
protoplasm. The border upon which they are set 1s bright, and
appears formed of little juxtaposed knobs, to each of which & cilium is
attached. In the large ciliated cells whicL line the alimentary canal
of some molluscs (fig. 25) the knob may be observed to be prolonged
ingo the protoplasm of the cell as a fine varicose filament, termed the
rootlet of the cilium. These filaments may represent the longitudinal
strie often seen in the protoplasm of the colummnar cell, the bunch of
cilia being homologous with the striated border. The protoplasm and
nucleus have a similar vacuolated or reticular structure in both kinds
of cell. Goblet cells may also occur in ciliated epithelia.

%
Y

f1e 23 —Gomiy¥1 cILt

T, 24 —CoLUMNAR CITT- F1a 25.~CILTATFD CkI1,
AFLD EPITHELIUM-CELLS FROM THF INTESPINE

OF A MOLLUS(,

Ciliated epithehum is found throughout the whole extent of the
air-passages and their prolongations (but not the part of the nostrils
supplied by the olfactory nerves, nor in the lower part of the pharynx) ;
in the Fallopian tubes and the greater part of the uterus; in some of
the efferent ducts of the testicle (where the cilia are much longer than
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elsewhere in the body) ; in the ventricles of the brain, and the ceniral
canal of the spinal cord ; and in the convoluted tubules of the kidney.

Transitional epithelium is a stratified epithelium consisting of
only two or three layers of cells. It occurs m the urinary bladder,
the ureter, and the pelvis of the kidney. The superficial cells (fig.
26, a) are large and flattened ; they often have two nuclei. On ther

Fia 26 —LPITHELIAT C(FI18 FROM THF BLADDER OF THE RABnmir (Magnified
500 drameters )

e, large fiattened cell from the :\:Ferﬂcm layer with two nnolel and with t ’ly marked
0 cell AL'the second

ridges and intervening depressions on {ts under surface, b pear-shaped
1a) er adapted to n depression on one of the superficial cells

under surface they exbit depressions, into which fit the larger ends
of pymform cells, which form the next layer (fig. 26, b). Between
the tapered ends of the pyuform cells one or two layers of smaller
polyhedral cells are found.
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LESSON VIIL
STUDY OF CILIA IN ACRION.

1. MouNT in sea-water one or two bars of the gill of the marine muss
(fig- 27). Btudy the action of the large cilia. Now place the preparatic
upon the copper warm stage (see Lesson V.) and observe the effect of raisir
the temperature.

F16. 27.~VALVE OF MUSSEL (MYTILUS EDULIS) SHOWING br, br, THE EXPANDED
GILLS OR BRANCHIZ, WHICH, OWING TO THE LITTLE BARS OF WHICH THEY
ARE COMPOSED, PRESENT A STRIATED ASPECT.

ml, mantle ; m, out adductor muscle; {, mass of viscera; 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 1,000 of sea-water) under the cover-glass
and observe the effect.

2. Cement with sealing-wax a piece of small glass tubing to a slide so that

Fia. 28.—~MOIST CHAMBER ADAPTED FOR PASSING A GAS OR VAPOUR TO A
PREPARATION UNDER THE MICROSCOPE.

one end of the tubs comes ﬁea.rly to the centre of the slide, On this put &
¥ing of puity or modelling wax half an ineh in dismeter so as to include the
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end of the tube, and make a deep noteh in the ring opposite the tube. Plage
& small drop of water within the 1ing (fig. 28).

Pus & bar from the gill upon a cover-glass in the lenst possible quantity of
sea-water ; invert the cover-glass over the ;;lutty ring, and press it gently
down, The preparation hangs in a mowst chamber within which it can be
studied through the cover-glass, and wnto which gases or vapours can be passed
and thenr effects observed.

Pags CO, through the chamber, and after observing the effact replace 1t by
air (Ree fig. 29). Repeat with chloroform vapour instead of CO,.

The Movement of Cilia.—When in motion a cilium is bent quickly
over in one dircction with a lashing whip-like movement, immediately
tecovering 1tself. When wvigorous the action 1s 8o rapid, and the
rhythm so frequent, that 1t 13 1mpossible to follow the motion with the
eye. All the cihaupon a ciliated surface are not in action at the same

F1¢. 29.~MELTIOD OF BUBJFCIING A PRLPARAIION 10 A S1RLAM OF CARBONIC
AN} DRIDE

b, bottle contaimng marble and ndrochloric acid % wash bottle, connected by indiarubber
tube, £, with the moist chumber, &

instant, but the movement travels in waves over the surface. If a cell
is detached from the general surface, its cilia continue to act for a
while, but at once cease if they are detached from the cell.

The rhythm is slowed by cold, quickened by warmth, but heat
beyond a certain pomnt kills the cells. The movement will continue
for some time in water deprived of oxygen. Both CO, gas and chloro-
form vapour arrest the action, but 1t recommences on restoring air.
Dilute alkaline solutions qumcken the activity of cilia, or may even
restore it shortly after it has ceased.



20

LESSON IX.
THE CONNECTIVE TISS®ES.

AREOLAR AND ADIPOSE TISSUE.

1. TaxkE a little of the subcutaneous tissue or of the intermuscular connective
tissue of & 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. Ex-
amine with a high power. Sketch 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-tissue corpuscles, if any such are visible in the clear inter-
spaces. Look also for migratory cells (lymph-corpuscles). Next carefully
remove the cover.glass and replace the salt solution by dilute acetic acid.
Watch its effect in swelling the white fibres and bringing more clearly into
view the elastic fibres and corpuscles. Look for constricted bundles of white
fibres.

2. Make another film in the same way, but mount in dilute magenta
solution ! instead of saline solution. The elastic fibres are deeply stained by
the dye ; the cclls are also well shown. When the staining is completed pass
dilute glycerine under the cover-glass and cement this at once with gold
size.

8. Prepare another film of the subcutaneous tissue, including a little
adipose tissue. Mount in glycerine and water, coloured by magenta, with a
piece of hair under the cover-glass to keep this from pressing unduly upon the
fat-cells. Cement at once with gold size. Examine first with a low and after-
wards with a high power. The nucleus and envelope of the fat-cell are well
brought out by the magenta, 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. Place on its centre a large drop of nitrate of silver solution
(1 per cent,). After ten minutes wash this away with distilled water, mount
in Farrant !, and expose to the sunlight until stained brown. Sketch the out-
lines of two or three of the cell-spaces.

The connective tissues include areolar tissue, adipose tissue, elastic
tissue, fibrous tissue, retiform and lymphoid tissue, cartilage and bowe.
All these tissues agree in certain microscopical and chemical charac-
ters. They, for the most part, have a large amount of intereellular

“rubstance in which fibres are developed, and these fibres are of twa

. B
v

N 1 See Appendix.
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kinds-~white and yellow or elastic. Moreover, there are many points
of similarity between the cells which oceur in these several tissuses ;
they are also developed from the same embryonie formation, and they
tend to pass imperceptibly the one into the other. Besides this,
their use 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 differing consider-
ably in external chargcters. Of these connective tissues, however,
there are three which are so intimately allied as to be naturally con-
sidered 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 may be looked upon
as o special modification of areolar tissue). Areolar tissue being the
commonest and, in one sense, the most typical, its structure may be
considered first.

Areolar tissue.—The areolar tissue presents to the naked eye an
appearance of fine transparent threads and lamine which intercross in
every direction with one another, leaving intercommunicating meshes,
or areol®, between them. When examined with the microscope, these
threads and fibres are seen to be principally made up of wavy bundles
of exquisitely fine transparent fibres (whate fibres, fig. 80). The bun.
dles run m different directions, and may branch and intgrcommuni-
cate with one another; but the mdividual fibres, althoh Jh they pass
from one bundle to another, never branch or jom other fibres. The

Fig 31.—GROUND SUBSTANCE OF
CONNKCTIVE TISSUE BTAINED
BY sILVER, (The cell-spaces
are left white,)

Fic. 80~—BUNDLES Of THE WHILE KIBRES OF
AREOLAR TISSUE PARILY UNRAVLLLED,

fibres are cemented together into the bundles by a clear substance
contdining mucin, and the same clear material forms also the basis or
ground-substance of the tissue, in which the bundles themselves course,
and in which also the corpuscles of the tissue lie embedded, This
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-substance between the bundles can with difficulty be seen in
the fresh tizssue 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 & brown colour, with the exception of
the spaces which are occupied by the corpuscles (cell-spaces, fig. 81).

Besides the white fibres of connective tissue here described, fibres
of a different kind (fig. 82) may be mado out in the preparations;

A

1ic 32

A. Elastic fibres of areolar tissue From the suboutaneous tismue
of therabbit B (from Toldt) A white bundle swollen by acetic
ac1d. From the subarachnoid tissue at the base of the brain

these are the clastic fibres. They are especially
well seen after treatment with acetic acid, and
after staining with magenta ; but they can be de-
teoted 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 and join neighbouring fibres. If broken
by the needles in making the preparation, the elastic recoil causes
them to curl up, especially near the brohen ends. Desides the
microscopical differences, the two kinds of fibres differ also in their
chemical characters. Thus the white fibres are dissolved by boiling in
water, and yield gelatin; whereas the substance of which the elastic
fibres are composed (elastin) resists for a long time the action of boil-
ing water. Moreover, the white fibres swell and become indistinet
under the action of acetic acid ; the elastic fibres are unaltered by this
reagent.,

The bundles of white fibres which have been swollen out by acid
sometimes exhibit curious constrictians (fig. 82). These are due either
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1o elastic fibres coiling round the white bundles, or to cell processes
encireling them, or to an investment or sheath which remains un-
broken at certain parts, and thus prevents the swelling up of the
bundle at these places.

The cells of areolar tissue are generally flattened and more or less
branched (fig. 83), but may be of an elongated form. They usually con-

Fi16. 83 ~TWO0 FLATTENED AND BRANCHED CONNECTIVE-TISSUE CORPUSCLES
FROM THE SUBCUTANKOUS AREOLAR TISSUE,

Oppozite ! a sccondary lamella, projecting towards the observer, is seen In optical
section ag a dark line.

tain a single large oval nucleus having the usual structure of cell-nuelei.
Their protoplasm is generally much vacuolated, and it may also contain
granules. In the middle coat of the eye the connective-tissue cells are
filled with granule @f pigment.
The cells lie in spaces in the
ground-substance between the
bundles of white fibres. In some
parts of the connective tissue the
white bundles are developed to
such an extent as to pervade
almost the whole of the ground-
substance, and then the con-
nective-tissue corpuscles become
squeezed into the interstices,
flattened lamellar expansions of
the cells extending between the
bundles, as in tendon (see next
Tiesson). The cells are frequently
joined either into & network by
branching processes (fig. 84), or
-edge to edge, like the cells of an
" S epithelium (fig. 85); in either
mﬁéufiéé&.m?%%ﬁ%x&lﬁﬂn sysovial, 0886 the cell-spaces are also con-
MEMBRANE OF OX. joined equally intimately.
Besides the flattened, branched,
and ehmgated connective-tissue oorpuscles, others are met with which
like very large lymph-corpuscles in appearance, and sre filled with
inct ‘granules, which are stained deeply by aniline dyes. Thess
:ﬁe*us e, very eommon in the neighbourhood of blood-vessels, esige-
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Fic 35 —EPITHFLIOID CI1TLS OF (ONNF(IIVF [FISSUL, FROM THI SUIFA(F OF
AN APONKFUROSIS AFTFR TREALVMLNL WITH NI1RAIL Ok SIIVFR. € lhe cell-
nucle1 are not shown.)

Fie. 36,—A ¥rw (ELLS FROM 1HEF MARGIN OF A 1AT-LORUIF,
J ¢ fat-globule distending a fat-cell, m, nuclens, m, membranous envelope of the fat cell ,

¢?, bunch of crystals within a fat cell ¢, capillary vessel, #, venule, ¢/, connective-
tissue cell, the flbres of the connective tissue are not represcnted

cially where fat is becoming developed (see fig. 87); they exlibit slight
indications of amoeboid movement, and are known as the plasma-cells.
Migratory or lymph-cells may also be seen here and there in the tissue,
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The branched 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 prepara-
tions ; it will be again referred to in speaking of the origin of the
lymphatics.

Adipose tissue consists of vesicles filled with fat (fig. 86), and col-
lected into lobules or into tracts which accompany the small blood-
vessels. The vesicles gye 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. 86,
m) which is thickened at one part, and here includes an oval flattened
nucleus. The vesicles are supported partly by filaments of areolar
tissue, but chicfly by a fine network of capillary blood-vessels.

The fal when first formed is deposited within plasma-cells of areolar
tissue (fig. 87). It is at first in separate droplets within each cell, but

F1G. 87.—DLPOMIION OF FAT IN CONNECTIVL-TISSUE ( LLLS.

J, 8 cell with a few isolated fat-droplets in 1ts protoplasm; 7/, & cell with a single large and
several minute drops; ‘), fusion of two large drops; g, graunlar or plasma cell, not
yatlﬁxhlhithxg any fat-deposition ; ct, flat connectivo-tissue corpuscle ; ¢, ¢, network of
eapillaries,

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 subcutaneous areolar tissue, and
under the serous membranes ; especially in some parts, as at the back
of the peritoneum around the kidneys, under the epicardium, and in
the mesentery and omentum. The marrow of the long bones is also
principally composed of fat.
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LESSON X.
[ ]
THE CONNECTIVE TISSUES (continued).

ELASTIC TISSUE, FIBROUS TISSUE, SPECIAL VARIETIES, DEVELOPMENT
OF CONNECTIVE TISSUE.

1. TeasE out as finely as possible a small shred of elastic tissue (ligamentum
nuchee of the ox or ligamenta subflava of man) in Farrant’s solution! and
cover 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. Mount in Farrant a thin transverso section of ligamentum nuchms
which has been hardened in 2 per cent. solution of bichromate of potash.
Observe the grouping of the fibres and their angulur shape. Sketch one or

two groups.

8. Pinch off the end of the tail of a dead mouse or rat, draw out the long
silk-like tendons and put them into saline solution. Take two of the longest
threads 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
cover in saline solution. Observe with a high power the fine wavy fibrillation
of the tendon. Draw. Now run dilute acetic acid 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 eells in a row. Lastly, lift the cover-glass,
wash away the acid with distilled water, place a drop of hematoxylin solution
on the tendons, and leavo the preparation for fificen mimutes or more ; then
wash away the logwood and mount the preparation in acidulated glycerine.
Cement the cover-glass with gold sizc.

4. Immerso one or two other pieces of tendon in nitrate of silver solution
(1 per cent.) for ten minutes, then wash them in distilled water, stretch
them upon a slide, mount in Farrant, and expose to the sunlight.

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

Elastic tissue is a variety of connective tissue in which the elastic
fibres preponderate. It is found most characteristically in the liga-
mentum nuch® of quadrupeds and the ligamenta subflava of the
vertebrs, but the connective tissue of other parts may also have & con-

! See Appendix.
v2
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siderable development of elastic fibres, It occurs also 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 walls of
the blood-vessels, especially the arteries.

In the ligamentum nuche the fibres are very large and angular
(fig. 88); they often exhibit cross-markings or even transverse clefts.
When dragged asunder, they break sharply across; they constantly
branch and unite, so_as to form a close network. In transverge
section they are seen %o be separated into small groups (fig. 89) by
intervening white bundles of connective tissue.

SN =
_ LEJr 04t Q B\
N/oNG SN

F1c. 39 —CLoSS-SE(TION OI TLASTIC
TIBRLS FROM THE LIGAMENTUM
M (H ¥ OF INUE OX.

F16. 38 —L1 AS{IC IIBRFS 1ROM 1HF TIGA-
MENTIM NU(HA Ol IHF OX, SHOWING
TRANSVFRSK MARKINGS ON FHE FIBRLS.

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. 81).

Fibrous tissue is almost wholly made up of bundles of white fibres
running in a determinate direction. These again are collected into
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 distinct.

The interspaces between the larger bundles are occupied by areolar
tissue (fig. 40) in which the blood-vessels and lymphatics of the fibraus
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F16. 40 —PAR1 OF A LARGE TFNDON IN TRANSVI RSL SECTION,

a, areolar sheath of the tendon, with the fibres for th¢ most part runming transverstly but
with two or thice longitudinal 1undles b 7 Iymphatic cladt m the sheath 1 mediately
over 1t & blood vessel 18 «ecn cut across And (n the other side of the figurc a mall artery
15 shown cut longitudinally ¢, Jarge <eptum of areolar tissue d smallcr septum, ¢ still
smaller septum  The irregularly tellate bodies are the tendon cells 1n scction

m& mmzmmmm mm
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I'16. 41~~T¥NDON OF MOUSE’S TAJI, STAINFD WIIH LOGWOOD , SHOWING CHAINY
OF CLTLS BFIWEFN IHl 1ENDON-BUNDLLS (175 diameters )

F1G. 42 —TRANSVERSE SEC1ION OF 1ENDON OF MOUSF’S TAIL, SIAINED.
(175 dhmeters)

The flattened processes of the tendon-cells app tion as lines, frequently coming off at
right angles from the bddy of the cell
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tissue are conveyed. The interstices between the smallest bundles
are occupied by rows of connective-tissue corpuscles (tendon-celis),
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. 40, 42), but when seen on the flat
they appear lamellar (fig. 41), and from this aspect their general shape
is square or oblong. They lie, as before said, in rows between t.he
tendon-bundles, and the nuclei of adjacent cells are placed opposife

Fi16. 43~E1GHT (1LIS FROVM 1IE SAME TENDON AS RCPRFSENILID IN kIG. 41
(425 diameters )

The nucley, with their numerous nucleoli, are colomed by the logwood. The dark hnes on
the suzface of the cells are the optical sections of lamellar extensions directed towards or

away from the observer

one another in pairs (fig. 48). The cell-spaces correspond in general
figure and arrangement to the cells which occupy them (fig. 44).

Fic. 44,—C1LL-SPACKFS OF TFADON OF MOUSF’S TAIL, BROUGHT INTO ) IKW RBY
TREATMENT WIIII NITRATL OF SILVER., (175 diameters.)

Fibrous tissue forms the tendons and ligaments, and also certain
membranes, such as the dura mater, the fibrous pericardium, the fascize
of the limbs, the fibrous covering of certain organs, &e. It is found
wherever great strength combined with flexibility is concerned. It
receives a few blood-vessels, disposed longitudinally for the most part,
aud contains many lymphatics. Tendons and ligaments also receive
nerve-fibres, which, in some cases, end in small localised ramifications
like the end-plates of muscle, while others terminate in end-bulbs or in
gimple Pacinian corpusecles.

Retiform or reticular tissue is a variety of connective tissue in
which the intercellular or ground substance has mostly disappeared or
is replaced by fluid, very few or no fibres having been developed in it ;
and these, when present, are enwrapped by the cells. The tissue ig
composed almost entirely of the cells, which are ramified and united
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yvith one another into a network or sponge-work by their processes ;
in some cases, the cell-nuclei have disappeared (as at 0, fig. 45).

F1c. 45.—~THIN SFCIION FROM THE COR1ICAL PARI OF A LIMPHATIC GLAND,
MAGNIFIFD,

A network of fine trabeculee formcd by retiform tissue, from the meshes of which the
1ymph-corpuscles have been washed out, except at ¢, wherc they are 1cft.

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 (see Lesson XXII.), and also
in the tissue of the alimentary mucous membrane, and in some other
situations.

Basement membranes (membrang proprie) are homogeneous-look-
ing membranes, which are found forming the surface-layers of con-
nective-tissue expansions in many parts, especially where there is a
covering of epithelium, as on mucous membranes, in secreting glands,
and elsewhere. They are generally formned of flattened connective-
tissue cells joined together to form a membrane; but, in some cases,
they are evidently formed not of cells, but of condensed ground-
substance, and in others they are of an elastic nature.

Jelly-like connective tissue, although occurring largely in the em-
bryo, is found only in one situation in the adult—viz. forming the
vitreous humour of the eye. It seems to be composed entirely of soft
ground-substance, with cells scattered here and there through it, and
with very few fibres, or none at all. These several varieties of con-
nective tissue will be more fully described in connection with the
organs where they oceur.

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
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,
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both white and elastic, are deposited in this ground-substance, the
elastic substance usually m the form of granules (fig. 47, g), which

Fia 460 —JiLry ot WHARION

+ rumfied cells intercommunic ating by their branches 7 a row of lymph cells,
J, fibres developg in the ground ub tincc

subsequently become connected together into elastic fibres or laminsm,
a3 the case may be, the white fibres appeanng at first in the form of
very fine bundles, which afterwards become gradually large ¥ so that
m fibrous tissue the whole ground-substance 1s eventually pervaded by

Fra 47.—DEATLOFMI'NI OF FLASTIC 1ISRUE BY DEPOSITION OF FINF
GRANULES

fibres being formed of rows of ‘elastin’ granules , p, flat platelike expansion of
o elastic substance tormed by the fusion of’ al’astm ' granules r

them, and the cells of the tissue become squeezed up into the intervals
between them. Before any considerable development of fibres has
taken place, the embryome connective tissue has a jelly-like appear-
ance ; 1 this form 1t occurs in the umbilical cord, where 1t is known

as the jelly of Wharton (g 46).
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LESSON XI.
THE CONNECTIVE TISSUES (continued).

ARTICULAR CARTILAGE.,

1. Cur two or three very thin tangential slices of the fresh cartilage of a joint,
mount them in saline solution and examine with a high power. Observe care-
fully 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 saline
solution by water and set the preparation aside for a little while. On agan
examining it, many of the cartilage-cells will be found to have shrunk away
from their containing capsules.

2. Make other sections of the cartilage (1) from near the middle, (2) from
near the edge. Mount in magenta solution, and when stained add dilute
glycerine and cement the cover-glass. In (2) look for branched cartilage-cells.
Draw one or two.

8. Make vertical sections of articular cartilage from a bone which has
been for several days in 4 per cent. chromic acid solution, and mount the
gections in Farrant. Sketch the arrangement of the cells in the different
layers.

4. Wash a fresh joint with distilled water; drop 1 per cent. nitrate of
silver solution over 1t; after ten minutes wash away the nitrate of silver
and expose in water to the light. When browned, cut thin sections from
the surface and mount in Farrant. The cells and cell-spaces show white in
the brown ground-substance. Draw.

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
represented entirely by cartilage. Two chief varieties of cartilage are
distinguished. In the one, which is termed hyaline, the matrix or
ground-substance is clear, and free from obvious fibres; in the other,
which is termed fibro-cartilage, the matrix is everywhere pervaded by
connective-tissue fibres. 'When these are of the white variety, the
tissue is white fibro-cartilage ; when they are elastie fibres, it is yellow
or elastic fibro-cartilage.

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. It also forms the cartilages of the nose, the
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external auditory meatus, the larynx, and the windpipe ; in these places
it serves to maintain the shape and patency of the orifices and tubes.
Artioular cartilage. The cells of articular cartilage are mostly
scattered 1 groups of two or four throughout the matrix (fig. 48).
The latter is free from fibres, except at the extreme edge of the
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F1G 48 —ARTICUI AR CARTII AGL 1ROM HEAD OF MK1ATARSAL BONF OF MAN
(0SMIC ACID TRIPAIALION)  JHK (K11 BODILS LALIRFIY FIIT THE SPACLS

1IN 1HF MAIRIX. (840 diameters )

o group of two cells b, group of four cells s protoplusm of ccll, with g, fatty granules,
7, nucleus

cartilage, where the connective tissue fibres fiom the synovial mem-
brane extend into 1t, and Lere also the cartilage-cells are often
branched, and offer transitions to the branched connective-tissue cor-
puscles of that membrane (transitional cartilage, fig. 49). By long
waoceration, however, some observers have obtained evidence of a
fibrous structure even in the matrix of true hyaline cartilage. The
matrix immediately around the cartilage-cells is often marked off from
the rest by a concentric line or lines, this part bemng 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
8 high power fine interlacing filaments and granules have been
observed in it (fig. 560). During life the protoplasm entirely fills the
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:avity or cell-space which it occupies in the matrix; but after death,
ind in consequence of the action of water and other agents, 1t tends to
shrink away from the capsule. The nucleus 18 10und, and shows the
nsual mntranuclear network.

I'16 49 —BORDLR OF ARTICULAK (ARTIIACF SBHOWING F1G 50 —A (ARTILAGF CLIT

TRANSITION OF CARTILAGF (11LS INLO CONNFCTIV k- IN IHE LIVING B1A1K,
TIS8UF CORPUSCLTS OL SYNOVIAI MFMBRANF 1roMm 1ROM (HE SAIAMANDER
HEAD OF MJ TATARSAL BONE, HUMAN  (About 340 Ihghly magmted

@, ordinary cartilage cells, b7 with branching procisscz
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F1G. 51.~VER1ICAL SECTION OF ARTICLIAR CARIITAGE COVKFRING 1HF LOWER
FND OF FHE TIBIA, HUMAN (Magnified about 80 diameters )

@, cells and oell groups flattened conformably with the surface ¥, cell groups irregularly
arranged, ¢, cell groups disposel perpendicularly to the surface, d, layer of .alcified
cartilage, ¢ bone

In vertical section (fig. 51) the deeper cell groups (c) are seen to be
arranged vertically to the surface, the more superficial ones (a) parallel
to the surface, whilst 1n an intermediate zone the groups are irregu-
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larly disposed (b). In the deepest part of the cartilage, next the bone,
there 18 often a deposition of calcareous salts i the matrx (calcified
cartilage, d).

The disposition of the cells of cartilage in groups of two, four, and
80 on, 18 apparently due to the fact that these groups have origmated
from the division of a single cell first mnto two, and these agamn nto
two, and so on (fig. 52) It would seem that the matrx 18 formed of

i\
il
lfl I
Flf )Z—PIAV OF ITHI MUTIXITICAIION OF C1T18 OF CARCIT AGF

A cell in 1its capsule B divaded mnto two each with a capsulc ¢ ) rimary capsnle disip
peared, seconlary cipsues ccherent with matrix  » tertisry hivision b secon lmy
capsules disappeare 1, tertiary ¢ hercnt with matnx

| W

F1e 53 —DIVISION OF A CARTII AGK-CELI

a-h stages of divicion of a cell, as seen 1n the living cartilage of the salamandcr (the con
nection of the nuclear filaments could not be made out in the fresh condition) « b stel
late phase, ¢ d commencing separation of the nuclenr fllaments, the further stages of
separation are not ropresented ¢ fllaments fully separated into two groups, and a septum
beginning to be formed between them 1, septum completed scen to be double and con
tinuous with capsules of daughter cells, g, 4 further stages in the formation of the
daughter nucler

successive portions, which are deposited azound each cartilage cellas the
so-called ¢ capsules, each newly formed portion soon blending in 1ts turn
with the previously formed matrix, whilst a new capsule 15 formed
within it. The division of the carfilage cell, ke that of other cells,
is accompanied by & process of karyomitoss.
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LESSON XII.
THE CONNECTIVE TISSUES (contunued)

b COSTAL CARTILAGE. FIBRO CART™LAGE.

1. MAKE transverse and tangential sections of a rib cartilage, stain them with
magenta, and mount in dilute glycerm¢, cementing at once Sketch a part of
a transverse section under a low power and a cell group from one of the
tangential sections under a high powor Notice especially the arrangement
of the cells, somewhat concentric near the surtace but radial near the centre.
The costal cartilages are often ossified near the imddle

2. Make sections of the cartilage of the external ear. Mount in dilute
glycerine faintly coloured with magenta If from the ox, notice the very
large reticulating elastic fibies 1 the matrix  Notice also the 1solated
granules of elastin, and around the cartilage cells the area of clear ground
substance. Draw a small portion of the section.

8. Mount a section of the epiglottis 1n the same way Notice the closer
network of much finer fibres

4. Cut sections of white fibro cartil we (intervertebral disk), and stain
them with dilute magenta Mount i dilute glycerine Observe the wavy
fibres 1n the matrix and the cartilage cells lymg n (lear areas often con
centrically striated. Look for bianched cartilage cells. Sketch thiee or four
cells and the adjoining fibrous matry

Costal cartilage —In the costal caitilages the matrix 18 not always
80 clear as 1n the matnx of the jomts, for 1t often happens that fibres

"
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Fi16 54.—SFCIION OF RIB-CARLITAGE, SHOWING 1WO0 CFIL GROUES IN A
SOMLWHA1 1IBROUS LOOKING MALRIA

become developed in 1t. The cells are generally larger and more an-
gular than those of articular cartilage, and collected into larger groups
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(Bg. 54). Near the circumference, and under the perichondrium 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 radi-
ated arrangement. They frequently contain fat. 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 occur are dealt with.

Elastic or yellow fibro-cartilage occurs in only a few situationg
These are, the cartilagé of the external ear and that of the Eustachian
tube, the epiglottis and cartilages of Santorini of the larynx, and in
some animals, e.g. the ox, the upper third of the arytenoids. The
matrix is everywhere pervaded with well-defined branching fibres,
which unite with one another to form a close network (fig. 55). These

F16 56.~SFC110N OI PART OF THL CAR-
11T AGE O T FPIGI OT1IS,

a cartilige cell in clear area, b granular-
F16. 56 —S1 (110N 0% 1HE 1TASIIC ( ARTI- }001‘1“5 matrix near the muddle ofbi;he ('ﬂ{ﬁ-

" . age, the granular appearance being due
LAGE O™ THL AR (H:ghly maguified ) purtly to the fine reticulum of elastic gbreﬂ.
partly to the pre-ence of granules of elastic
substance 1 the matnx, ¢, clearer matnx
with longcr fibres,

fibres resist the action of acetic acid, and are stained deeply by magenta ;
they are evidently elastic fibres. In the ox they are very large, but
smaller in man, especially in the cartilage of the epiglottis (fig. 56)-
They appear to be developed 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 cerfain amount of rigidity is required: thus we frequently find
fibro-cartilage joming bones together, as in the case of the intervertebral
disks and other symphyses. Fibro-cartilage is frequently employed to
lme grooves in which tendons run, and may also be found in the tendons
themselves. It is also employed to deepen cup-shaped articular sur-
faces ; 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
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white fibro-cartilage looks very like fibrous tissue, but its cells are car-
tilage-, not tendon-, cells (fig. 57). They are rounded or bluntly angular

Fie 7 —WHITF FIBLO CARITIAGE FROM AN INTKLVERIFBRAT DISK, HUMAN.
(Highly magnified )
The concentric lines around the cells indicate the limits of deposit of successive capsules

One of the cells has & forked process which extends beyond the hyaline area surrounding
the cell, amongst the fibies of the genera! matrix

and surrounded by a concentrically striated area of clear cartilage-
matrix., In some parts of the itervertebral disk many ot the cells are
branched, and may be looked upon as transitional forms to connective-
tissue corpuscles.
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LESSON XIII
e BONE AND VARROW.

1. Ix thin sections of hard bone made by grinding, observe the Haversian
canals, lamell®, lacuns, canaliculi, &c. Make a sketch first under a low and

afterwards under a high power.

2. With fine forceps strip off a thin shred from a bone which has been
decalcified in nitric acid and afterwards kept for some time in dilute alcohol.
Mount the shred in water. Observe the fibrous structure of the lamelle.
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 very thin sections of compact bone which
has been decalcified in chromic or picric acid, and mount in dilute glycerine,
cementing at once. Look for fibres of Sharpey piercing the circumferential
lamellie. The elastic perforating fibres are more darkly stained than the
others. Notice the stained nuclei of the bone-corpusc{es in the lacune.
In the thinnest parts of the sections try to make out the bloo ¥vessels and
other structures in the Haversian canals.

4. Mount in Canada balsam sections of marrow (from a long bone) stained
with hematoxylin or borax-carmine.! Observe the fat-cells, the reticular
tissue supporting them, the proper marrow-cells in this tissue, &c.

5. Tease in saline solution 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-corpuscles. If examined
carefully, ameeboid movements may be detected in the latter and in the

marrow-cells,

Bone is a connective tissue in which the ground-substance is im-
pregnated with salts of lime, chiefly phosphate, these salts constituting
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
galts 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 camcellated. Compact bone is
denselike ivory; cancellated is spongy with obvious interstices. The
outer layers of all bones are compact, and the inner part is generally
eancellated, but the shaft of a long bone is almost entirely made up of

! See Appendix.
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vompact substance except along the centre, whish is hollow and filled
with marrow. The interstices of cancellated bone are also ocoupied
by marrow. Externally bones are covered except at the joints by a
vasoular fibrous membrane, the periosteum.

True bone is always made up of lame/le, and these again are com-
posed of fine fibres lying in a calcified ground-substance. Between
the lamell® are branched cells, the bone-corpuscles, which lie in cell-
spaces or lacune. The ramified passages which contain the cell-pro-
cesses are termed canaliculs.

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 camals—which everywhere pervade the bone. These
canals are about 005 mm. (4}, mnch) in diameter, but some are
smaller, others larger than this. Their general direction is longitudinal.
t.e. parallel to the long axis of the bone, but they are constantly united
by transversely and obliquely running passages. In a section across
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F1a. 58.—TRANSVERSL SECTION OF A BONE (ULNA)., (Magmfied 20 diameters.)

The openings of the Haversian canals are seen encircled by concentaiclamellse Other lamellse
run parallel with the surface (a)

the shaft of a long bone they are seen as small rounded or irregular

holes (fig. 58). When the section has been made by grinding, the

holes get filled up with air and débris, and they then look black by
B
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transmitted light, as do also the lacuns and canaliculi (fig. 59). Most
of the lamslle in compact bone are disposed concentrically around the
Haversian canals ; they are known as the Haversian lamelle, and with

F16. 59.—~TRANSVERsE SECTION OF COMPACT TISSUE (oF HUMERUS'y (Magnified
abont 150 diameters.) . \

Three of the Haversian canals are seen, with their concentric rings; also the lacune, with

the canaliculi extending from them aoross the direction of the lamelle. The Haversian

apertures had become filled with airand débris in grinding down the section, and therefore
appear black in the figure, which represents the object as viewed with transmitted light.

the included canal form what is known as a Haversian system. The
lacune of a Haversian system communicate with one another and
with the Haversian canal, but not as a rule with the lacuns of other
Haversian systems. The angular interstices between the Haversian
systems are generally occupied by bony substance, which is fibrous but
not distinctly lamellar. Besides the lamelle of the Haversian systems
there is a certain thickness of bone at the surface, immediately under-
neath the periosteum, which i composed of lamell® arranged parallel
with the surface; these are the circumferential or periosteal lamelice
(fig. 58, a). They are pierced here and there by canals for blood-
vessels, which are proceeding from the periosteum to join the system
of Haversian canals, and also by caleified bundles of white fibres and
by elastic fibres which may also be prolonged from the periosteum.
These are the perforating fibres of Sharpey (fig. 60).

The lamell® of bone are fibrous in structure. This may be seen in
shreds torn off from the superficial layers of a decalcified bone (fig.
81). The fibres often cross one another in adjacent lamell®, and in
the Haversian systems they run in some lamell® concentrically, in

"others parallel with the Haversian canal. In shreds of lamell® which

have been peeled off from the surface the perforating fibres may some-
times be seen projecting from the surface of the shred, having been
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F16, 60,—~TRANSVERSE SECTION OF DECALCIFIED HUMAN TIBIA, FROM NEAR THE
SURFACE OF THE SHAFT.
1, H, Haversian canals, with their systems of concentriclemelle ; in 8ll the rest of the figure

the lamellee are circumferential; 8, ordinary perforating fibres of Sharpey; e, ¢, elastic
perforating fibres, Drawn under a power of about 150 diameters.
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F16. 61.—LAMELLXE TORN OFF FROM A DECALCIFIKD HUMAN PARIETAL BONE AT
SOME DEPTH FROM THE SURFACE.

a, lamelle, showing decuseating fibres ; b, b, thicker part, where reveral lamells are super-

ed ; ¢, ¢, perforating fibves : the fibrils which compose them are not shown in the

., Apertures through which perforating fibres had passed are seen, vspecially in the

lmt part, g, @, of the figure. Magnitude as feen under & power of 200, but hot drawn to

& sonle, : . ‘
x2
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torn out of the deeper lamells (fig. 61 ¢, ¢). Where tendons or ligs-
ments are inserted into bone, their bundles of white fibres are prolonged
into the bone as perforating fibres.

The lacuns sare occupied by nucleated corpusoles, which send
pranches along the canaliculi.

The Haversian eanals contain one or two blood-capillaries and
nervous filaments, besides a little connective tissue; and the larger
ones may also containg a few marrow-cells. There are also cleft-like
lymphatic spaces running parallel with the vessels and connected by
means of canaliculi with neighbouring lacune in the osseous substance

(fig. 62).

F16. 62 —8EC 110N 01 v HAVERSIAN CAVAL, SHOWING I15 CONFEN18.
(Highly magnified.)
a, small arterial capiilary vessel, v, large venous capillary n, pale nerve fibies out across ,
1, cleft ltke lymphatic veasel onc of the cells forming 1ts wall communicates by fine
branches with the branches of 1 hone-worpuscle The substance in which the vessels

1un i3 connective tissue with ramificd cells, 1ts finely granular appearance 18 probably due
to the cross-section of fine fibrils 1he canal 18 surrounded by several concentric lamells

The periosteum, which is best studied m sections from a bone which
has been decalcified 1 chromic or picric acid, 18 a fibrous membrane
composed of two layers, the mner of which contains many elastic
fibres. In the outer layer numerous blood-vessels ramify and send
from 1t branches to the Haversian canals of the bone. The periosteum
minsters to the nutrition of the bone, partly on account of the blood-
vessels 1t contains, partly, especially in young animals, on account of
the existence between it and the bone of a layer of osteoblasts or bone-
Jormang cells, a remainder of those which origimally produced the bone.

The marrow of bone is of a yellow colour 1n the shafts of the long
bones, and is there largely composed of adipose tissue, but in the ean-
cellated tissue it 15 red, the colour being partly due to the large amount
of blood in its vessels. This red marrow 1s chiefly composed of round
nucleated cells— the marrow-cells (fig. 68, e~1)—which resemble large
Iymph-corpuscles, and, hike these, are amceboid. There are also to be
seen mingled with them a number of corpuscles somewhat smaller in
sige, but nucleated and ameboid, and of a reddish tint (fig. 68, j~f) ;
these are believed to be cells in process of development into coloured
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blood-corpuseles (hemaioblasts). Lastly the marrow contains a certain
number of very large cells with multiple nuclei, the myeloplazes (fig.
68, a, b, ¢, d). These are especially numerous wherever bone is
becoming absorbed. The marrow is very vascular, the capillaries and
veins being large and thin-walled ; indeed, according to some authorities,

J k 1 m n o p q r s

, e (@
@OP®©OeHOWe
FiG. 68.—~CEILS OF 1HE RFD MARROW OI THI GUINFA PiG. (Highly magnified.)

a, a large cell, the nucleus of which appcais to he partly divided into three by constrictions,
b, a cell the enlarged nucleus of which shows an appearance of bemg constricted mto a
number of smaller nuclel, ¢, a to called giant-cell or myeloplaxe with many nudler, d, a
smaller myeloplaxe with thiec nucler, e-i, proper cells of the marrow , j~f, variou~ forms
of coloured nucleated cells, some in process of division,

[

the walls of the capillaries are imperfect, so that there is an open com-
munication between them and the interstices of the tissue, and in this
way it is supposed that the coloured blood-disks, which are belheved to
be produced from the coloured nucleated cells of the marrow, may get
into the circulation. .
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LESSON XIV.
L
DEVELOPMENT OF BONE.

1. MouxT in Canada balsam a section of the lower jaw of a feetus which has
been stained in bulk with magenta or heematoxylin and embedded in paraffin.!
Find the part where the lower jaw-bone is becoming ossified, and carefully
study the appearances which it presents. The bone i prolonged in the formn
of osteogenic fibres which are covered with osteoblasts.

2. Intramembranous ossification may also be studied in the parietal bone
of a feetus which has been preserved in Muller's flud. A prece of the growing
edglg is scraped free from 1ts investing membranes and mounted in glycerine
or Farrant.

8. Mount in Canada balsam sections of & feetal lunb which has been stained
with magenta. 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 tbg peculiar ter.
minal 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. These
sections will show the mode of progress of the caleification. The sections
can be mounted in Farrant’s solution.

True bone is essentially formed in all cases by an ossification of
connective tissue, Sometimes the bone is preceded by cartilage, which
first of all becomes calcified, and thisis then invaded, and for the most
part removed, by an embryonic tissue which re-deposits bony matter in
the interior of the cartilage, whilst at the same time layers of bone are
being formed outside underneath the periosteum. This is ‘niracar-
tilaginous or endochondral ossification. Sometimes the bone is not
preceded by cartilage, and then the only process which occurs is one
corresponding to the subperiosteal ossification of the former variety ;
the ossification is then known as intramembranous.

Ossification in Cartilage.—This may be described as occurring in
three stages. In the first stage the cells in the middle of the cartilage
become enlarged and arranged in rows radiating from the centre
(fig. 64), and fine granules of calcareous matter are deposited in the
matrix., Simultaneously with this the osteoblasts undermeath the

! For the methods of staining and embedding 1 and 3, see Appendix, ¢ Embedding
in Paraffin.’_
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periosteum deposit a layer or layers of fibrous lamells upon the surface
of the eartilage, and these lamell® also become calcified (fig. 64, tm).
As they are formed some of the osteoblasts (0) are included between
them and become bone-corpuscles.

£16. 64.—~8ECIION 01 PHAIANGFAI BON1 OF HUMAN RIS, Al IHE 1IMK O1
COMMENCING 0SSTLICAT10N  (Maguihied about 75 diameters )

The cartilage-cells in the centrc arc enlarged and s« parated from one another by dark-looking
caloified matrix, «m layer ot bone deposited underneath the penosteum , o, layer of
osteoblusts by which this layer has becn formed  bome of the osteoblasts are already em-
bedded in the new bone as lucunas Lhe cartalage-cellsare becoming enlarged and fiattened
and arranged m rows above and below the calcified centrie At the ends of the cartilage
the oslls are small and the groups are irregularly arranged , the fibrous periosteum is
not sharply marked oft from the cartilage

In the second stage some of the subperiosteal tissue eats its way
through the newly formed layer of bone and into the centre of the cal-
cified cartilage (fig. 65, vr). This 1s freely absorbed before it, so that
large spaces are produced which are filled with osteoblasts gnq contain
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aumerous blood-vessels which have grown in at the same time. The
spaces are termed medullary spaces, and this second stage may be
termed the stage of wrruption.

Fia 85.~SECTION OF PART O!
ONE OF THE LIMB-BONKS Ol
A FE1AL CAT, AT A MORI
ADVANCED STAGE OF OS8IK
CATION IIIAN 19 REPRE
SENTED IN k1@, 64, ANI
YOVMEWHAT MORE IIIGHI1
MAGNIKIED,

The calcification of the ocartil
matnix has advanced from the
centre, and is extending betweer
the groups of cartilage-cell:
which are arranged m character
wstfe rows The subperiostea
bonv deposit (sm) has extendec
par u with the calcification
of the cartilage-matrix Tl
cartilagecells in the primar
areolse are mostly shrunken anc
stellate,, 1n some cases they haw
diopped out of the space. At «
and 1n two other places an frrup
tlon of the subperiosteal tissue
composed of, ified oells witl
osteoblasts & § growing blood
vessels, has penetrated the sub
periosteal bony crust, and ha
begun to excavate the secondar
areola or medullary spaces, p
fibrous laver of the periosteum
o, layer of osteoblasts, some o
them are embedded in the osseon
layer as bone corpuscles in la
cune , b blood-vessels occuprec
by blood-corpuscles Beyond the
line of ossific advance the perios
temwn may be noticed to dis
tinctly incurved This incurva.
tion 18 gradually moved on, the
cartilage expanding behwnd 11
until the head of the bone
reached, when it forms the peri
osteal notch or groove representec
i fig 66,p 57

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 lamellm and
spicules on the walls of the medullary spaces, and on the surface of
the new bone under the periosteum. 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 caleified, and then the calcified cartilage
becoming excavated from behind by the osteoblastio tissue so as to form
~-= medullary spaces (fig. 87). The walls of these are at first formed
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only by remains of the ealcified cartilage-matrix (fig. 67, ¢), but they
soon become thickened by lamelle of fibrous bone (b) which are

P16, 66,—~LoNGITUDINAL SEC-
TION THROUGH THE UPPER
HALF OF THE DECALCIFIED
HUMERUS OF A FEELAL SHEEP,
A8 SEEN UNDER A MAGNIFY-
ING POWER OF ABOUT 30
DIAMFTERS,

ic, the part of the haft which waa
primavily ossified in cartilage;
what remalns of the primary
bone 18 represented a3 dark, en-
veloped by the clear scoondary
deposit. The arcols of the bone
are occupied by embryonic mar-
row with osteob'asts, and blood-
veasels variously cut, represented
a3 dark lines, One long straight
veasel (br) passes in advance of
the line of osufication far mto
the eartilaginous head, most of
the others loop round close to the
cartilage. At one or two places
in the older parts of the bone
elongated groups of cartilage-
cells (¢) may still be seen, which
have escaped absorption. wm, the
part of the bone that has been
ossified in membrane, that 18 to
8ay, in the osteoblastic tissue
under the periosteum. Jt 18 well
marked oft from the contral por-
tion, and 18 bounded, peripherally,
b{ a jagged edge, the projections
of which are indistinctly seen to
be prolonged by bunches of osteo-
genio fibres, A row of osteoblasts
covers the superficial layex of the
bone. The subperiosteal layer 19
anlongad above into the thicken-
g (p), which encroaches upon
the cartilage of the head of the
bone, and im which are seen,
amongst numerous osteoblasts
and a few blood-vessels, the
straight longitudinal osteogenic
fibres (of), and some other hbres
(pf) orossing them, and perhaps
representing fibres of Sharpey.
The calcareous salts having been
removed by an acid, the granular
ossific deposit pagsing up between
the rows of cartilage-cells 13 not
geen in this specimen; 1t would
have extended as far as & line
joining the marks x x. Observe
the general tendency of the osse-
ous trabecule and the vuscular
channels between them to radiate
from the origimal centre of oasifi-
oation. This is found to prevail
more or less in all bones when
they are first formed, although
the direction of the trabeculre
may afterwards become modified
in relation with warying physio-
logical conditions, and especially
as the result of pressure n dif-
ferent directions.

deposited by the osteoblasts, and between which bone-corpuscles
become included, as in the case of the subperiosteal bone. The latter
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advances paré passu with the endochondral calcification, but beyond
this the uncalcified cartilage grows both in length and breadth, so that
the ossification is always advancing into larger and larger portions of
eartilage ; hence the endochondral bone as it forms assumes the shape
of an hour-glass, the cylindrical shape of the whole bone being main-
tained by additions of periosteal Lone to the outside (see fig. 68). The

Fie. 67.—PARTr OF A LONGI-
TUDINAL SK(TION OF 1HE
DEVELOPING HAMUR OF THR
RABMIT. (Drawn under a
magmtymg  power of 860
diameters.)

«, rons of fiattened cartilage-cells;
b, greatly enlarged oartilage-
o1y ¢lo~e to the advuncing bone,
the wmatrix between 18 partly
lafled, ¢, d, already formed
bone, the orsecous trabecula
bemg covered with osteoblasts
(e), except here d there,
whete an osteocl 18 seen,
eroding parts of th. trabeculee,
g, h catiage-cells wineh have
hecome shrunken and irregular
m shape. Tiom the muddle of
the figure downwards the dark
trabeculze, which are formed of
caloified cartilage-matrix, are he-
coming covercd with secondary
osseous substance depomted hy
the osteoblacts  The vascular
loops at the extreme limit of the
Lone are well shown, us well as
the abrupt diappearance of the
cartalage-cells
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absorption of the calcified cartilage-matrix appears to be effected, as is
the case with absorption of bony matter wherever it occurs, by large
multinucleated cells (fig. 67, f, f) which are termed osteoclasts. They
are the same as the myeloplaxes of the marrow.

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 lamell® are not deposited until some little time after birth,
and their deposition is generally preceded by a considerable amount of
absorption. It is about this time also that the medullary canal of the
long bones is formed by the absorption of the bony tissue which
originally occupies the centre of the shaft,
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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 cartilage (intermediate car-
tilage) whicl intervenes between the shaft and the epiphyses, and by the
gradual extension of the ossification into it ; in width entirely by the
deposition of fresh bony layers under the periosteum. In the terminal
phalanges of the digits the ossification starts, yot from the middle of
the cartilage, but from its distal extremity.

For the regeneration of portions of bone which have been removed
by disease or operation it is essential that the periosteum be left.

F1G. 68, ~PARL OF THE GROWING RDGF OF THE DRVLIOPING PARIKLTAL BOML
OF A 10 TAL (AL, 1§ INCIT TONG,

$p, bony spicules, with some of the osteoblasts embedded i them, producing the lacuns; o/,
osteogenic fibres pro onging the spicules, with osteoblasts (o¢/) betwcen thom and applied
to them,

Intramembranous ossification. In this variety of ossification, the
bone is not preceded by cartilage at all, and therefore no endochon-
dral bone is formed, but the calcification occurs in a sort of embryonic
fibrous tissue which contains numerous osteoblasts and blood-vessels
(fig. 68). The fibres of this tissue (osteogenic fibres), which, like those
of fibrous tissue, are collected into small bundles, become enclosed in
a calcareous matrix ; and as the fibres grow, the calcification extends
further and further, so that bony spicules are formed, which, as they
become thickened, run together to form reticular layers, leaving spaces
filled with osteoblasts around the blood-vessels. The osteogenic
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fibves are covered with osteoblasts, and as the bone forms, some of
these become left as bone-corpuscles within lacune. Thus in every
particular the development of these bones resembles that of the sub-
periosteal layer of endochondral bone, which is also to be considered
a8 an instance of intramembranous ossification, although taking place
on the surface of cartilage. Moreover, it is the same subperiosteal
tissue which deposits the true or secondary bone upon those parts
of the calcified cartila.ge-ma.trix which have escaped absorption; and
this must also, therefore, be reckoned as developed according to the
same type. In fact, even in intracartilaginous ossification, very little
of the calaified cartilage-matrix eventually remains ; this being almost
wholly replaced by true or fibrous bone which has been formed by
osteoblasts.
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LEBSONS XV. anp XVIL
STRUCTURE OF MUSCLE.

LESSON XV.

1. Taxe a shred of muscle fron) a recently killed mammal, and on a dry slide
carefully separate long pieces of muscular fibre (single fibres if possible) and
stretch them out, keeping them moist during the process by breathing on the
slide. Put a drop of serum on the cover-glass Eefore 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.
Thexﬁ. allow a hittle dilute acetic acid to run under the cover-glass and watch
its effect.

2. Prepare some fibres of frog’s muscle in the same way, but mount in
salt solution instead of sermm. Notice the muscular snbstance shrinking
away here and there from the sarcolemma, which then becomes distinetly
vxaib}f. Bketch a piece of sarcolemuma bridging across an interval thus pro-
duce

8. Mount in Farrant transverse sections of fresh muscle which have been
cut whilst frozen, and at once placed 1n 1 per cent. nitrate of silver solution.
Take care to prevent the cover-glass from pressing on the sections. Examinc
first with a low and then with a high power. Sketch the appearances which
are seen.

In each of the above preparations measure the diameter of some of the
fibres.

LESSON XVI.

1. Cur off the head of a water-beetle and bisect the trunk with scissors so as
to expose the interior. Notice two kinds of muscular tissue, the one belonging
to the legs greyish in colour, the other attached to the wings yellowsh,
Preparations of both kinds of muscle are to be made in the same way as living
mammalian musecle (see previous Lesson), but they are to be mounted either
without the addition of any fluid or in a drop of the insect’s blood. In both
preparations the dark-looking air-tubes or traches form prominent objects
ramifying amongst the fibres, Observe the structure of the two kinds of
muscle, noting especially the fine fibrils of the wing muscles and the muscle-
rods in the large fibres of the leg muscles. If the preparation isade quickly,
waves of contraction will probably be observed passing along the last-named
fibres.

The remainder of the water-beetle may be put into spirit (pinned upon a
cork so that the muscles are well stretched) and preparations made on a
future day after the manner described in the next preparation.

9. Place in logwood a small shred of mammalian muscular tissue which
has been stretched upon a cork and hardened in alcohol. When it is deeply
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stained, wash it in water and with needles break the fibres up in Farrant’s
golution into as fine fibrils as possible. Cover and examine with a high
power.

8. Tear off a small shred of the muscular coat of a piece of intestine which
has been from 24 to 48 hours in (4 per cent.) bichromate of potash solution.
Hold the shred with forceps in a drop of water and fray it out with a needle.
In this process many cells will be set free and can be seen with a low power.
The preparation may then be covered and examined with a high power.
Sketch one of the cells. elben allow dilute logwood to pass under the covex-

lass and lastly a drop of glycerine. Sketch another cell after staining.
easure two or three cells and their nuclei.

Voluntary muscle is composed of long cylindrical fibres, measuring
on an average about 34 inch in diameter in mammalian muscles, but
having a length of an inch or more. Each fibre hasg an elastic sheath,
the sarcolemma, which encloses the contractile substance. The sarco-
lemma is seldom distinct, unless the contained substance becomes
broken (fig. 69).

F16. 69.~SARCOLEMMA
OF MAMMALIAN MUS-
CLE, HIGHLY MAGNI-
FIED,

The fibre is represented at
& place where the mus-
cular substance has be-
come ruptured and has
shrunk away, leaving the
sarcolemms (with &
nucleus adhering to it)
olear, The fibre had been
treated with serum acidn-
1ated with acetic acid.

Fia. 70. — MuscULAR
FIBRE OF A MAMMAL
EXAMINED FRESH IN
SERUM, HIGHLY MAG-
NIFIED, THY. SURFACE
OF THE FIBRE BEING
ACCURATELY Fo-
CUSSED.

The nuclei are seen on the
fiat at the surface of the

fibre, and in profile at
the edges.

. The contractile substance of the fibre is characterised by the alter-
 finte dark and light stripes which run across the length of the fibre;
“hence the name, cross-striated or striped muscle. On focussing, it
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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 surface be very carefully
focussed, double rows of granules are seen lying in or at the bounda-
ries of the light streaks, and very fine longitudinal lines may, with a
good microscope, be dotected running through the dark streak, and
uniting the minute granules (fig. 70). These fine lines, with their
enlarged extremities the granules, are known as snuscle-rods ; they are
more conspicuous in the muscles of insects.

F1G. 72 —DiaarAav -
I1IC RFPRESKNTALION
OF A MUSCLE ¢ \s),

~n, muscle prism, consist-
g of a hundle of mus le-
10ds, &, fud substance.

F16 71 —TORTION OF A MEDIUM-
SIZED HUMAN MUS( ULAR FIBRF,
SHOWING THE INTFRMEDIATE
LINL MENTIONED IN TH& TEXI,

If instead of focussing the surface of the fibre it be observed in its depth,
a different appearance is frequently visible, nanely a fine dotted hine bisecting
each clear stripe (fig. 71); but this appearance 1s probably due to an optical
effect caused by the light being transmitted between disks of different
refrangibility.

The fine Line bisecting the clear stripo is, however, taken by many histolo-
gists to represent a definito structure, and is often known as Krause’s mem-
brane, having been described by Krause as connected with the sarcolemma and
dividing the muscle-fibre into so many flat compartments. Krause further de-
scribed these compartients as divided longitudinally by fine membranes, so
that the musecle-substance may, according to him, be regarded as composed of
little cylindrical ¢ cases’ (fig. 72) each containing in the centre a portion of the
dark disk, and, above and below this, portions of the light disks (which are
fluid according to this author).!

! For other views regarding the structure of striated muscular fibre, the student
is referved to Quawn’s Anatomy, 9th edition, vol. ii. pp. 127 to 120.
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Besides the sarcolemma and striated substance, & musoular fibre also
exhibits & number of oval nuclei which have the usual reticular stractare
of cell-nuclei. Bometimes there is a little granular substance (proto-
plasm) at each pole of the nuclens. In mammalian muscle the nuclei
lie immediately under the sarcolemma (figs. GY, 70), cxcept in certain
fibres, e.g. those which compose the red muscles of some animals, such
a8 the hare and rabbit, and which occur scattered ainongst the ordinary
fibres in mammalia generally. In these the nuclei are distributed
through the thickness of the fibre, and ilns 18 also the case in all the
muscular fibres of the frog.

The transverse section of a muscle shows the fibres to be nearly
cylindrical in figure. Between the fibres there is a certain amount of
areolar tissue, which serves to support the blood-vessels and also unites
them into fasciculi; the fasciculi are again united together by a larger
amount of this intramuscular connective tissue.

On examming the transverse section of a fibre with a high power,
it is seen to be subdivided everywhere into small angular fields, the
areas of Cohnheun. These probably represent sections of the longi-
tudinal fib2:ls into wiuch a muscular fibre sphts after death, or after
bemng hardened in certain reagents, ¢.g. alcohol, chromic acid, or osmic
acid.

F16. 78.~SL(TION OF A MUSCUT AR FIBLL
SHOWING ARLAS O CUNNHEIM.

F16. 74 —LIVING MUS(LE OI WA1ER-
BELTIE (DY IIS(1Y MARGINALIS).
( Highly magmfied )

&, sarcolemma; a, duim stripe, b, bright

stripe, ¢, row of dots n bnght.
which seem t0 be the enlarged ondlp&

rod-shaped particles, d
In the muscles of nsects the stripes are relatively broad, and their
structure can be more readily seen than in mammals. In the living
fibres from the muscles of the legs, the appearance of fine longitudinal
lines traversing the dark stripes, and terminating within the light
gtripes in rows of dots, is very obvious. When the fibres contract, the
light stripes are seen. as the fibre shortens and thickens, to become
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dark, an apparent reversal being thereby produced in the strie. This
reversal is due to the enlargement of the rows of dark dots, and the
formation by their juxtaposition and blending of dark disks, whilst the
muscular substance between these disks has by contrast a bright
appearance.

The wing-muscles of insects are easily broken up into very fine
fibres or fibrils, which also show alternate dark and light striee. The
number and relative thickness of these differ, jowever, considerably,
according to the amount of stretching of the fibres (fig. 75). Muscle-
rods are not seen in these fibres.
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F1G. 76 —FIRRES OF IHE WING-MUSCLhiv OF AN INSE(T.

The fibres are i difterent conditions of extension, fiom A least extended, to D mo-t ¢x-
tended ¢, ¢, ¢ hief substamce of the fibre, m, m, mtermnediate lines or disks; the hght
bands, be, on erther <ule of these only come to view when the fibre 18 sufficiently stretched
(C); with further extension (D), the middle of the dark band appears hightir, A.

In muscular tissue which has been hardened in alcohol and certain
other reagents, the structural appearances aie a good deal altered from
those of the living muscle, although the cross-striz are still very obvious.
There is also a considerable tendency for the fibres to split up longi-
tudinally into fibrils, and by some authorities the finest of such fibrls
are regarded as the ultimate elements of the fibre. Certamn other
reagents, such as dilute hydrochloric acid, cause a transverse splitting
of the fibres into disks, and these effects of reagents led Bowman to form
the opinion that the muscular substance may be in reality composed of
minute prismatic particles set side by side in rows or planes to form
the disks, and adlhering end to end longitudinally to form the fibrils.
To these constituent particles of the wmuseular substance he gave the
name of ¢ sarcous elements.’

When living muscular fibres are examined by polarised light, the
whole of the muscular substance except the muscle-rods is seen to be
doubly refracting, looking bright in the dark field produced by crossing
the axes of the Nichol’s prisms. Contracted muscle and dead muscle
show, however, alternate bands of dark and light under those circum-
stances.

Ending of muscle in tendon.—A small tendon-bundle passes to

F
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each muscular fibre and becomes firmly united with the sarcolemma,
which extends over the end of the fibre (fig. 76). Further, the areolar
tissue between the tendon-bundles is continuons with that which lies
between the muscular fibres, so that the connection of a muscle to its
tendon is very firm.

L

Fus. 76.—TERMINATION OI A MUS-
CULAR FIBRE IN LINDON.

m, sarcolemma ;lc. th?] safmﬁm membrane
passing over the end of the fibre, p, . —_— >
extremity of muscular subatn.uce’ :: Fie. 77 OA;:‘[;:“:AIlg VESSKLS OF
retracted from the lower end of the .
sarcolemma tuibe, !, tendon-hundie
passing to be fixed to the sarcolenima,

DBlood-vessels of musole.—The capillaries of the muscular tissue are
very numerous. They run, for the most part, longitudinally, with
transverse branches, so as to form long oblong meshes (fig. 77). In
the red muscles of the rabbit and hare, the transverse capillaries have
small dilatations upon them. No blood-vessels ever penetrate the
sarcolemma.

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

The nerves of voluntary muscles pierce the sarcolemmsa and ter-
minate in a ramified expansion known as an end-plate (see Lesson
XIX.).
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Voluntary muscular fibres are developed from embryonic cells of
the mesoderm, which become elongated, and the nuclei 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 which the nuclei are at first confined,
remains for some time unaltered (fig. 78). Eventually the change in
structure extends to this also, and the nuclei pasg gradually to occupy
their ordinary position under the sarcolemma, which by this time has
become formed.
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Fi¢. 78.—~DEVELOPING
MUSCULAR FIBRE,
FROM F®ETUS OoF 2
MONTIS,

2, central protoplasm with
several nuclei, n, scat-
tered in it; ¢, cownmen-
cing sarcolemma, with
striated muscular sub-
stance developing 1n-
medwately beneath it.

F16. 79.—~MUSCULAR FIRRE-CKLLLS FROM THE MUN U-
LAR (OAT OF THE SMALL INTESTINE, HIGHLY MAG-
NIFIED,

A. A complete cell, showing the nuclens with intra-nuclear
network, aud the longitudinal fibrillation of the cell-sub-
stauce, with finely vacnolated protoplasm between the fibrils.
B. A cell broken in the process of isolation ; the delicate
ouveloping membrane projects at the brokeu end a little
beyond the substance o} the cell.

Iﬁvolunta.ry or plain muscular tissue is composed of long, some-
what flattened, fusiform cells (fig. 79), which vary much in length, but

are usually not more than i inch long. Each cell has an oval or
¥2
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rod-shaped nucleus, which shows the usual intra-nuclear network and
commonly one or two nucleoli. The cell-substance is longitudinally
striated, but does not exhibit cross-strism like those of voluntary muscle.
There appears to be a delicate sheath to each cell. There is a little
intercellular cementing substance uniting the cells together, and which
can be stained by nitrate of silver., The fibres are collected into fas-
ciculi.

Plain muscular tiggue is found chiefly in the walls of hollow viscera ;
thus it forms the muscular coat of the whole of the alimentary canal
below the cesophagus, and occurs abundantly in the muscular coat of
that tube also, although it is here intermixed with cross-striated
muscle ; it is found also in the mucous membrane of the alimentary
canal ; in the trachea and its ramifications; in the urinary bladder
and ureters; in the uterus, Fallopian tubes, and ovary; in the pro-
state, the sploen, and muscle of Muller in the orbit, and in the ciliary
muscle, and iris. The walls of gland-ducts also contain it, and the
middle coat of the arteries, veins, and lymphatics is largely composed
of this tissue. It occurs also in the skin, both in the secreting part of
the sweat-glands, and in small bundles attached to the hair-follicles ;
in the scrotum it is found abundantly in the subcutaneous tissue
(dartos).

The muscular tissue of the heart constitutes a sy \cial variety of
involuntary muscular tissue (cardiac), and will be described along with

that organ,
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LESSON XVIL
STRUCTURE OF NERVE-FIBRES.

1. TEasE a piece of fresh nerve in saline solution, injuring the fibres as little
and obtaining them as long and straight as possible. Study the medullated
fibres, carefully noticing all the structures that are visible—viz., nodes ot
Ranvier, nuclei of primitive sheath, double contour of medullary sheath,
medullary segments, &e. Measure the diameter of half a dozen fibres. Draw
a short length of a fibre very exactly.

2. Prepare a piece of the sympathetic nerve in the samo way. Measure
and sketch as before.

8. Separate (in dilnte glycerme or Farrant) into its fibres a simall piece of
nerve that has been twenty-four hours in 4 per cent. osmic acid. The nerve
should have been moderately stretched on a piece of cork by means of pins
before being placed in the acid. Keep the fibres as straight as possible and
only touch them near their ends with the ncedles. Sketch two portions of a
fibre under a high power, one showing a node of Ranvier and tho 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 Canada balsam sections of a nerve which has been hardened
in picric acid and stained with picro-carmine. The nerve should have been
stretched out before being placed in the hardening solution. Examine the
sections first with a low and afterwards with a high power. Notice the
lamellar structure of the perincurium, the varying size of the nerve-fibres,
the axis cylinder in the centre of each fibre, &c. Measure the diameter of
five or six fibres, and sketch a small portion of one of the sections.

Nerve-fibres are of two kinds, medullated and non-medullated. The
cerebro-gpinal neives and the white matter of the nerve-centres are
composed of medullated fibres; the sympathetic and its branches is
chiefly made up of non-medullated.

The medullated or white fibres are characterised, as their name
implies, by the presence of the so-called medullary sheath or white
substance. This is a layer of soft substance, chiefly of a fatty nature,
which encircles the essential part of a nerve-fibre, viz. the axis-cylinder,
Outside the medullary sheath is a delicate but tough homogeneous
membrane, the primitive sheath or nucleated sheath of Schwann, but
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this is not present in all medullated fibres, being absent in those which

are within the nerve-centres.
The medullary sheath is composed of a highly refracting fatty
B

Fia. 80.—WHITE OR MEDULLATED
NERVE - FIBRES, SHOWING 1HE
SINUOUS OUTLINE AND DOUBLE
CONTOU RS,

TF1a. 81.—~PORTIONS OF TWO NERVE- FTRRES
STAINED WITH OSMIC ACID (FROM A
YOUNG RABBIT), (425 diameters.)

R, &. Nodes of Ranvier, with axis-cylinder
passing through, «, 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 sheath. In A the nodes
are wider, and the intersegmental substance
more apparent than in B.

material, which gives a characteristic dark contour and tubular appear-
ance to the nerve-fibres. It affords a continuous investment to the
axis-cylinder, except that it is interrupted at regular intervals in the
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Fi 82~—A SMAI1 PAR1 Ol A MFDUL-
1ATKD FIBRL, IIGILY MAGNIFIID

The fibwe looks in aptial &ection like a tubc—
henoe the term tubular formerly applcd to
these fibres Two partial brcaches of con
tinuity are scen i the medu lary sheath
whichy at these places cxhibits a tendeney to
split into 1sminge  The prumtive sheath 1s
here and there apparent outsudc the meduol
lary sheath, and the delicate stma which
arc visible in the middle of the fibre pro
bably indicate the fibrillatcd axas cylinder

Fia. 84 —Tw0 PORIIONS OF MFDUI I ATED
NERVE-FIBRFS, AFIER 1REATMFNT
WITH OBMIC ACID, SMOWING 1HE AXIS-
(YIINDER, AND FHI MEDUILARY AND
PRIMITIVE SHEATHS,

A. Node of Ranvier B, Middle of an Inter-

course of the peri-
pheral nerve-fibres,
the axis-cylinder at
these places being
encompassed only by
the primitive sheath.
Hence the primitive
sheath appears at
these spots to pro
duce a constriction
m the nerve-fibre,
and the interruptions
of the medullary
sheath are accord-
mgly known as the
constrictwonsor nodes
of Ranvier (fig. 81,
®, &; fig. 88, L), the
term nodes bemg ap-
phied from the resem-
blance wluch they
bear to the nodes
of a bamboo. The
length of nerve be-
tween two successive
nodes may be termed
an mnlernode ; in the
nuddle of each mter-
node 18 one of the
nuelei of Schwann's
sheath, Besides
these interruptions
the medullary sheath
shows a variable
number of oblique
clefts (fig. 88) which
subdivide it info
nregular portions,
which have been
termed  medullary
segments, but there
is reason to believe
that the clefts are
artifically produced.
Osmc ac1d staing the

node with nucleus. ¢, axis<cylinder, pro .
jooting , p, prumitive sheath withn yhion F16: 83— Nrmvb- medullary sheath

the y sheath, wluch 18 stained dmk ~ FIBRE  SIAINFD black.
by the osmio acid, i somew hat retracted, WILH OBMIC ACID ac
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The axis-cylinder, which runs along the middle of the nerve-fibre,
is a soft transparent thread which is continuous from end to end of

the nerve.

On account of the peculiar refractive power of the medullary sheath

Fus, 85, — Axie-
CYLINDER, HIGHLY
VAGNIHIKD, BUHOW-
ING THE FIBRILS
COMPOSING IT.

Fi16. 86. — PORTION OF THE
NETWORK OF FIBRES OF
REMAK FROM THE PNRUMO-
GASTRIC OF THE DOG.

a, 1 3 P, prot r‘ sur-
ronnding it ; b, striation caused
by fibrils.

Fra. 87.—A SMALL BUNDLE OF
NERVE-FIBRF8 FROM THE
SYMPATHETIC NERVE.

The bundle is composed of pale
nerve-fibres, with the exception
of the filbre m, m, wiuch is en.
closed here and there by athin
medullary sheath; #, n, nuclei
of pale fibres.

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
thie medullary sheath, and it may also sometimes be seen projecting

from a broken end of & nerve-fibre.

It is longitudinally striated, being

really made up of exoeedingly fine fibrils (uwitimate fibrils, fig. 85),
which are darkly stained by chloride of gold. Staining with nitrate
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of gilver produces a curious transversely strieted appearance in the axis-
oylinder, but it is not known if this indicutes a pre-existent structure.

Intermingled with the medullated fibres there may always, even in
the cerebro-spinal nerves, be found a certain number of pale fibres devoid
of the dark double contour which is chavacteristic of the presence of
a medullary sheath. There are the non-medullated fibres, also called,
after their discoverer, fibres of Bemak (fig. 86). They frequently branch,
which the medullated fibres never do except near their termination,
and they are beset with numerous nuclei which perhaps belong to a
delicate sheath. The sympathetic nerve is in many animals chiefly
made up of fibres of this nature, but in some animals, on the other
hand, most of the fibres of the rympathetic possess some small amount
of medullary sheath (fig. 87).

£

F16, 88.—SKC110N OF THE SAVHENOUS NERVE (HUMAN), MADE AF1kR BEING
STAINKD IN OSMIC ACID AND AUBSFQUENTLY HARDENED IN AlCOHOL.
(Drawn as seen under a very low magnify ing power.)

ep, epineurium, or general sheath of the nerve, consistingeof counective-tissue bundles of

P vgﬂable qize scpsmted by cleft-hke areoles, which appear as a network of clear lines with
here and there fat-cclls and blood-vessels : f, £, fumcull enc'osed in their lamellated
connective-tisste sheaths (perfneurinin, p) ; end, interior of funiculns, showing the cut
ends of the mednllated nerve-fibres, which are embedded in the connective tissue within
the fuuiculus (endoneurium). The fat-cells and the nerve-fihres are darkly stained by the
osmie aold, but the connective tissue of the nerve is vnly slightly stained.

Structure of the nerve-trunks.—In their course through the body
the nerve-fibres are gathered up into bundles or funiculi, and the
funiculi may again be united together to form the nerves which we
ineet with in dissection. The connective tissue which unites the
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funiculi and invests the whole nerve, connecting it to neighbouring
parts and conveying to it blood-vessels, lymphatics, and even nerve-
fibres destined for its coats, is termed the epinewrium (fig. 88, ep).
That which ensheaths the funiculi is known as the perinewrium (fig.
88, per). It has a distinctly lamellar structure (fig. 89, p), the lamells

FiG. 89.—~PART OF A SL(TION OF ONE OF TIE FUNICULI OF THE SCIATIC NERVE
oF MAN, (Magnified.)

P, perineurium, coneisting of a number of closely arranged lamelle. ZEn, processes from the
perinenrium, passing into the interior of the funiculus, and becoming continnons with the
endoneurium, or delicate connective tissue between the nerve-hbres. The connective-
tissne fibrils of the endoncnrium are secn cut across as fine points, often appearing to en-
sheath the nerve-fibres with u circle of mnunte dots (fibnil-sheath of Key and Retzms).
Numerous nuelei ot connective-tissue celis are embedded 1n the endoneurium ; v, section
ot a blood-vessel,

being composed of connective tissue and covered on both surfaces by
flattened epithelioid cells (fig. 90). Between the lamelle jare clefts for
the conveyance of lymph to the lymphatics of the epineurium. The
delicate connective tissue which lies between the merve-fibres of the

funiculus is the endoneurium (fig. 88, end ; fig. 89, En). It assists in

Frc. 90, — NERVE-FUNICULLS
BTAINED WITH NITRATHE OF SIL-
3V kit, SHOWING THE OUTLINKS OF
KPITHELIOID CRLLS  OF THE
PERINEURIUM,

The dark crosses on the nerve-fibres at
the nodes of Ranvier are due to the
staining of the axis-oylinder and of
& band of intercellular substance
which encircles the axis-cylinder at
the node (constricting band of Kun.
vier).

supporting the longitudinally arranged meshwork of blood-capillaries,
and its interstices communicate with the lymphatic clefts of the
perineurium,
The nerve-trunks themselves receive nerve-fibres (nervi nervorum)
::}ich ramify chiefly in the epineurium and terminate in this in end-
titbs,
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. LESSON XVIIL
STRUCTURE OF NERVE-CELLS.

1. TrasE in Farrant's solution or in dilute glycerine a small piece of a spinal
ganglion that has been preserved with osmic acid. Notice the spheroidal
ganglion-cells; their large nuclei and distinet nueleoli. Look for cells which
still retain the axis-cylinder process and for T-shaped junctions of nerve-
fibres with this,

2. Prepare a piece of sympathetic ganglion in the same way. Cells may
be found with three or more axis-cylinder processes. If from a rabbit observe
that the cells are bi-nucleated.

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

4. Tease out a portion of the groy matter from a piece of spinal cord that
has been a day or two in dilute chromic acid (J; per cent.). Before covering,
lIook for the nerve-cells with a low power, and if possible get out one or two
clear of the surrounding substance, Mount in water with a thick hair under
the cover-glass. Notice the large branching cells some with a mass of pig-
ment near the nucleus, Observe the fibrillation of the cell-processes. Notice
also the reticular character of the tissue in which the cells are embedded.
Many axis-cylinders will be seen in this preparation deprived wholly or

artially of their medullary sheath, and their fibrillar structure can then also

e well seen. Carefully sketch these appearances, To keep this preparation
run very dilute logwood solution or osmic acid under the cover-glass, and
when the cells are stained allow a drop of glycerine to pass in by duffusion.

Measure two or three cells in each of the above preparations.

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 ganglia. The most important ganglia are those which are
found upon the posterior roots of the spinal nerves, upon the rcots of
some of the cranial nerves, and upon the trunk and principal branches
of the sympathetic nerve. Minute ganglia are also found very nume-
rously in connection with the nerves which are supplied to involuntary
muscular tissue, as in the heart, alimentary canal, bladder, uterus, &e.

Nerve-cells vary much in size and shape; they are mostly la.rgek\o
some being amongst the largest cells met with in the body, -
others are quite small, The nucleus is generally large, clear, ‘
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gpherical, with a single large and distinct nucleolus. The shape
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 spherical. This is the case with the cells of the

Fi16. 91.—CELL FROM A SPINAL GANGLION.

sh, nuolented sheath of the cell; w, o/, the nerve fibre which the single process of the cell,
r & number of colls, joms,

Fia 92—GANG1 10N CFLL 01 A Fi1o. 98.—~ A GANGITON-CEIT, WITHIN ITS

FROG, HIGHLY MAGNIFILD, SITEATH § FRO}.)I‘ THKE HUMAN BYMPALHETIC.
@, a, stralght fibre; b, b, coiled fibre; (Hghly magnified. )

¢, smaller one joining it.

spinal ganglie (fig. 91); in these the single process, after a short
course, joins one of the nerve-fibres which is traversing the ganglion.
‘When there are two processes, they often go off in opposite directions
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from the cell, which is thus rendered somewhat spindle-shaped, but
ocoasionally they emerge at the same part, and the cell, being tapered
in their direction, becomes pyriform (fig. 92). In these cases one fibre
often coils spirally round the other (fig. 92, b) before they separate to
proceed in opposite directions as the axis-cylinders of nerve-fibres.
When there are three or more processes, the cell becomes irregularly
angular or stellate. Sometimes, as in the sympathetic ganglia (fig. 98),
all the processes appear to become nerve-fibres, but in other instances,
a8 in the large cells of the grey matter of the spinal cord, only one

F1a. 94 —NFRVF (ELL }ROM SPINAL CORD OF O\, 1SOLALFD APTER MACLRATION
IN VFRY DILUIE (HROWIC ACID. (Magnified 175 diameters.)

The cell has a well-deflned, clear, round nucleus, and a bright nuoleolus The cell processes
arc scen to be finely fibrillated, the fibrils pawing from one process into another through
the body of the cell. @, axis-cylinder process broken a short distance from the cell

process becomes the axis-cylinder of a nerve-fibre (prooess of Deiters),
the others dividing and subdividing in a ramified manner until their
further course can no longer be traced. Their ultimate branches
appear to lose themselves in a network which pervades the whole of
the grey matter.

According to the number of their processes, nerve-cells are termed
uni-, bi-, or multi-polar.

Many nerve-cells, and notably those of the spinal cord, have a finely
fibrillar structure. The fibrils can be traced into the branches of the
cells and into the axis-cylinders of nerve-fibres which are connected
with the cells (fig. 95). Otherwise the cells have a finely granular
appearance ; often with a clump of black, brown, or yellow pigment-
granules placed at one side of the nucleus.
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In the ganglin the nerve-cells have a nucleated sheath (figs. 91-
98) which is continuous with the primitive sheath of the nerve-fibres
with which they are connected. In the spinal ganglia, and in many of
the ganglia at the roots of the cranial nerves, the cells are unipolar,

Fi6. 95.—AXIN(YLI\DF K
PROCESS  OF  NERVF-
C(FLL,

X, %, portion of merve
ell, a, axis-cyhinder
precess, a, medullary
nh?inh. Highly magnd-
fie

and the cell-process jomns a traversing nerve-fibre by a T-shaped
junction (fig. 91). In the sympathetic ganglia they are multipolar.

he cells are disposed in aggregations of different size, separated by
the bundles of nerve-fibres which are traversing the ganglion (fig. 96).
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The ganghion 1f large 18 enclosed by an investing capsule of connective
tissue which 18 continuous with the epi- and peri-neurrum of the
entering and 1ssuing nerve trunks,

The structure of the nerve centies and the arrangement of the
cells and fibres i them are given mn Lessons XXXVI, to XXXIX.

116 90 =1 ONGILUDINATL SECIION THIOUCH 1BI MIDDIT Ol \ GANGTION ON
ITHI TOSITRIOR ROOL O ONI Of 1H1 SACRAL NLRVES Ol (UF DOG, AS
SFIN UNDFR A 10W MACNIIYING TOWLR

a nerve root entering the ganghon b fibres leaving ti ¢ ginglion 1) jon the mixe 1 spinal
nerve ¢ connective tissne ¢ it of the gwglion 1 jrnucayal group «f nerve cells wath
fibres passing down trom wm nust the cells probably to umte with the longitudnally
cour-aing nerve fibres by T haj ¢ [ yunctions

Development —The cclls and fibres of the nervous tissue are
developed from cells der1ved from the ectoderm or epiblast of the embryo.
The nerve fibres are at first developed as pale fibres hike the fibres
of Remak, 1t 18 uncertamn whether they arc formed by the coalescence
of a number of cells, or whether they grow out as the processes of
nerve cells The medullary sheath 18 subsequently added

When a nerve 18 cut, the fibres beyond the section as far as ther
termmations undergo a process of degeneration, the medullary sheath
bemg bioken up and the axis cyhnder mteirupted and cventually
absorbed. New nerve fibres are at length pioduced by a growth of the
axis cylinders in the proxunal end of the nerve.
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LESSON XIX.
MODES OF ‘TERMINATION OF NERVE-FIBRES.

1. BHELL out a Pacinian corpuscle from a pieco of cat’s mesentery which has
been kept for two or three days in L por cent. chromic acid, and clear it as
much a8 possiblo of adhering fat, but be careful not to prick or otherwiso
injure the corpuscle itself. Mount in water with a thick hair to prevent
crushing with the cover-glass. Sketch 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 corpusclo and the oval nuclei belonging to flattened
epithelioid cells which cover the tunics. The distinct lines which when seen
in the fresh corpuscle are generally taken for the tunics, are really the optical
sections of these flattened cells.

2. Mount in Farrant one or moro sections of a rabbit’s cornea which has
been stained with chloride of gold. Notice the arrangement in plexuses of
the darkly stained nerve-fibres and fibrils, (1) in the connective-tissue sub-
stance, (2) under the epithelium and (8) betweon the epithelial cells. Make
one or two sketches showing the arrangement of the fibrils.

8. Spread out a small piece of muscle which has beeu stained with
chloride of gold by Lowit’s method, and examine it with a low power to find
the nerve-fibres crossing the muscular fibres and distributed to them.

Try and separato those parts of the muscular fibres to which nerves
appear to go, and mnount them in glycerine. Search thoroughly for the close
terminal ramifications (end-plates) of the axis-cylinders immediately within
the sarcolemma.

It is rather difficult to dissociate the fibres, and much patience is some-
times required in searching for the nerve-terminations, but when they are
found the trouble is amply repaid.!

Modes of ending of sensory nerve-fibres.—Nerve-fibres which are
distributed to sensory parts end either in special organs or in terminal
ramifications or plexuses. There are three chief kinds of special
organs, termed respectively Pacinian corpuscles, tactile corpuscles, and
end-bulbs. In the tactile corpuscles and end-bulbs the connective-
tissue sheath of a medullated fibre expands to form a somewhat solid
bulbous enlargement, which is either cylindrical or spheroidal in the
end-bulbs and ellipsoidal in the tactile corpuscles. In both kinds of end-
organ there is a capsule of connective tissue within which is generally
8 sort of core containing numerous nucleated cells. As the nerve-fibre
enters the corpuscle (which in the tactile corpuscle only happens after
it has reached the distal part of the corpuscle having wound spirally

! For methods of staining with chloride of gold see Appendix.
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once or twice round it) it loses its sheaths and is prolonged as an axis.
, oylinder only, which terminates after either a straight or a convoluted
course within the organ (see figs. 98 to 101). Tactile corpuscles oceur

il

lllli‘m“{

!
L

F1G. 97.—SECTION OF SKIN SHOWING TWO PAPILLE AND DEEPER LAYERS oF
EPIDERMIS.
a, vascular papilla with capillary loop passing from subjacent vessel, ¢; b, nerve-papilla with

tactile corpuscle, . The lutter exhibits trunsverse fibrous xuarkiugs H d, nerve passing up
to it ; £, /, sections of spirally winding nerve-fibres.

¥1G,98.—TACTILE CORPUSCLE F16. 99.~SimrLe TACTILE  FiG. 100.—~CYLINDRICAL
WITHIN A PAPILLA OF THE END-ORGANS FROM THE END-BULB FROM THE
SKIN OF THE HAND, BTAINED CLITORIS OF THE RABBLT, CONJUNCTIVA OF THE
WITH CHLORIDE OF GOLD. CALF.

The convolutions of the nerve- -

fibres within the corpuscle are
. seen. Ep, epldermis,



Fi. 101.—END-BULB FROM THE HUMAN
CONJUNCTIVA.
u, nuocleated capsule ; b, core, the outlines of

its cells are not seen; ¢, entering fibre,
‘branching, and its two divisions passing to
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Fia. 102.—TACTILE CORPUSCLES FROM THE
DUCK’S TONGUE,

A, composed of three cells, with two interposed

disks, into which the axis-cylinder of the nerve,

n, is observed to pass; in B there is but one

terminate in the core at d.

F16. 108 —MAGXIFIED VIEW OF A
PACINIAN BODY ¥ROM THE CAT'S
MESENTERY.

8, stalk with nerve-fibre paseing to the

oorpuscle. One or two capillaries are
aleo seen issning from it between the
tunics,

tactile disk enclosed betwoen two tactile cells.

i
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\
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F1u. 104.—PART oF PACINIAN BODY, SHOWING

THE NERVE-FIBRES ENTERING THE CORE.
FROM AN 0SMIC ACID PREPARATION.

ms, entering nerve-fibre, the mednllary sheath of

which is stained darkly, and ends abruptly at the
core; ps, prolongation of primitive sheath, passing
tnwnrgs the onter part of the core; ¢. /. axie-cylin-
der passing through the core of the central 3
«, some of the innertunics of the corpuscle, enl
where they abut against the canal through which
the nerve-fibre the dots within them are
rections of the fibres of which they arc composed ;
n, nuolel of the tunios; ', nuolef of the endo-
:en.rinm, continued by others in the outer part of
he ocore,



MODES OF TERMINATION OF NERVE-FIBRES é3

in some of the papille of the skin of the hand and foot, in sections of
which they may be afterwards studied (see Lesson XXIIL) End-bulbs
are found in the conjunctiva of the eye, where in most animals they
have a cylindrical or oblong shape (fig. 100), but in man are spheroidal
(fig. 101), They have also been found in papill® of the lips and
tongue, and in the epineurium of the nerve-trunks, and somewhat
similar sensory end-organs also occur in the integument of the external
genital organs of both sexes (fig. 99). In the gkin covering the bill,
and in the tongue 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-cylinder terminating in flattened expansions
between the cells (corpuscles of Grandry, fig. 102).

The Pacinian corpuscles are larger, and have a more complex
structure, than the tactile corpuscles and end-bulbs (fig. 108). They
are composed of a number of concentric coats arranged like the layers
of an onion, and enclosing the prolonged end of a nerve-fibre. A single
medullated nerve-fibre goes to each Pacinian corpuscle encircled by
a prolongation of perineurrum, and within this by endoneurium ; when
it reaches the corpuscle, of which it appears to form the stalk, the
lamell® of the permeurium expand to form some of the tunies of the
corpuscle. The nerve passes on, piercing the other tunics, and still
provided with medullary sheath, and surrounded by endoneurium, to
reach the centre of the corpuscle. Iere the endoneurium is prolonged
to form a sort of soft cylindrical core, along the middle of which the
nerve-fibre, now deprived of 1ts medullary and primitive sheaths, passes
in a straight course as a sinple axis-cylinder (fig. 104, c. f.) to termi-
nate at the farther end of the core m a bulbous enlargement. Occa-
sionally the fibre is branched.

The tunics of the corpuscle are composed of connective tissue, the
fibres of which for the most part run circularly. They are covered on
both surfaces with a layer of flattened epithelioid cells, and here and
there cleft-like lymph-spaces can be seen between them hke those
between the layers of the permeurium (see p. 74).

When sensory nerve-fibres terminate in plexuses, they generally
branch once or twice on nearing their termination. The sheaths of the
fibres then successively become lost, first the connective tissue or peri-
neural sheath, then the medullary sheath, and lastly the primitive
sheath, the axis-cylinder being alone continued as & bundle of primitive
fibrils (fig. 105, n). This branches and joins with the ramifications
of the axis-cylinders of neighbouring nerve-fibres to form a primary
plexus. From the primary plexus smaller branches (a) come off, and
these form a secondary plexus (¢) nearer the surface, generally imme-
diately under the epithelium if the ending is in & membrane covered by
that tissue. Finally, from the secondary plexus nerve-fibrils proceed
and form a terminal plexus or ramification amongst the epithelium.
cells (fig. 106, p), the actual ending of the fibrils being generally in

little knob-like enlargements (b). Such a mode of ending in terminal
a2



F1a. 105,—SUB-EPITHELIAL PLEXUS OF THE CORNEA TREATED wIT \cnwmmc or
GoLp. (Ranvier.)

n, branch of primary plexus; a, small branch passing to join the sub-epithelial plexus, e,
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FtG, 106.~VERTICAL S8ECTION OF CORNEA STAINED WITH CHLORIDE OF GOLD.
(Ranvier.)

r pﬂmy plexus in connective tissue of cornea; 4, branch passing to sub-epithelial plexus, ¢;
’ , Intra-opithelial plexus ; 5, terminations of fibrils, Pl
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plexuses is most characteristically seen in the cornes of the eye. The
nerve-fibrils may be brought distinctly into view hy steining with
chioride of gold, and then the fibrillar structure of the ramifications of
the axis-cylinders also becomes very apparent.

a

U

F1a. 107.—NIRVI-ENDING IN MUSCULAR }IBRE 01 A 117AxD (Lacerta
viridis).

, end plate seen cdgeways, b from the surface, s s sarcolemma, p p, exrantion of axis-
cylinder, In b the expansion of the axis ¢ylider appears as o clear network branchng
from the divivions of the medullated fibres

F16. 108 —TERMINAL RAMTIICATIONS OF THI AXIS (Y1INDIR IN FAD-1IAIFY
OF MUSCLF, STAINED WIIH CHLORIDE OF Goib. (Ranvier.)

Ending of motor nerves.—Lastly the nerves to muscles also ter-
minate either in special organs or m plezuses. The latter 1s the case
with the nerves going to involuntary muscle, and here the primary
plexuses are generally furnished with ganghon-cells in abundance.
From these other nerve-fibres pass which form secondary plexuses and
terminal ramifications amongst the contractile fibre-cells. These
nerves will be more fully studied in connection with the intestine (see
Lesson XXIX.)
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In yoluntary mussle the nerves, which are always medullated, ter-
minate in special organs, the so-called end-plates. A medullated fibre
will branch two or three times before terminating, and then each
branch passes straight to a muscular fibre. Having reached this, the
primitive sheath of the nerve-fibre is continued into the sarcolemma of
the muscle, the medullary sheath stops short, and the axs-cylinder
ends in a close terminal ramification with varicosities upon its branches
(figs. 107, 108). This pamufication is embedded in & granular nucleated
protoplasmic mass which hies between the sarcolemma and the cross-
striated muscular substance. In some cases the ramufication is
restricted to & small portion of the muscular fibre, and forms with the
granular bed a slight prominence (eminence of Doyére). This 1s the
case 1» mammals, In the hzard the ramification 18 rather more
extended than in mammals, whilst 1n the frog 1t is spread over a
considerable length of the fibre.
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LESSON XX.
STRUCTURE OF THE LARGER BLOOD-VESSELS.

1. SEcTIONS of a medium-sized peripheral artery and vein. In this pre-
paration the limits of the vascular coats can be well seen and also the differ-
ences which they present in the arteries and veins respectively. The sections
may either be stained with hematoxylin and mounted in Canada balsam, or
they may be stained in dilute magenta and mounted in glycerine and water.

2. Mount in Canada balsamn a thin slice cut from the inner surface of an
artery which, after having been cut open longitudinally and washed with
distilled water, has been treated with nitrate of silver solution and exposed to
the light in spirit. This preparation will show the outhnes of the epithelioid
cells which line the yessel.

3. A piece of an artery which has been macerated for two or three days
in 80 per cent. alcohol (I part rectified spirit to two parts water) is to be
teased so as to isolate some of the muscular cells of the middle coat and
portions of the elastic layers (networks and fenestrated membranes) of the
mner and middle coats. The tissue may be stained cautiously with dilute
logwood solution, and glycerine afterwards added. The muscular cells are
recognisable by their irregular outline and long rod-shaped nucleus. Sketch
one or two and also a piece of fenestrated mewmbrane.

4. Transverse section of aorta. Notice the differences in structure
between this and the section of the smaller artery.

5. Transverse section of vena cava inferior. Notice the comparatively
thin layer of circular muscle, and outside this the thick layer of longitudinal
muscular bundles.

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

An artery is usually described as being composed of three coats,
an inaer or elastic, a middle or muscular, and an erternal or areolar
(fig. 109, b, ¢, d). It would, however, be more correct to describe the
wall of an artery as being composed of muscular and elastic tissue
lined internally by a pavement-epithelium and strengthened externally
by a layer of connective tissue. For the present, however, we may
adhere to the generally received mode of description. The inner coat
of an artery is composed of two principal layers. The inner one is a
thin layer of pavement-epithelium (often spoken of as the endothelium),
the cells of which are somewhat elongated in the direction of the axis
of the vessel (fig. 110), and form a smooth lining to the tube. After
death they become easily detached. Next to this comes an elastic
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layer in the form either of elastic networks or of a femestrated mem-
brane, In some arteries there is a layer of fine connective tissue in-
tervening between the epithelium and the fenestrated membrane (sub-
epithelial layer).

F16. 109.—TRANSVERSE SECIION OF PART OF THE WAIL OF THE POSTFRIOR TIBIAL
ARTFRY. (76 diameters.)

@, epithelial and sub epithelial layers of inner coat, b, elastic Ia\ er (fenestrated membrane) of
ner coat, appeariug as o bright line in section, ¢, mus ular laver (middle coat) , d outer
coat, consisting of connective-tissue bundles In the imterstices of the bundles are some
cottmecnw-maue nudley, and, especially near the mus(uln coat, a number ot elastic fibres
cut acruss

Fi1e. 110.~EPITHELIAL T1AYER IINING Fi16. 111 —PORTION OF FENFATRA-
1HF POSTFRIOR IINTAL ARIFRY. TFD M] MBRANF 1ROV AN ARTFRY,
(250 diameters.) (Toldt )
0, b, ¢, perforations,

The middle coat consists mainly of circularly disposed plain mus-
cular fibres, but it is also pervaded in most arteries by a network of
elastic fibres which are connectod with the fenestrated membrane of
the inner coat and are sometimes almost as much developed as the
muscular tissue itself, This 15 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 eoat is almost purely composed
of muscular tissue.
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The outer coat is formed of connective tissue with a good many
elastic fibres, especially next 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

Fia. 112.—~ELASTIC NET- Fi1c. 113.—~MUSCULAR FIBRE-CELLS FROW
WORK OF ARTERY. SUPFRIOR THYROID ARTERY. (340
(Toldt.) diameters.)
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F16. 114.—SKCTION OF THORACIC AORTA AS SEEN UNDER A Low PowkR. (Toldt.)

@, the inner coat consisting of three layers, viz. : 1. Epithelium scen as a fine line, 2. Sub-
epithelial, 8. Elastic layers. In the part of the inner coat, at its junction with the
middle, a layer of longitudinal muscular fibres is represented as cut across. b, middle coat
with {ts elastic membranes; ¢, outer cont with two vasa vasorum.

vessel. Its outer limit is not sharply marked, for it tends to blend

with the surrounding connective tissue (hence it has been termed

tunica adventitia). ’
Variations in structure.—The :aorta (fig. 114) differs in some
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respects in structure from an ordinary artery. Its inner coat contding
a considerable thickness of sub-epithelial connective tiszue, but its
elastic layers are chiefly composed of fine fibres, and are not espeeially
marked off from those of the middle coat, so that the inner and middle
coats appear almost blended with one another. On the other hand, there
is a very great developient of elastic tissue in the middle coat, this tissue
forming mewmbranous layers which alternate with layers of the mus-
cular tissue. A good gdeal of conneetive tissue also takes part in the
formation of the middle coat, so that the wall is 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 reference to the development and arrangement of the muscular
tissue. Thus in many of the larger arteries there are longitudinal
muscular fibres at the inner 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 umbilical arteries there is a com-
plete layer of longitudinal fibres internal to the circular fibres and
another external to them, whilst the amount of elastic tissue is very
small. Longitudinal fibres are also present in some other arteries
(iliac, superior mesenteric, splenic, renal, &c.), external to the circular
fibres, and therefore in the outer coat of the artery, , The larger
arteries themselves receive blood-vessels, vasa vasorum, »Lhich ramify
chiefly in the external coat. Nerves, derived for the most part from the
sympathetic system, are distributed to the muscular tissue of the
middle coat.

The veins (fig. 115) on the whole resemble the arteries in structure,
but they present certam differences. Tu the internal coat the same

L .

a2 %

Fia. 115.~~TRANSV ERSE SECTION OF PART OF THE WALL OF ONF Ok 1IIE POSTERIOR
TIBIAL VEINS (MAN).

a, epithehal and sub-epithelial layers of mnner coat , b, clastic layers of inner coat ; ¢, middle

coat consisting of irrogula: luyers of muscular tissue, alternating with connective tissue,
and passing somewhat gradually into the outer connective tissue and elastio coat, d,

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 coat (c) contains
less elastic tissue and also less muscular tissue, being partly occupied
by bundles of white connective-tissue fibres, These are derived
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from 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 valves, which are semilunar
folds of the internal coat strengthened by a little fibrous tissue : 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
nfore 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 varyin structure more than
do the arteries. In many veins longitudinal muscular fibres are found
in the inner part of the middle coat, as in the iliac, femoral, umbilical,
&c. ; in others they occur external to the circularly disposed fibres, and
are described as belonging to the outer coat. This is the case in the
inferior vena cava and also in the hepatic veins and in the portal vein
and its tributaries. In the superior and in the upper part of the inferior
vena cava the circular fibres of the middle coat are almost entirely
absent. The veins of the following parts have no muscular tissue,
viz. pia mater, brain and spmal cord, retina, bones, and the venous
sinuses of the dura mater and placenta.

It is only the larger vemns and especially those of the limbs that

ssess valves. They are wanting in most of the veins of the viscera,
in those within the cranium and vertebral canal, in the veins of the
bones, and in the umbilical vemn,
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LESSON XXI.
SMALLER BLOOD-VESSELS. LYMPHATIC SYSTEM.

1. TakE a piece of pia mater which has been stained with logwood, and
separate from it some of the small blood-vessels of which it is chiefly
composed. Mount the shreds in Farrant. The structure of the small
arteries can be studied in this preparation, the nuclei of the epithelium and
of the muscular coat being brought distinetly nto view by the logwood.
The veins, however, possess no muscular tissue. Capillary vessels which
have been dragged out from the brain in removing the pia mater may also
be seen in this preparation. Sketch two small arteries of different sizes,
giving also their measurements.

2. Mount in Canada balsam a piece of the omentum of the rabbit stained
with silver nitrate. The membrane should be stretched over a cork or a
plate of glass, rinsed with distilled water, treated for five minutes with 1 per
cent. mtrate of silver solution, again washed and exposed to the light in spirit.
‘When stained brown the spirit 18 replaced by oil :fp cloves. P ges may now
be cut off from the membiane and mounted, as directed, in Cs Aada balsam ;
they should include one or more blood-vessels.

This preparation is intended to show the epithelium of the smaller blood-
vessels and accompanying lymphatics and also the epithelium of the serous
membrane. Sketch a small piece showing the epithelium of the v essels.

8. Mount in Canada balsam a piece of the central tendon of the rabbit’s
diaphragm which has been similarly prepared (except that the pleural surface
has first been brushed to remove the superficial epithelium so as to enable
the nitrate of silver more readily to penetrate to the network of lymphatic
vessels underlying that surface). Observe the lymphatic plexus under a low
power ; sketch a portion of the network. If the peritoneal surface is focussed,
the epithelium which covers that surface will be seen, and opposite the clefts
between the radially disposed tendon-bundles stomata may be looked for in
this epithelium.

4, Carefully study the circulation of the blood either in the web of the
frog’s foot or in the mesentery or tongue of the frog or toad, or in the tail of
the tadpole.

The coals of the smaller 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 and an elastic
layer forming an inner coat, a middle coat of circularly disposed plain
muscular tissue, and & thin outer coat. The same differences also are
found between the arteries and veins, the walls of the veins being
thinner and containing far less muscular tissue (fig. 116), and the
lining epithelium-cells, much elongated in both vessels, are far longer
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and nm.'r;»wer in the small arteries than in the corresponding veins
(fig. 117).

In the smallest vessels it will be found that the elastic layer has dis-
appeared in the veins, and the muscular tissue is considerably reduced
in thickness in both kinds of vessels. Tndeed, it is soon represented
by but a single layer of contractile cells, and even these no longer
form a complete layer. By this time also, the outer coat and the
elgstic layer of the iuner coat have entirely disappeared both from
arteries and veins. The vessels are reduced, therefore, to the condition
of a tube formed of pavement epithelium cells, with a partial covering
of circularly disposed muscular cells.

Even in the smallest vessels, which are not capillaries, the differ.

c 40b a b B b

/ ,gmjﬁ-%é@o%%
/*% ) 0%0 Aa

!
0%
o I )01 W’lx’

F16. 116 —A SMAI1 ART¥RY, 4, WITH A CORRISPONDING VEIN, B, 1RFATLD WITH
ACFTIC AcID. (Magnified 850 diameters,)

a, external coat with elongated nuclei, b, nucler of the transverse muscular tissne of the

muddle coat (when seen endwise, as at the wides of the vessel, their outhme is circular),

¢, nucler of the epithclium-cells, d, elastic layers of the inner coat
ences between arteries and veins are still manifested. These differences
may be enumerated as follows :—The veins are larger than the corre-
sponding arteries; they branch at less acute angles; their muscular
cells are fewer, and their epithelium-cells less elongated ; the elastic
layer of the inner coat is always less marked, and sooner disappears.

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. 118) continuous with
those that line the arteries and veins; these cells can be exhibited by
staining a tissue with nitrate of silver. The capillaries vary somewhat
in gize and in the closeness of their meshes; their arrangement in



L THE ESSENTIALR OF HIBTOLOGY

diffevent parts, which is mainly determined by the disposition of the
tissue-elements, may best be studied 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
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¥16. 117.~A SMALL ARTERY, 4, AND VEIN, V, FROM 1HK SUBCUTANFOUS CONNECTIVE
TIBAUL OF THE RAT, TREATED WITH NI1RA1E Ok SILVER. (175 diameters.)

a, 4, epitheloid ocells with b, b, their nuclei, m, m, tranaverse markings due to staiming of
subetance between the muscular fibre-cells, ¢, ¢, nuclef of tive-tissue corpuscl
attached to exterior of vessel.

current is very rapid in the small arteries, somewhat less so in the
veins, and comparatively slow in the capillaries. The current is fastest
in the centre of the vessel, slowest near the wall (inert layer), and
with care it may be observed-—especially where there is any commen-
¢ing inflammation of the part, as in the mesentery in consequence of
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exposure——that the white blood-corpuscles, which always tend to
pass into the inert layer, and to adhere occasionally to the inner sur-

Fie 118.—CAPIILARY VLSSLLY  IROV Fia 119.—CAPILT ARY  BLOOD-
THE BLADDER Of IHK (AT, MAG- VESSILS IN Ik WKB OF A
NIFILD, 1ROG™S FOOL, AS SEEN WITH

™ .

The outlines of the  ells are stained hy nitrate FHE MICROSCOFE
of silver. The arrows indicate tlhe cour~e of the

blood,

{face of the blood-vessels, here and there pass through the coats of the
small vessels, and appear as mugratory cells in the surrounding
connective tissue.

LYMPHATIC SYSTEM.

To the lymphatic system belong not only the lymphatic vessels and
lymphatic glands, but also the cavities of the serous membranes, which
are moistened with lymph and are in open communication with the
lymphatic vessels 1n their parietes.

The larger lymphatic vessels somewhat resemble the veins in
structure, except that their coats are much thinner and their valves
much more numerous. In lymphatics of somewhat smaller size, the
wall of the vessel is formed, first, by a lining of pavement-epithelium
cells (endothelium of some authors), which are elongated in the direc-
tion of the axis of the vessel ; and, secondly, by a layer of circularly and
obliquely disposed muscular fibres. In the smallest vessels (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
thau in another, but have a characteristic wavy outline (fig. 121).

Lymphatics begin in two ways—either in the form of pleruses, as
in membranes (fig. 120), or as lacunar interstices, as is the case in
some of the viscera.
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In order to show the lymphatic vessels, it is generally necessary to
stain a tissue with nitrate of silver; but they may easily be in-
jected by sticking the nozzle of an injecting canula into any tissue
which contains them, and forcing coloured fluid under gentle pressure
into the interstices of the tissue.
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F1c. 120.—~LYMPHATIC PLEXUS OF CENTRAL TENDON OF DIAPHRAGM OF RABBIT,
. PLEURAL SIDE.

a, larger vessels with lanceolate cells and numerous valves; b, ¢, lymphatio capillaries with
: wavy-bordered cells. .

* In silvered preparations it may be observed that the lymphatics
always appear in the form of clear channels in the stained ground-sub
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Fie 121 —\ sMAUT 1ARL OF (HI TYMIHATIC I1FXLUS ON IHI PIRURAL STURKACE
o1 1H1 DIALHRAGY. (Magnificd 110 divmeters ) (Ranvia )

L, Iymphatic vesse]l with charnctastic epithelium ¢ cell spaces of the connective tissue,
here and thare wbutting against the 1ymph wac

F1o, 122,—~SWA11 PORI1ION OL 11 RI1IONL Al SURIAC1 OF DIAPHRAGW OF RABBLL, SLAINRD
WILH NTRATE OF SILVER TO SHOW THE SEROLS FPITHLIIUW

?, lymph-channel bclow the surfuce, lying hetwean tendon bundles 7 7, and over which the
surface cells a1c seen to be r1datively amnller, and to cxlubit five stomate s, ¢, leading
into the lymphatic The opithcliam of the Inmphatic ¢hanncl Is not represented.
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stanoe of the connective tissue, and that their walls are in close con-
nection with the cells and cell-spaces of that tissue. But, except in
the case of the serous membranes, there is no open communication
between the lymphatic vessels and the interstices (areols) of the con-
nective tissue.

Development of the blood-vessels and lymphatics.—The blood-
vossels and lymphatics are developed in the connective tissue or in the
mesoblastic tissue which precedes it, the first vessels being formed,in
the vascular area which surrounds the early embryo. Both kinds of
vessels are developed from cells (vaso-formative cells) which become
hollowed out by an accumulation of fluid in their protoplasm, and in
the case of developing blood-vessels coloured blood-corpuscles may also
be formoed within these cells (see Development of Blood-corpuscles,
Lesson II.) The cells branch and unite with one another to form a
network, and their cavities extend into the branches. In the mean-
time their nuclei multiply and become distributed along the branches,
cell-areas being subsequently marked out around them. In this way
intercommunicating vessels —capillaries containing blood or lymph—
are produced (fig. 128). Theso presently become connected with

Fre. 123.—I901 A11 D CAPILLARY NFIWORK FORMKED BY THF JUNCTION OF
SIVERAl HOTTOWED OUI CF1I8, AND (ON1AINING (OLOURLD BLOOD-COR-
PUSCLES IN A (LFAR 11UID.

¢, 1 hollow cell the onvity of which does not yet communicate with the network, p, p, pointed
cell-procesees, extending in differont dnec trons for union with neighbouring capillaries.

previously formed vessels, which extend themselves by sending out
sprouts, at first solid, and afterwards hollowed out. Itis not precisely
known whether the larger blood-vessels and lymphatics are developed
at first as capllaries, the muscular and other tissues being subsequently
added, or whether they are formed as clefts in the mesoblastic tissue
which become bounded by flattened cells.

The serous membranes, which may convemently be studied in con-
nection with the lymphatic system, are delicate membranes of connec-
tive tissue which surround and line the internal cavities of the body,
and are reflected over many of the thoracic and abdominal viscera; in
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passing fo which they form folds, within which blood-vessels, lymphatics,
and nerves pass to the viscera.

The inner surface is lined by & continuous layer of pavement-
epithelium (fig. 122), which is very distinet in nitrate of silver prepa-
rations. In some places there are apertures in the epithelium which
lead direct into subjacent lymphatic vessels. These apertures are called
stomata, and are surrounded by small protoplasmic cells (fig. 122, s, s).
They are most numerous upon the peritoneal surface of the diaphragm,
but are present in all serous membranes, and they serve to prevent any
undue accumulation of lymph within the serous cavity during health.
The pavement-epithclium rests upon a homogeneous basement-mem-
brane, which is cspecially well marked m the serous niembranes of
man, The rest of the thickness of the membraue 18 composed of con-
nective tissue, with a network of finc clastic fibres near the inner
surface.

The cavities of the scrous membraues are orignally formed in the
embryo as a cleft in the mesoblast (pleuro-peritoneal spht) which
becomes lined with epithelium, and its wall eventually becomes dif-
ferentiated mto the serous membrane.

The synovial membranes, which aie often compaied with the
serous membranes, and are mdeed, like the latter, connective tissue
membranes which bound closed cavities moistened with flmad, are not
s0 intimately connected with the lymphatic system, nor 1s the fluid
(synovia) which moistens them of the nature ot lymph. Moreover, it
is only here and there that there 13 a linmng of epitheliumn-like cells, m
place of the contimuous hning of epithellum wluch we find in the
gerous membranes. Curious villus-like projections occur m many
parts ; they are 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.
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LESSON XXIIL
LYMPHATIC GLANDS, TONSIL, THYMUS.

1. 8ectIoNS of a lymphatic gland which has been stained in bulk with magenta
and embedded in paraflin.! 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
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.

2. In sections of tonsil prepared similarly to those of the ly; tphatic gland,
notice the large amount of lymphoid tissue only imperfectly g())llected into
nodules. Observe also that the stratified epithelinm, which covers the mucous
membrane here as elsewhere in the mouth, is infiltrated with lymph-cor-

uscles. Here and there pit-like recesses may be et with glands opening
into the pits.

" 8. A similar })repamtion of the thymus gland of an infant. Notice that
the masses of lymphoid tissue which formx the lobules of the gland are
separated by septa of connective tissue, and that they show a distinction into
two parts, cortical and medullary. Observe the differences of structure of

these two parts, and especially notice the concentric corpuscles 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 ortwo concentrie corpuscles.
Measure the latter.

Struoture of a lymphatic gland.—A lymphatic gland is composed
of & fibrous and muscular framework, which encloses 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. 124, c), and of trabecule (¢r), which pass at intervals inwards
from the capsule, and after traversing the cortex of the gland divide
and rennite with one another so as to form a network of fibrous bands.
At one part of the gland there is usually a depression (hilus), and at

“the bottom of this the medulla comes to the surface and its fibrous
bands are directly continuous with the capsule.

! See Appendix.
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Fi:. 124, ~DIAGRAMMATIC SKCTION OF LYMPHATIC GLAND.

a. l. afferent, ¢, 1. efferent lymphatics ; €, cortical substance ; M, reticulating cords of medullary
substance ; J.s Jymph-sinus ; ¢, fibrous coat sending trabecule, /7, into the substance of the gland.

F16. 125.—8ECTION OF THE MEDULLARY BUBSTANCE OF A LYMPHATIC GLAND (0X),
(800 diameters.)

a, o, @, lympheid cords ; ¢, lymph-sinus; 3, b, trabeculee; d, d, capillary blood-vessels,
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The proper glandular substance (I h.) is composed of lymphoid
tissue, 4.0. & fine reticulam with the meshes thickly ocoupied by lymph-
corpuscles. It occupies all the interstices of the gland, forming com-
paratively large rounded masses in the cortex (lymphoid nodules, C)
between the trabeculess, and smaller reticulating cord-like masses
(lymphoid cords, M)in the medulla.

The cells which bridge across the lymph-channel in the medulla
(fig. 125, ¢) are branching nucleated cells which often contain pigment,
80 that this part of the gland has a dark colour. The lymph-channel
is bridged across not only by these, but also by fibres derived from the
capsule and trabeculs, which pass to the lymphoid tissue and become
lost in its reticulum. But these fibres are often covered and concealed
by the branched cells.

Lymphatic vessels (fig. 124, a. l.) enter the lymph-channels after
passing through the capsule, and the lymph is conveyed slowly along
the channels of the cortical and medullary part towards the hilus,
taking up many lymph-corpuscles in its passage. At the hilus it is
gathered up by an efferent vessel or vessels (. I.) which take origin in
the lymph-sinuses of the medulla.

An artery passes into each gland at the hilus; its branches are
conveyed at first along the fibrous cords, but soon pass into the
Iymphoid tissue, where they break up into capillarics (fig. 125, d).
The blood is returned by small veins, which are conducted along the
fibrous trabeculr to the hilus again. \

F1a. 126,—A LOBULL O IHE FHYMUS OI A CHUD A$ SEEN UNDLR A LOW POWER.
¢, cortex, M, medulla ; ¢, concentric corpusoles ; b, blovd-vessels; ¢/, trabeculse.

The thymus gland is a lymphoid organ which is found only in the
embryo and during infaney. It is composed of a number of larger and
smaller lobules (fig. 126), which are separated from one another by
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sepia of connective tissue, along which the blood-vessels and lymplatics
pass to and from the lobules. Each lobule shows plainly, when
examined with the low power, a distinction into an outer cortical and
an inner medullary portion. The cortical part of the lobule is imper-
feotly divided into nodules by trabeculss of connective tissue, and is
very similar in structure to the lymphoid tissue of the lymphatic
glands and tousils, but the medulla is more open in its texture, and
the reticulum is composed of larger, more transparent, flattened cells,
and contains fewer lymph-corpuscles. Moreover, there are found in
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Fio 127.—ELLMENIS oF 1nk rayMus, (300 diameters.) ((‘adat)
a, lymph-corpuscles; b, concentric corpuscle.

the medulla peculiar concentrically striated bodies (the concentiic cor-
puscles, fig. 127), which are usually composed of a number of flattened
cells arranged concentrically around one or more central cells. Some-
times these corpuscles are compound, two or three being grouped
together and similarly enclosed by flattened cells. The lymphoid
tissue is abundantly supplied with capillary blood-vessels, and large
lymphatic vessels issue from the organ, but in what way the latter are
connected with the lobules has not been ascertained.

Lymphoid tissue occurs in many other parts of the body in addition
to the lymphatic glands, tonsils, and thymus gland, although 1t may
not, as in these structures, constitute the bulk of the organ., Thus itis
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 spleen also a large amount of lymphoid tissue is found sheathing
the smaller arteries, and also expanded into nodular masses (Malpighian
corpuscles of the spleen). In these organs it will, however, be studied
in subsequent Lessons.

Lymphoid tissue also occurs in considerable amount in the serous
membranes, especially in young animals; in the adult it is often trans-
formed into adipose tissue. The tissue is generally developed in con-
nection with lymphatic vessels, an accumulation of retiform tissue and
lymph-cells taking place either external to and around the lymphatic
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{perilymphatic noduls) ; or the lymphatic is dilated into a sinus and

~

Fig 128.—~D¥VEIOPING 1YMPHALI(C NODUIEKS, FROV FHL OMLNIUM OF A GUINEA-
PLGe.

A, perilymphatic nodule; a, lymphatic vessel, ¢, part of 1ts epithchial wall, seen 1n optiocrl
section , €, lymph-corpuscles within the vessel , 8, lymphoid tissue of the nodule, d, blood-
oupillaries, B, endolymphitic nodnle, a, vein, b, artery , ¢ capillaries, d, a lymphatic
vessel, 1n which this whole system of blood vessels is enclosed , ¢, lymphoid tissue within
the lymphatic vessel, 7, wall of the lymphatic in optical section

the formation of lymphoid tissue oecurs within it \Zmdolympha,tic
nodule) (see fig. 128).
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LESSON XXIII.
THE SKIN.

1. SeotioNs of skin from the palmar surface of the fingers. The sections
are to be made vertical to the surface, and should extend down as far as the
subcutaneous tissue. They may be stainod with logwood or picro-carmne
and mounted in Canada balsaimn. In these sections notice the layers of the
epidermis and their different behaviour to the staining fluid. Notice also the
papillic projecting from the corium into the epidermis, and look for tactile
corpuscles within them. In very thin parts of the sections the fine inter-
cellular channels in the deeper parts of t}w epithelium (see Tesson VI. p.22)
ms?7 be seen with a high power. The convoluted tubes of the sweat-glands
will be seen here and there in the deeper parts of the corium, and in thick
sections the corkscrew-like channels by which the sweat is conducted through
the epidermis may also be observed. Make a sketch showing the goneral
structure nnder a low power, and other sketches to exhibit the most important
details under a high power. Moeasgure the thickness of the epidermis and the
length of the papille.

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 structure of the hairs.

In these preparations the details of structure of the hairs and hair-follicles
together with the sebaceous glands and the little musecles of the hair-follicles
are to be made out.

8. Vertical sections across the nail and nail-bed, cut with a strong
scalpel or razor. The sections are stamed with hematoxylin or picro-carmine.
Notice the nidges (not papille) of the corium projecting into the epidermis.
Observe also the distinction of the eprdermis into Malpighian layer and nail
proper.

4. Mount in Canada balsanm a section from a portion of skin of which the
bloed-vesrels have been injected, and notice the distribution of the capillaries
to the sweat-glands, to the hair-follicles, and to the papulary surface of the
corium.

The skin is composed of two parts, epidermis and cutis vera.

The epidermis, or scarf skin, is a stratified epithelium (fig. 129).
It is composed of a number of layers of cells, the deeper of which are
soft and protoplasmie, and form the rete mucosum of Malpighi, whilst
the superficial layers are hard and horny; this horny portion some-
times constituting the greater part of the thickness of the epidermis.
The doepest cells of the rete mucosum, which are set on the surface of
the cutis Vera, are columnar (fig. 129, ¢} in shape. In the coloured
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raoes of menkind these cells contain pigment-granunles. In the layers
immedately above them the cells are polyhedral (fig. 129, p). Between
all these cells of the rete mucosum there are Sne mtercellular clefts
which separate the cells from one another, but are bridged across by
fine fibres, which pass from ecell to cell. The intercellular channels
serve for the passage of lymph, and within them occasional lymph-
corpuscles may be found, often having a stellate figure from compres-
sion. The most superficial layer of the rete mucosum 1s formed of
somewhat flattened granular cells (stratum granulosum, s gr). Im.

Fie 129 —S1 (110N O F1IDIRMIS

H horny layer oconsawting of s superficial horny scales sw ewollen out horny ocells s
stratum lucsdum M retc muc sum cr Malpigl 1 layer conaisting of p prickle eclls
severul rowms desp ¢ elongatel cells forming a sogle stratum n ar the cornmun  and ¢ g7
stratumn granulosum of Langerbans just below the stratum laadum  # part of & jlexus
of nerve fibres 10 the suyerficial laycr ot the cutis very  From tlus pleaus fine viricose
nerve fibrils moy be traced pussng up between the ejithchum cclly of the Malpighian
layer

mediately above this layer, the horny part of the epidermis commences,
as & layer of clear compressed cells several deep (stratum lucidum, s.l.).
Above this comes the main part of the horny layer. It 1s composed of
s number of layers of somewhat swollen cells (sw.), the nueclei of
which are no longer visible. These cells become flatter as they
approach the surface, where they eventually become detached in the
form of thin horny scales (s).

The growth of the epidermus takes place by a multiphication of the
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vells of the deeper layers. The newly formed cells, as they grow, push
towards the surface those which were previously forned, and in their
progress the latter undergo a chemical transformation, which converts
their protoplasm into horny material. This change seems to occur
at the stratum granulosum (see fig. 180) ; the granules which oecupy
the cells of that layer being composed of & substance termed eleidin,
whioch is transformed into keratin,

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. 129).

Fit:. 130,—~PoR1ION OI FPIDLRMIS FROM A SECIION OF FHE SRIN OF IHF
}INGLR, COLOURED WIIIL PICROCARMINATE Of AMMONIA. (Ranvier.)

a, stratom corneum ; b stratum luuidum with diffused flakes of eleidin ; ¢, stratum granu-
losum, the cells filled with drops of eleidn, d prickle-cells, ¢, dentate projections by
which the decpest cells of the eprdermis are fixed to the cutis vern,

The cutis vera or corium is composed of dense connective tissue,
which becomes more open and reticular in its texture in its deeper
part, where 1t merges into the subcutaneous tissue. The superficial or
vascular layer of the corium bears minute papille, which project up
into the epidermis, which is moulded over them. These papille for
the most part contain looped capillary vessels (fig. 187), 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. 97, ).

In some parts of the body (scrotum, penis, nipple, and areola),
involuntary muscular tissue occurs in the deeper portions of the cutis
vers, 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
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into the papille. 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.

The lymphatics originate near the surface in a network of vessels,
whieh is placed a little deeper than the blood-capillary network. They
receive branches from the papillee, 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 subcutaneous tissue.

The appendages of the skin are the nails, the hairs, with their
sebaceous glands and the sweat-glands. They are all developed
as thickenings and downgrowths of the Malpighian layer of the epi-
dermis.

F1ro, 131.—8EC110N ACROSS JHE NAIL AND MAIL-BLD, (100 diameters.)
(Heitzmann.)

P, ridges with blood-vessels , B, rete mucosum ; W, nail.

The nails are thickenings of the stratum lucidum of the epidermis,
which are developed over a specially modified portion of the corium,
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 g8 the nail-groove. The distal part of the nail forms the free
border, and is the thickest part of the body of the nail. The horny
substance of the nail (fig. 181, N) is composed of clear horny cells,
each containing the remains of a nucleus ; it rests immediately upon
& Malpighian layer (B) similar to that which is found in the epidermis
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generally. The corium of the nail-bed is beset with longitudinal
ridges ijnstead of the papille which aro present over the rest of the
gkin; these, like the rest of the superficial part of the corium, are
extremely vasoular. The nails are developed in the feetus at about
the third month, the groove being formed at this time in the corium,
and the nail-rudiment appearing in it as a thickening of the stratum
lucidum, which extends forward over the bed. It becomes free in the
sixth month, its free end being at first thin, but as it grows forward
over the bed it appears to receive additions on its under surface, so
that after a time the distal part becomes the thicker. The superficial
layers of the cuticle which originally covered the developing nail become
detached, and, after birth, only remain as the narrow border of cuticle
which overlies the lunula.

The hairs are growths of the epidermis, which are developed in
listle pits—the hasr-follicles—which eatend downwards into the deeper
part of the corium, or even into the subcutaneous tissue. The hair
grows from the bottom of the follicle, the part which thus lies within
the follicle being known as the root.

The substance of a hair is mainly composed of a pigmented, horny,
fibrous material (fig. 182, f), which can be scparated by the action
of sulphuric acid into long tapering cells, the nuclei of which are
still visible. This fibrous substanee of the hair is covered by a layer
of delicate imbricated scalos termed the kasr cuticle (¢). Inmany hairs,
but not in all, the centre is occupied by a dark-looking axial substance
(medulla, m), formed of angular cells whieh contain granuloes of eleidin,
particles of dark pigment, and frequently 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 700t has
the same structure as the body of the hair, oxcept at its extremity,
which is enlarged into a knob (fig. 188, b); this is composed mainly
of soft, growing cells, and fits over a vascular papilla ( p), which pro-
jects up into the bottom of the follicle. The follicle, like the skin
itself, of which it is a recess, is eomposed 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 withit; hence it is known as the root-sheath. It consists
of an outer layer of soft columnar and polyhedral cells, like the Mal-
pighian layer of the epidermis—the outer root-sheath (figs. 183, f;
184, ¢) ; and of an inner, thinner, hoiny stratum next the hair—the
inner root-sheath (figs. 138, g; 184, f). The inner root-sheath itsclf
consists of three layers, the outermost being composed of oblong cells
without, nuclei (Henle's layer), the next of flattened polyhedral nu-
cleated cells (Hurley’s layer), and the third—the cuticle of the root-
sheath—being a thin layer of downwardly imbricated scales, which fit
ovet the upwardly imbricated scales of the hair itself.

The connective tissue or dermic part of the hair-follicle (fig. 184,
a, ¢, d) is composed internally of a vascular layer, separated from the
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Fiu. 132—~Pik(E OF HUMAN
HAIR. (Magnified.)

A, seen from the surface, B, in
optical section. ¢, cuttele, 7,
tibrous substance; m, medulla,
the air having been expelled by
Canada bal<am.

F1q. 184.—81( I'ON OF HAIR-
FOLLICIF, Fic. 183.—HAIR-F OLLI(LF IN LONGITUDINAL

1, detmic coat of follicle; 2, em- SHCLION:
dermic coat or root-sheath, a, g, mouth of follicle, b neek, ¢ hulb, d, ¢, dermic
outer layer of dermic coat, with woat , 7, outer root-sheath , g, inner root -heath ;
blood-vessels, b, b, cut acrose, o, h, hair; &, its medulla; {, hair-knob, m, adipose
middle layer, d, inner or hyaline tissue, #, hawr-musole, o, papilia of <kin; p,
mz H r:;o g:m :I;mt-iheggllélz, g; mgems rggt h:]:r ;t).‘:’ rete ﬁauoosum, continuous with
5 g auter 2 4 g4
e, e cath, en, horny layer; ¢, sebaceous
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root-gheath 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 hyaline layer.
Externally the dermic coat of the follicle has
a more open texture, corresponding to the reti-
cular part of the cutis, and containing 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, 8o as to pro-
duce a kind of erectile structure.

The hair grows from the bottom of the follicle
by multiplication of the soft cells which cover the
papilla, these cells becoming elongated to form the
fibres of the fibrous substance, and otherwise modi-
fied to produce the medulla and cuticle.

When a hair is eradicated, a new hair is pro-
duced from these cells. 1t is not uncommon to find
hair-follicles in which the whole of the lower part
has degenerated in such a way that the vascular
papilla, and the soft, growing cells which cover it,
may have entirely disappeared. The hair then
ceases to grow, and eventually becomes lost, but
its place may be again supplied by a new hair,
which becomes formed in a downgrowth from
either the bottom or the side of the hair-follicle, a
new papilla first becoming formed at the extremity
of the downgrowth (fig. 135). If not previously
detached, the old hair may be pushed from out the
follicle by the one which replaces 1t.

The hairs are originally developed i the embryo
in the form of small solid downgrowths from the
Malpighian layer of the epidermis (fig. 186, A).
The hair-rudiment, as it is called, is at first com-
posed entirely of soft, growing cells ; but presently
thoso in the centre become differentiated, so as to
produce & minute hair invested by inner root-
sheath, and its base resting upon a papilla which
has grown up into the extremity of the hair-rudi-
ment from the corium (fig. 186, B). As the
minute hair grows, it pushes its way through the
superficial layers of the epidermis, which it finally
perforates (C). 'The hair-rudiments commence at
the third or fourth month of feetal life; their
growth is completed about the fifth or sixih
month, and they form a completo hairy covering

R

TRNES

Fia. 185.—~CoMMEN-
(ING RLPLACEMENT
or OLD BY NEW
HAIR. (Toldt.)

a, outer root-sheath; &,
dermic cost of follicle ;
f, downgrowth of epi-
thelwum to form new
heir-follicle ; p, papilla
of new hair commen-
omg ; 5, root of old hair ;
t, duct of sebaoeons
gland,
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teérmed the lanugo. This is entirely shed within a few months of birth,
the new hairs being formed in downgrowths 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 feet, and on the distal phalanges of the fingers and toes. They

Fie 136,

A. Hamr-rudiment from an embrio of 9x warks o, horny, and b, mucous or Maulpghin
faver of cutiele , 7, bascment wwbrane 2 _cclls, some of which are assuming an oblong
figure which chiefly form the tutuie hmr B Hunl rudiment, with the voung hair formed
but not yet 11sen throngh the cuticle. o, hoany, b Malpighian layer of ¢prdorims, ¢, ontar,
d nner, root-sheath , ¢, kair knob 7, stem, vl # pomt ot the hur, & haw-papilla,
n, 2, commencing rebaccous follickes € }LJr follrcde with the hadr jnst protruded

usually slant, and in the negro the hair-follicles are cven considerably
curved. On the scalp they are set in groups, as 1s well seen in & hori.
zontal section.

The hairs of animals are often curiously marked by the arrange-
ment of their medulla, the markings being often characteristie of the
particular species.

Muscles of the hairs.—A bundle of plain muscular tissue is attached
to each hair-follicle ; passing from the superficial part of the corium, on
the side to which the hair slopes, obliquely downwards, to be attached
near the bottom of the follicle (arrecfor puli, fig. 188, n). When the
muscle contracts, the hair becomes erected, and the follicle is dragged
upwards so as to cause a prominence on the general surface of the
gkin ; whilst the part of the corium from which the little muscle arises
is eorrespondingly depressed; the roughened condition known as
v goose skin ’ being in this way produced.

The ssbaceous glands (fig. 188, ) are small saccular glands, the
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ducts from which open into the mouths of the hair-follicles. Both the
duct and the saccules are lined by epithelium, which becomes charged
with fatty matter. This sebaccous matter is discharged into the cavity
of the saccule, probably owing to the disintegration of the cells within
which it is formed. There may be two or more sebaceous glands
attached to each follicle.

The sebaceous glands are developed as oulgrowils from the outer
root-sheath.

The sweat-glands are abundaunt over the whole skin, but they are
most numerous on the palm of the hand and on the sole of the foot.
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 corhscrew-like channels which picrce the eprdermis (fig. 187).

F1e. 187.=Dtc1 01 A 8WIE A1-G1 AND PASSING 1HROUGH THE EPIDERMIS,
(Magmtbed 200 diameters.)  (IHHertzmann.)

B, papillic with blood vessels myccted, 1 orote nimcosumn hetween the papille ; £, stratmn
corneun , 'L, stratum o1 wmulorum, 2, duct, opaming on the surtace nt 2

The glandular or secreting tube is & convoluted tube composed of
a basement-membrane lined by a single layer of cubical or columnar
epithelium-cells, and with a layer of longitudinally disposed plain
muscular fibres between the epithelivmn and basement-membiane.
It is considerably larger than the effeient tube or duct, which begins
within the gland and usually makes several convolutions before leaving
this to traverse the cutis vera. The efferent tube has an epithelium
consisting of two or three laycrs 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 epithelium-cells.

The ceruminous glands of the ear are modified sweat-glands.
1
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The sweat-glands are developed, like the hairs, from downgrowths
of the Malpighian layer of the epidermis into the corium, the rudi-

16, 18R—BFCIION OF A SWFAI-GLAND IN 1HL SKIN O MA.

a, 1, secreting tubes m section , b, a tube seen from above , ¢ ¢, cftera {tubes, d, inter-
tubular connective tissue with blood-vessels. 1, basemnent membruhe, 2, muscular
fibres cut a( ross, 3, secreting epithchium of & tubule.

ments which are thus formed becoming eventually coiled up at their
extremities and converted into hollow tubes.

The sweat-glands receive nerve-fibres, and each gland has a special
cluster of capillary blood-vessels.
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LESSON XXIV.
STRUCTURE OF THE HEART.

1. IN a section through the wall of the auricle which has been stained with
magenta and mounted in glycerine, 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
u}xlllder both the pericardium and endocardium. Make a general sketch from
this section.

2. Section through the wall of the ventricle, stained with logwood and
mounted in Canada balsam. The muscular fibres are variously cut. In
those cut longitudinally, notice the branching of the fibres and their union
into a network. Notice also that although the fibres are cross-striated this is
less distinet than in voluntary muscle, and the nuclei lie in the centre of each
fibre. Transversc markings may also be seen passing across the fibres
between the nuclei and indicating a division into cells. The endocardium is
very thin, especially over the columnw carnete.

3. The lymphatics of the hoart are oasily injectod with Berlin blue by
sticking the nozzle of the injecting syringe into the muscular substance, in
the interstices of which the lymphatics arise. These commencing lymphatics
lead to efferent vessels which puss to the base of the heart under the epi-
cardium,

4. Section through one of the valves of the heart, stained and mounted
as preparation 2.

5. The epithelium which covers the epicardium, and that which lines the
endocardium, may be studied in preparations of the fresh organ which have
been treated with nitrate of silver and subsequently exposed to the light and
hardened in aleohol.

The muscular substance of the heart (myocardium) is composed of
transversely striated muscular fibres (fig. 189), which differ from those
of voluntary muscle in the following particulars : their striations are
less distinet ; they have no sarcolemma ; they branch and unite with
neighbouring fibres, and their nuclei lie in the centre of the fibres.
Moreover, the fibres are composed of a scries of short cylindrical cells
(fig. 140) joined together end to end, each corresponding to one of the
nuclei. The lines of junction of these cells may sometimes be seen in
longitudinal sections stained with hematoxylin or magenta ; but they
come much more distinctly into view in sections of the fresh tissue

stained with nitrate of silver.
12
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In the interstices of the muscular tissue there is a little areolar
tissue in which run the very numerous blood-capillaries and the
lacunar lymphatics.

F16. 189.—~MUSCULAR FIBRES FROM THE Fic. 140,—SIX MUSCULAR FIBRE-CELLS
HEART, MAGNIFILD, SHOWING THEIR rroM THE HEART, (Magnified 425
CROSS-STRLE, DIVINONS, AND JUNC- diameters.)

TIONS,

@, line of junction between two cells; b, ¢,
The nuclei and cell-junctions are only repre- branching of cells.
gented on the rght-hand side of the figure,

F16, 141,—SECTION OF THE EPICALDIUM OF THE RIGHT AURICLE.

a, serous epithelium in section ; b, connective-tissue layer; ¢, elastic network ; d, subserous
areolar tissuc; e, fat; f, rection of a blood-vessel ; g, a small ganglion; A, muscular
fibres of the myocardium ; 4, intermuscular areolar tissue,

" The myocardium is covered externally by a layer of serous mem-
brane—the epicardium (cardiac pericardium, fig. 141)--composed, like
other serous membranes, of connective tissue and elastic fibres, the
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latter being most numerous 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 endocardium (fig. 142) has a structure not very unlike the
pericardium. It is lined by a pavement-epithelium, like the epithelium
of a serous membrane, and consists of connective tissue with elastic
fibres in its deeper part, between which there may, in some parts, be

Fi16, 142~SF(1ION OI 1ML 1\DOCAR-
DIUM OF IHE RIGHI AURI(LFK.

a, lining epithelium , b, connective tissuc with
fine elastic fibres, ¢ Iaya with couwr
clastic fibres 3 d sub endocirdial conncctive
tissue continuous with the intermuscular
tisaue of the myociwrdium, 4 wnscular
fibres of the myocardium , 2, plun muscu
Inr tissue m the endocardiam

Fi6 143 =81 (110N THPOLGI ONI OF
1HF ILAPS Ol III1 AORII VAIVE,
AND PARL Ol 1HE CORKISPONDING
SINUS OF VAISAIVA, WIIH IHE AD-
JOINING PAR1 OI 1HI VENLKICULAR
WALL,

a, endoeardinm, prolonged over the valve &,
sub endocrdid tissue ¢ hbrous tissue of
the valve thickened ite! now the free cdgze ,
d, section of the lunuly, ¢ section of the
fibrous ring, /, muscular fibres of the ven-
tricle attac hed to 1t ¢, loosc areol or tissue
at the basc of the wventrucde, s V' <mus
Valsalva , 1, 2, 3, mncr, middl, and enter
coats of the aorta.

found a few plain muscular fibres, Fat is sometimes met with under
the endocardium.

In some animals, e.g. the sheep, and sometimes also in man, large
beaded fibres are found under the endocardium. 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 tissue ; they are known as the fibres of Purkinge.

The valves of the heart are formed of folds of the endocardium
strengthened by fibrous tissue (fig. 148). This tissue forns a thicken-
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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.

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. 141, g). Their
branches pass to the muscular substance, but their mode of termina-
tion has not been ascertained.
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LESSON XXYV.
THE TRACHEA AND LUNGS.

1. In sections of trachea, stained with logwood or borax-carmine, and mounted
in Canada balsam, notice the ciliated epithelium, the basement-membrane
(of some thickness in the human trachea), the lymphoid tissue of the mucous
membrane, the elastic tissue external to this, and lastly the fibrous membrane
containing the cartilages. In the mnucous membrane and submucous areolar
tissue look for sections of mucous glands, ducts of which may be seen opening
on the surface. At tho back of the trachea notice the plain muscular fibres
transverscly arranged ; there may be larger mucous glands external to these.

2. In sections of lung similarly prepared, notice the sections of the alveoli
collected into groups (infundibula). TFind sections of bronchial tubes,
some cut longitudinally and passing at their extremities into the infundibula,
othors cut across; the latter show the structure of the tubes best. In each
tube notice the ciliated epithelium internally. Next to this the mmeous
membrane containing numerous eclastic fibres and often thrown into folds ;
then the layer of eircular muscular fibres, and outside this, loose fibrous tissue
in which in Jarger bronchial tubes the picces of cartilage may be seen embedded.
Small mucous glands may also be observed in the fibrous tissue sending their
ducts through the other layers to open on the inner surface. Notice always
accompanymg a section of a bronchial tube the section of a branch of the
pulmonary artery.

In the sections of the alveoli obgerve the eapillary vessels passing from
one side to the other of the interyening septa; and in places where the thin
wall of an alveclus is to be seen in the section, try and make out the net-
work of blood-capillaries upon it. Notice within the alveoli nucleated cor-
puscles which very frequently contain dark particles in their protoplasm.
They appear to be amaboid cells which have migrated from the blood-vessels
and have taken in inhaled particles of carbon. They seemn to pass back into
the lung tissue, for similar cells may be seen in this. Make a sketch of part
of the wall of a bronchial tube and of one or two of the alveoli.

3. Mount in Canada 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 adjoinng alveoli.

The trachea or windpipe is a fibrous and muscular tube, the wall
of which is rendered somewhat rigid by ¢-shaped hoops of cartilage
which are embedded in the fibrous tissue. The muscular tissue, which
is of the plain variety, forms a flat band, the fibres of which run trans-
versely at the back of the tube The trachea is lined by a mucous
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membrane (fig. 144, a—c), which has a ciliated epithelium upon its
inner sarface. The epithelium-cells have been already desoribed
(Lesson VIL); they rest upon a thick basement-membrane. The
mucous membrane proper consists of areolar and lymphoid tissue, and
containg numerous blood-vessels and lymphatics. In its deepest part
is a well-marked layer of longitudinal elastic fibres (d). Many small
glands 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

AT
i E

Fi16. 144,—LONGITUDINAL SECTION OF THE HUMAN TRACHEA, INCLUDING PORTIONS
OF TWO CARTILAGINOU# RINGS. (Moderately magnified.)

a, ciliated epithelium ; b, basement-membrane ; ¢, superficial part of the mncous membrane,
containing the sections of numerous capillary blood-vessels and much lymphoid tissue ; d,
deeper part of the mucous membrane, consisting mainly of elastic fibres; ¢, submucous
areolar tissue, containing the larger blood-vessels, small mucous glands (their ducts and
alveol1 are seen in section), fat, &c. ; 7, fibrous tissue investing and nmting the cartilages ;
¢, & small mass of adipose tissue in the fibrous layer ; A, cartilage.

areolar tissue (e), or, lastly, at the back of the trachea, outside the
transverse muscular fibres.

The two divisions of the trachea, the bronchi, are precisely similar
in structure.

The larynx is also very like the trachea so far as the structure of
the mucous membrane is concerned, but over the true vocal cords and
upon the epiglottis, as well as here and there in the part above the
glottis, stratified epithelium is found, and taste-buds (see Lesson
XXYVI.) may oceur in this epithelium, except over the vocal cords.
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The lymphoid tissue is especially abundant in the mucous mem-
brane of the ventricle of Morgagni, 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.

The cartilages of the trachea aud larynx are hyaline, except the
epiglottis and the cartilages of Santorim and of Wrisberg, which are
composed of elastic fibro-cartilage.

~
—
F16. 145 —DIAGRAMMAIIC LFIRISINIAITON O 1HF TNDING OT A
BRONCHIAL IUBI IN SACCUIALID INIUNDIBULA,

The lungs are formed by the ramifications of the bronchial tubes
and their terminal cvpansions, which form groups of sacenlated dila-
tations (unfundibula), beset everywhere with small hemispherical
bulgings, known as the air-cells o1 pulmonay alveols.

F16 146.—PORTION OF A 1RAMVERSE SFCIION 01 A BRONCHIAL 1UBIY, HIUVAN,
6 MM, IN pravrire, (Magmfied 50 diameters.)

a, cartilnge and fibrous layer with mucous glands, and 1n the outer pamt, a little fat ; in the
middle, the duot of A gland opens on the inner sutiace of the tube, b annular luyer of
mvoluntary muscular fibres, ¢, elastic layer, the clactic fibres 1w bundles wlaoh arc seen
cut aoross, d, colummnar cihnted epithclinm,

The bronchial tubes (figs. 146, 147) are lined in their whole
\extent by ciliated epithelium which rests on a basement-memb.ra.ne.
Ixternal to this is the corium of the mucous membrane, containing a
large number of longitudinal elatic fibres and some lymphoid tissue.
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Outside this again is a complete layer of plain muscular fibres encireling
the tube. Next comes a loose fibrous layer in which, in the larger
tubes (fig. 146), small plates of cartilage are embedded. Mucous
glands are also present in this tissue.

Ii.. 117—SFC110N OF A SVALL BRONCHIAL 11Dl IROM THI PIG’S 11AG.
(This section 18 much more magmficd than that 1epresented in the previous

figme.)
a, Sbrous laver , b, musenlar laycr, +, mucous membiane m mgntudinal m‘d-, with nanier-
ous lngtudinally rumung cdastic fibres cut across, d cilitad ¢pmthelinm, 7, surround-
mg alveoli.

The smallest bronchial tubes, which are about to expand into the
infundibula, gradually lose the distinctness of the several layers, their
wall at the same time being greatly thinned out and becoming bulged
to form the alveoli. The epithellum also becomes changed; from
columnar and ciliated it becomes cubical and non cihated.

In the alveoli themselves, besides small groups of cubical cells,
there are large irregular flattened cells (fig. 148) which form an
extremely delicate layer, separating the blood-capillaries from the air
within the alveoli. The capillary network of the alveoli is very
close (fig. 149), and the capillary vesscls of adjoining alveoli are in
complete continuity, the vesscls passing first to ono side and then to
the other of the septa which separate the adjacent alveol.

DBlood-vessels.—DBranches 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 veins
which, pursuing a separate course through the tissue of the lung, join
in their course with others to form larger vessels which pass to the
hilus. Branches from the bronchial arteries are distributed to the
walls of the bronchial tubes, and to the connective tissue of the lung.
This tissue intervenes everywhere in small quantity belween the in-
fundibula (interstitial tissue), and forms a distinet layer, containing
much elastic tissue, covering the surface of the lung underneath the
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F16 148 —SE(TION OF I ART OI €AI S ITUNC, STAINID WITH NITRATF OF SITVER.
Ihe small granuln ani the hree flattened (s of the alvol ate shown  In the middle s a
with v jteh of the granular §avament epithchum

section of a lobulwr br nel
cclls on one «ide

(H1ghly ma_mfed )

il tub

ClLUDING SPFVILAT (ONTIGUOUS ATVFOTI L,

F16 149 —S8x(1108 01 INJECIFD TUNG, IN
(11zhly magmficd )

« a, free edges of alvcohi ¢ ¢, partitions hetween naghbouring Jveolt secn in scction,
b amall arterial branch givang off Caprllanies to the alveoly  1he lonjing of the vessels to
Between the capiilaies 18 <cen the hom)

cither aide of the partitions 1s wll exh nte 1
geneous alveolar wall with nuda o f conneetave tissue corpu cles anl ¢lastae fibres
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serous membrane (subserous tissue). In some animals this subserous
layer contains plain muscular tissue, which is especially developed
near the lung-apex.

The lymphatics of the lung form two sets of vessels, one set
accompanying the bronchial tubes, and another set forming a network
in the interstitial connective tissue, and in the subserous tissue. Both
sets of lymphatics tend towards the hilus and enter lymphatic glands
at the root of the lung. Those in the subserous tissue communicate
by means of stomata between the epithelial cells of the serous mem-
brane with the cavity of the pleura.

The pleura, which covers the surface of the lung, has the usual
structure of a serous membrane. It is provided with a special network
of capillary blood-vessels, which are supplied by branches of the
bronchial arteries.
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LESSON XXVL

STRUCTURE OF THE TEETH, THE TONGUE, AND MUCOUS
MEMBRANE OF THE MOUTH.

1. Stupy first with the low power and afterwards with the high power a
longitudinal section of & human tooth which has been prepared by grinding.
It is better to purchase this specimen, for the process of preparation is
difticult and tedious without the aid of special apparatus. Examine carefully
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 Canada balsam a section of a tooth ¢n sifu, which has been
decalcified in chromic or picric acid and stained with logwood or borax-
carmine. In this section the mode of implantation of a tooth, as well as the
structure of the pulp, can be made out. 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 alcoholic magenta, borax-
carmine, or hematoxylin, and cmbedded in paraffin, and the sections mounted
by the shellac-creosote process (see Appendix).

4. Section across the whole tongue of a small mammal; stain with log-
wood, and mount in Canada balsam. In these sections the arrangement of
the muscular fibres and the structure of the papille of the mucous mem-
brane may be studied ; and if the organ have been previously injected, the
arrangement of the blood-vessels in the muscular tissue and in the mucous
membrane will also be well seen.

THE TEETH.

A tooth consists of three calcified tissues : the enamel, which is of
epithelial origin, the dentine, and the cement, or crusta petrosa. 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. 150).

The enamel is formed of elongated hexagonal prisms (fig. 151),
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 indistinct cross-striated ap-
pearance. Sometimes coloured lines run through the enamel across
the direction of its fibres.
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The dentine is composed of a hard dense substance like bone, but
containing no Haversian canals or lacun®. It is pierced everywhere,
however, by fine canaheuli (dentinal tubules, figs. 152, 158), which
radiate outwards from a ocentral 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

Fie 150 —Vrricar
SECTION OF A TOO1H
m srtu, (15 diame-
ters.)

¢, 15 placed m the pulp
cwvity, opposite  the
ce1vix or nech of the
tooth, the part sbove
1~the crown, thit hedow
15 the root (fang) 1
cnamel with rudial and
concentric mukinrs
2 dintme with tubules
and incremental hnes
3 cement or crusty e
trosa,with bone corpns-
les, 4, dental perios
teum, 5, boue of lowar
189

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 tooth they are occupied by protoplasmic fibres, which are pro-
lenged from the superficial cells of the pulp.

The intertubular substance is for the most part homogeneous, but
here and there indications can be seenn of 1ts deposition in the form of
globules. This is especiully the case near the surface of the dentine,
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Fi1a. 1H1 —EANAvrL prisus, (850 diameters )

A, fragments d single fibres of the cnamel, 150l wed by the wtion of hydrochlorie wad.
B, surface of o smll fragzment of enwym 1, showmy the hexagonal culs of the fibres.

Tie 152—=S1c110v 01 1ANG, PA-
LWALIIL 1O IHF DENIINAL 1U-
LUILs, (Ma,nited 300 diametors.)
ccment with large bond lacunx and
w licitions of lumelle 2 grannlar

Iwer  of  burkinje (interglobular
spice ), 3,dentinal tubules

~

Fie 153 —SLC110ns ok
DLNI1INAT 1UBUILS
a, cut across b, cut
obliqucly
(About 300 diameters )

where the globular deposit and the mterglobular spaces may produce
a granular appearance (granwlar layer, fig. 152, 2), and also 1n the
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course of certain lines or clefts which are seen traversing che dentine
across the direction of the tubules (incremental lines, fig. 160, shown
magnified in fig. 154).

-
L S——

F1c. 154.—A SVALL PORTION OF THE DEN1INE WITN INTERGLOBULAR SPACES,
(850 diameters.)

¢, portion of incremental line formed by the interglobular spaces, which are‘here filled up
by a transparent material,

The pulp consists of a soft, somewhat jelly-like, conneetive tissue,
containing many branched cells, a network of blood-vessels, and some
nerve fibres which pass into the pulp-cavity along - Yth 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 epithelium.
They are known as odontoblasts, from having been concerned in the
formation of the dentine.

The crusta petrosa (fig. 152, 1) is a layer of lamellated bone in-
cluding lacune and canaliculi, but without Haversian canals, at least
normally in the human teeth. It is covered with periosteum (dental
periosteum), which also lines the socket, and serves to fix the tooth
securely.

Formation of the teeth.—-The teeth are developed in the same
manner as the hairs. A thickening of the epithelium occurs along the
line of the gums, and grows into the corium of the mucous membrane
(common enamel-germ, fig. 155, A). At regular intervals there is yet a
further thickening and growth from the common enamel-germ into the
tissue of the mucous membrane, each of these spocial rudiments swelling
out below into a flask-shaped mass of cells, the special enamel-germ,
fig. 155, B). A vascular papilla grows up from the corium into the
bottom of the special enamel-germ (fig. 1565, C, D) ; this papilla has
the shape of the crown of the future tooth. Each special enamel-
germ, with its included papilla, presently becomes cut off from the
epithelium of the mouth, and surrounded by a vascular membrane—
the dental sac. 'The papilla becomes transformed into the dentine of
the future tooth, and the enamel is deposited upon its surface by the
epithelial cells of the enamel-germ. The root of the tooth, with its
covering of cement, is formed at a later period, when the tooth is
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Fia. 165.
A. SECTION ACROSS THE UPPER JAW OF A FGETAL sHEEP. (3 centimeters long.)

1, common enamel-germ dipping down into the mucous membranc where 1t is half surrounded
by a semilunar-shaped more dense-looking tissue, the germ of the dentine and dental sac;
2, palatine process of the maxilla.

B, SECTION SIMILAR TO THAT SHOWN IN THE PREVIOUs FIGURE, BUT PASSING
THROUGH ONE OF THE SPECIAL ENAMEL-GERMS HERE BECOMING FLASK-SHAPED.

¢, ¢/, epithelium of mouth ; f, neck ; 7, body of special enamel-germ.

C AxD D, SECTIONS AT LATER STAGES THAN A AND B, THE PAPILLA HAVING BE-
COME FORMED AND INDENTED THE ENAMEL-GERM, WHICH HAS AT THE SAME TIME
GROWN PARTLY ROUND IT.

¢, epithelium of gum, sketched in outline; f. neck of l-geim; /', l-organ ; e, its
eeper columnar cells ; ¢, projections into the corinm ; p, papilla; & dental sac forming.
In D, the enamel-germ (/p) of the corresponding permanent tooth has become formed.

K
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beginning to grow up through the gum, by a gradual elongation of the

base of the papilla
Previously to the deposition of the enamel, the enamel germ under

goes a peculiar transformation of its previously rounded epithelium-

Tic 166 — A SI(110N FHROUCH 1HF
INAMI1 ORGAN AND DINIAL S\C FROM
JHF 100TH Ol A C(HIID Al BIRIH
(250 diameters )

@ outer den<e layer of the dcntal sac ¥ inncr
looger texture ot tl ¢ sume with capillary blooi
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the enm elorgwt ¢ sp n ysub twnce d mner
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o

[

S \
el

T 157 —PARI OF SKCLION OI DIVIIOP
ING 100TH OF YOUNG TAl, KHOWING
THF MOD! OF DFIOSITION Of 1HF DIN
izt (Ihighly magmficd )

cuter layer of fully calafiel dentine b un
cealcified matriy with a tew nolulcs of calca
reous mattcr ¢ olontiblasts with processes
(tinimz nto the dentine d pulp  lhe s

““ tion 13 stiined witl carmme which cclours
Ly the wnl i 1 mtim but not the ealafic
14 TLETE AT ] art

cells mnto three layers of modihed cells Onc of these 15 a layer of
columnar cells (fig 1566, d), which immediately covers the surface
of the dentme. These volumnar cells foun the enamel p1isms cather
by a deposition of ealcareous salts exteinal to them, or by a dueect
ealcification of their protoplasm. The cells next to the dental sac
form & single layer of cubical eprithelum (e), all the other cells of the
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enamel-germ become transformed into branching corpuscles (¢) com-
municating by their processes, and thus forming a continuous net-
work, The enamel-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
the papilla. At this surface there is a well-marked layer of odonto-
blasts (fig. 157), 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 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 this manner.
These, however, become lost within a few years after birth, and are
replaced by permanent teeth m much the sume way that a new succes-
sion of hairs occurs. A small outgrowth takes place at an early period
from the enamel-germ of each of the milk-teeth (fig. 1565, D, f p), and
this eventually becomes the germn of the corresponding permanent
tooth. It gradually enlarges, acquires a papilla, forms an enamel-
organ, in ghort, passes through the same phases of development as its
parent germ, and when the milk-tooth drops out of the jaw in conse-
quence of the absorption of its roots (by osteoclasts) the permanent
tooth grows up into its place.

But there are six permanent teeth in each jaw which do not suc-
ceed milk-teeth ; these are the permanent molars. They are developed
from an extension backwards of the original epithelial thickening
(common enamel-germ) and the downgrowth from this into the corium
of three successive special ecnamel-germs at comparatively long intervals
of time. Within these the tissues of the pcrmanent molars become
formed in a manner exactly sinnlar to that in which the milk-teeth are
developed.

THE TONGUE.

The tongue is mainly composed of strinted 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 conccals nicroscopic papille (fig. 168) like
those of the skin. DBesides these, the upper surface of the organ is
covered with larger papillie, which give it a rough appearance. These,
which are termed the lingual papille, are of three kinds: (1) About
twelve or thirteen comparatively large circular projections, each of which
is surrounded by & narrow groove (fossa), external to which the mucous

K2
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Fi1c 138 —=Si1 (110N o1
MLUCOUS MFMBRANL
OF MOULIH SHOW ING

1111 L MICE ONC01 10 Iie 19 =S1C110N  O0F (1ICUMVATT ALY 1ANIITA,
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membrane is raised above the general level (vallum) (fig. 159). These
pupille form a V-shaped line towards the back of the tongue; they
receive filaments of the glosso-pharyngeal neive, 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 circumvallate 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 epithelium which is borne by
each ; sometimes thig cap is fringed with fine epithelial filaments, when
they are termed filiform (fig. 161). (8) Scattercd here and there
amongst the conical papille are other larger papille, the fungiform
(fig. 160). These a1e very vascular, and lie partly embedded in little
depressions of the mucous membrane.

Small tubular glands may be seen between the supcrficial muscular
fibres sending their ducts to the surface. Most of them secrete mucus,
but those which open into the trenches of the circumvallate papille,
and a few others elsewlcre, yield a serous secretion.

The mucous membrane at the back of the tongue containsg a large
amount of lymphoid tissue.

The taste-buds. 'The minute gustatory organs which are known as
taste-buds may bo seen m sections which pass through the papille
vallate or the papillie fungiformes ; they are also present here and
there in the epithelinm of the general mucous membrane of the tongue,
especially at the back and sides, and occur also upon the under suiface
of the soft palate, and on the epiglottis. But they are most easily
studied in the papillee foliatwe of the rabbit, two small oval areas lying

Y4
3 || Sy

F1. 162.—=ToNGU 1T OF RABBIT, SHOWING 1HI SIFLATION O1 111
PAPIT LA FOTIAL %, P.

on either side of the back of the tongue and marked transversely with
a number of small ridges or lamine with intervening furrows (see
figs. 162 and 168). Scctions across the ridges show numerous
taste-buds embedded in the thick epithelium which clothes their sides.

The taste-buds are ovoid clusters of epithelium-cells which lie in
cavities in the stratified epithelium (fig. 164). The base of the taste-
bud rests upon the corium of the mucous membrane, and receives a
braneh of the glosso-pharyngeal nerve; the apex is narrow and com-
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municates with the cavity of the mouth by a small pore in the super-
ficial epithehiym (gustatory pore, fig. 164, p).

Lie 163.—VEFRIICAL w1 (1ION O1 PAPIITA FOITATA OF 1HE RABBIT, PASSING
ACRO%S IHE ¥orr1  (Rauvier)

P, central lamina of the cortum 1 section across a vemn which truverses the whole length
of the folin p’ lateru lamma in whieh the nerve tibres 1mn ¢ taste bu@ « sections
of naave buniles a serou glnl

116,164 —Sk(110N TIIROUGH THF MIDDI¥ OI A 1As1€ BUD, (Ranvier)

p gustatory pore, s gustatory ccll 7 sustentaculir cell m Ilymph cell contaimng fatty
granules , e superfioid cells of the stratificd epithelivm , », nerve fibres

The cells wluch compose the taste-bud are of two kinds, viz. :
1. The gusiatory cells (fig. 165, a), which are delicate fusiform or
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bipolar cells composed of the cell-body or nucleated enlargement, and
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 cilinm-like appendage, which
projects into the pore above mentioned. The proximal process is more
delicate than the other, and is often branched and varicose; it is

k16, 160 —VARIOUS CKLLS FROM TASTR-BUD OF RABBIT. (600 diameters,)

, four gu-tatory cells from central part ; b, two sustentacular cells, and one gustatory cell, in
connection ; ¢, thiree sustentacular cells.

believed to be direetly conneeted with an entering nerve-fibre. 2. The
sustentacular cells (fig. 165, ¢). These arc 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 here
from the subjacent mucous membrane.
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LESSON XXVII
THE SALIVARY GLANDS.

1. Strupy carefully scctions of the submnaxillary gland of a dog. The
gland should have heen hardened in alecohol and stained with logwood.
Notice the acini filled with clear cells, the nuclei of which usually lie near the
basement-membrane. Notice here and there, outside the clear cells, domi-
lunes or crescents of small darkly stained granular-looking cells. Observe also
the sections of the ducts with their strated columnar epithelium. Try and
find a place where one of the ducts is passing mto the alveoli. Sketch under
8 high power.

2. Study scctions of the parotid gland propared in a similar way.

8. Examine small pieces of hoth submaxillary and parotid gland fresh in
saline solution. In tho submaxillary gland notice that the alveolar cells are
swollen out with clear mmueigen, but that those of the parotid are filled with
granules (zymogen).! Make & sketch from each preparati n under a high
power.

4, Prepare a transverse section of the cesophagus. Notice the thick
muscular coat partly containing cross-striated fibres and the mucous mem-
brane with its papille and stratified epithelium. Look for mucous glands in
the arcolar coat. Sketch under a low power.

The salivary glands may be looked upon as typical of secreting
glands in general. Tley are composed of a number of lobules bound
together loosely by connective tissne. Each small lobule is formed of
a group of saccular or somewhat tubular alveoli or acini (fig. 166) from
which a duect passes, and this, after uniting with other ducts 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 enclosed by a basement-mombrane, which is
reticular (fig. 167). This basement-membrane is continued along the
ducts. Within it is the epithelium, which in the alveoli is composed of
polyhedral cells (fig. 168, a), but in the ducts is regularly columnar,
except in that part of the duct which immediately opens into the

' To study the changes which the alveolar cells undergo during secretion, pilo-
carpine is injected subcutaneously into an animal in suflicient amount to produce
copious salivation ; after which 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 aleohol, but osmic acid preserves them ; they are best seen, however,
in the fresh tissue.
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F1a 166.—DIAGRAM OF 151 CONSFRUCTION OT A TOTUIT OF A 11 BL1O-RACFMOSE
(ACINO 1URUI AL) MLCOUS ¢ 1 AND

« duct, b a branch of the duct ¢ alveoh as they lie tozether m the glinl  d the same
sepuate 1 showing ther conneetion s an frre ulir tubc

L16 167 —My MBRANA 1ROLITA OF 1WO AIVIOIT 1SOTALFD

The preparation Is taken fiom the oxhital glind of the dog which 15 snmlar w structure to a
mucous sahvary gl l

Fi16 168 —SFCTION OF THE SUBMAXITI ARY GLAND OF IHF DOG, RHOWING THI.
C(OMMFN(FMENL OF A DU(T IN 1HF ATVFOLL (Magmfied 425 diameters )

n, one of the alveoli <evcral of whih are in the section shown grouped around the
commencement of the duct @’ a' an nlveolus, not opened by the section, b hasement-
membrane 1n section ¢ inter~titinl connective twsue of the gland d <ection of a duct
whieh his pasved away fiom the alveolr #nd 18 now lined with chuactenstically stiiated
columnar ¢clls ¢ semilunar group of durkly stained cells at the paphery of an alveolus,
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I16 169 —SIC1ION OF DOC’ SUBMANIIT ARY, SIAINI D
a Tact b alveclus ¢ cresc 1b

116 170 —S1C1I0N O FART OF IHK HUMAN §UBVAXITARY CTAND
To the nght of the figurc 1s o group of mucous \veol to the left u sroup of serous alvcoli

11 171 —ALVIOIT OF A SEROUS GTAND A, A1 RIST B, AFFRR A SHORT I FRIOD

0 tiga Ot AC 11vi1y  (, AITFK A BROLONGID 11 RIOD OF ACIIVILY

/ In A and B tho nuclei are ob~cured by the granules of 7vinogen
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alveoli ; in this it is flattened (d’). The columnar epithelium of the
ducts is peculiar, in that the cells show a distinetion into two unequal
zones, an outer, larger, striated zone, and an inner, smaller, granular
one (fig. 168, d).

The cells of the alveoli differ according to the substance they
secrete. In alveoli which secrete mucus, such as all the alveoli of the
dog’s submaxillary, and some of the alveoli of the same gland in man
(fig. 170), the cells are clear and swollen out with mucigen, which is
discharged into the duets when the gland is stimulated to activity. But
in each alveolus there are some smaller cells which do not contain
mucigen, and these generally form crescentic groups which lie next to
the basement-membrane (fig. 169, ¢). These are the so-called crescents
of Gianuzzi ; their constituent cells are also known as marginal cells.
In alveoli, on the other hand, which do not secrete mucus, but watery or
serous saliva, such as the parotid in all animals, and some of the alveoli
of the human submaxillary, the cells are filled with granules when the
gland is at rest, although the outer part of each cell may hecome clear
after a long period of secretion (fig. 171).

The largest ducts have a wall of connective tissue outside the base-
ment-membrane, and also a few plain muscular cells. The blood-vessels
of the salivary gland form a capillary network around each 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 not been satisfactorily
traced to their termination, but they probably become connected with
the alveolar cells.

THE PHARYNX AND (iSOPITAGUS.

The pharynx is composed of a fibrous membrane, which is encircled
by striated muscles, the constrictors, and lined by mucons membrane.
The mucous 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 epithelium is stratified like that of the mouth and gullet /jes.
which it »- ~eq. In certain parts the mucous membg';*unosi?eocfogt;: mnto

. . . " s 1

large »  ut of lymphoid t1ssue.:, especielyy layer, ‘the back, Wherlzas i:
formr  projection whicl: is-somefimes termed? 82 4o 1

a . 10 pharyngeal tonsil
and there are numerous mucous glands opening®% o it surface ’

The esophagus or gullet, which passes from® '

Lo ’ pa ., the pharynx to the
stomach, consists, like the pharynx, of a fibrous cové.> wing, & muscular
coat, a lining mucous membrane, and intervening conw at:ctive tissu
(areolar coat) (fig. 172). The muscular coat is much more ey “"ulav'e
arranged than that of the pharynx; and is composed of striated nd,
in about its upper third only, the rest being of the plain variety. There /
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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 micro-
scopic papille from the corium project. The corium is formed of areolar
tissue, and its limits are marked externally by a narrow layer of longi-

116, 172+~=S1CHION O THF HUMAN 0 SOPHAGUS.
The section 18 transver ¢, and fiom ncar the middlc of the gullct « fibrous covaung
b divaded fibres of the longitudinal musenlar coat , ¢ transvarse muscular fires, d, <ub-

micous or areolar layer, ¢ musculinis mucost , / papilla of mucous membn e, ¢, Inmi-
uated epithelnl limmy , A, muwons #ad, g, 21hwnd duct,

tudinally 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 lymplatics, and
also most of the mucous glands of the membrane.
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LESSON XXVIIL
THE STRUCTURE OF THE STOMACH.

1. 8EcTIONS of the cardiac region of the dog’s stomach, cut perpendicularly
to the surface of the mucous membrane. The tissue 15 to be stained with log-
wood or borax-carmine, and the sections are to be mounted in Canada balsain.

In these sections the general arrangement of the coats of the stomach is to
be studied and skotches are to be made under a low power illustrating this
arrangement, and othors under a high power showing the structure of the
glands of the mucous membrane.

Measure the whole thichness of the mucous membrane, the thickness of
the muscular coat, the size of the columnar epitheliun-cells of the surface,
and that of the celly in the deeper parts of the glands.

2. Sections of the mucous membrane of the same region, cut puallel
to the surface.

These sections will show better than the others the arrangement of the
cells in the glands.

3. Vertical scctions of the mucous membrane trom the pyloric region
of the dog’s stomach. Make a shetch under a low power of oue of the glands
1n its whole length, filling up some of the details with the high power.

4. 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-
macous, and mucous membrane.

The serous coat is a layer which is derived from the peritoneum.
It is deficient only along the lines of the lesser and greater curvatures.

The muscular coat consists of three layers of plain muscular 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 circular bundles become thicker and stronger towards
the pylorus, at which they pass into the corresponding layers of the
small intestine; at the pylorus itself the circular layer is greatly
thickened to form the sphincter muscle. The oblique fibres are only
present in 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 the larger branches of the blood-vessels and lymphatics.
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pass to the organ along its curvatures. The arteries pass through the
muscular coat, giving off branches to the capillary networks of the
musocular tissue, and ramify in the areolar coat. From this, small
arteries pierce the muscularis mnucoss, and break up into capillaries
near the bases of the glands. The capillary network extends between
the glands to the surface, close to which it terminates in a plexus of

F16. 176 —P1 AN 0¥ 111 BTOOD-
VISSELS OF 1HL $7T0MACH.

a, smill arteries passing to break up
mto the finc capillary nctwork, d,
htween the glands, b, coirsa
cynllary networtk  around the
mouths of the glands; ¢, ¢, veins
pusing vertically downwards fiom
thc supericinl network , ¢, larger
vessels 1 the submucosa.

Fig. 175, —A 1M JORIC GIAND,
FROM A SECTION OI THb
DOG’S STOMACH.

m, mouth ; n, neck , {7, a decp pot-
tion of & tubule cut transversely.

relatively large venous capillaries which enciicle the mouths of the
glands. From this plexus straight venous radicles pass through the
mucous membrane, pierce the muscularis mucosa, and join & plexus of
veins in the submucous tissue. From thesc veins blood is carried
away from the stomach by efferent veins, which accompany the enter-
ing arteries.

The lymphatics (fig. 177) arise in the mucous membrane by a
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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 larger valved vessels in the submucous coat, and from
these, efferent vessels pass through the muscular coat to reach the

¥16. 177.~LYMPHAIIC(S OF THE HUMAN GASTRIC MUCOUS MFMBRANF, INJF(TED.

The tubules arc only faintly indicated , a, muscularis mucosee, b, plexus of fine vessels at
base ot glands, ¢, plexus of larger valved lymphatics in submucoss.

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 small intestine (see next Lesson).
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medullated nerve-fibres known as the plexus myentericus of Auerbach.
The ganglis of this plexus may usually be seen in vertical sections of
the intestinal wall, but the plexus, like the one in the submucous coat
immediately to be described, can only be properly displayed in prepara-
tions made with chloride of gold (fig. 178).

The submucous coat is like that of the stomach; in it the blood-
vessels and lymphatics ramify before entering or after leaving the
mucous membrane, and it contains a gangliated plexus of nerve-fibres—

Fic. 179.—PLEXUS oF MEISSNER m?g :un)stmuuoouq COAT OF THE IN1EsSIINE.
adiat,

the plexus of Meissner—which is finer than that of .Auerbach and has
fewer ganglion-cells (fig. 179). Its branches are chiefly supplied to the
muscular fibres of the mucous membrane.

The mucous membrane 18 bounded next to the submucous coat by
a double layer of plain muscular fibres (musculars mucos@). Bundles
from this pass inwards through the membrane towards its inner sur-
face and penetrate also into the villi. The mucous membrane proper
is pervaded with simple tubular glands—the crypts of Lieberkuhn—
which are lined throughout by a columnar epithelium like that which
covers the surface and the villi. The mucous membrane between these
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glands is mainly composed of lymphoid tissue, which 18 aggregated at
nfervals imto more solid nodules (fig. 181) constituting when they occur
singly the so called solstary glands of the intestine, and when aggregated

116, 180 —CRONS SF( TION OF A SMAIL FRAGMENT OF 1HE MUL(OUs MFMBRA\FK
OF THF INIFS1INE, INCLUDING ONF EN1IRF CRYP1 OF LIF BFRKUUN AND
1ARTS OF 1HREF OrHERS, (Magmficd 400 diameter )

a cavity of the tubular glan s or crypts b one of the iming epithelial cells, ¢ the inter
glan lular t1 sue d lymph ells

Fig. 181 —SFCTION OF 1HF 11 UM THROLGH A TYWIHOID dopuir  (Cadiat)

a mddle of the nodule with the lymphord tissue partly iillen awyy from the section,
b epithelium of the wntestine, ¢, villi their epithelmm i» partly broken away, d, crypts
of Lieberkiihn

together form the agminated glands or patches of Peyer. The latter

occur chiefly in the illeum.
The 24t with which the whole of the mner suiface of the small
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intestine is closely beset are clavate or finger-shaped projections of the
mucous membrane, and are composed, like that, of lymphoid tissue and
covered with columnar epithelium: (fig. 182). The characters of this
have been already described (Lesson VIIL.). Between and at the base
of the epithelium-cells many lymph-corpuscles occur, The epithelium
rests upon a basement-membrane formed of flattened cells, In the
middle of the villus is a lacteal vessel (c.!) which is somewhat
enlarged near its commencement. Surrounding this vessel are small

F16, 182, —~CRO44-SECITON OF A VILLUS O1 THE CAT’s INTHSIINE,

, columnar epithelium ; g, goblet cell, its mucus is seen partly exuded ; /, lymph-corpuscles
between the epithehum-cells; b, basement-membrane; ¢, blood-capillaries ; m, section
of plaimn musculur fibres; ¢ 7, central lacteal.

Fi16. 183.—~MAGNIFIED VIEW OF THE BLOOD-VESSELS OF TIIE INTESTINAL VILIIL

The drawing was taken from a preparation injected by Lieberkuhn, and shows, belonging to
each villug, a small artery and vein wi{th the intermediate capillary network,

bundles of plain muscular tissue prolonged from the muscularis mucose.
The network of blood-capillaries (fig. 188) lies for the most part near
the surface within the basement-membrane; it is supplied with blood
by & small artery which joins the capillary network at the base of the
villus; the corresponding vein generally arises nearer the extremity.
The lymphatics (lacteals) of the mucous membrane (fig. 184), after



STRUCTURE OF THE INTESTINE 151

receiving the central lacteals of the villi, pour their contents into a
plexus of large valved lymphatics which lie in the submucous tissue
and form sinuses around the bases of the lymphoid nodules. From
the submucous tissue efferent vessels pass through the muscular coat,
receiving the lymph from an intramuscular plexus of lymphaties, and
are conveyed away between the laycrs of the mesentery.

F1a. 184.—VIR11CAL SFOIION O A PORLION OF A PALCH OF PRYFR'S GLANDS, WHIH
THE LACIFAL VissILS INJFCIkD, (82 diameters.) (krey.)

The specimen is from the lower part of the 1l¢um @, villy, with their lacteals left white ;
b, some of the tubulax glands, ¢, the muscular laycr of the mucous membrane, d, cupola
or mojecting part of the nodule, e, central part, 7 the reticulated lacteal vessels occu
pyving the lymphoid tissue bctween the nodules jomed above by the lacteals from the
villh and mucous surface, and passing below nto ¢, the sinus hke lacteals under the
nodules, which again pass ito the large efferent lacteals, ¢/, 3, part of the muscular coat

Absorption of fat.—The lymph-corpuscles of the villi are the chief
agents in effecting the passage of fat-paiticles into the lacteals. In
order to study this process of transference, it is convenient to stain
the fat-particles with osmic acid, which colours them black. It can
then be observed that in animals which have been fed with fat these
particles are present (1) in the columnar epithelium-cells; (2) in the
lymph-cells ; and (8) in the cential lacteal of the villus. The lymph-
cells are present not only in the reticular tissue of the villus, but also
in considerable number between the epithehum-cells; and they can
also be seen in thin sections from osmic preparations within the com-
mencing lacteal ; but in the last situation they are in every stage of
disintegration.

Since the lymph-cells are ameeboid, it is probable from these facts
that the mechanism of fat-absorption consists of the following pro-
cesses—viz. (1) absorption of fat into the columnar epithelium-cells of
the surface; (2) inception of fat by the lymph-corpuscles in the epi-
thelium, partly from the epithelium-cells, and partly, perhaps, directly
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from the intestinal contents; (8) migration of the lymph-corpuscles
carrying the incepted fat-particles by their ameeboid movements through
the tissue of the villug and into the central lacteal; (4) disintegration
and solution of the immigrated lymph-corpuscles, and setting free both
of their fatty contents and also of the proteid matters of which they
are themselves composed.

B
FA;F@E@“’Q% {T'T‘"'.
Pl LT T
o« A §98 - P A

11c, 185, A.—SEC IION OF 1HF VIITUS OF A RAI KITLID DURING 1 AT-ABSORPIION,

ep, epithohium o7, strated horder ¢ Ivph cdls ¢/, lymph-cells m the epithclium,
I ceutml lacteal containing disintegrating Iymph-corpuscles,

116, 185, B~MUCOUY MEMBRANE O1 IROG™ INIISIINI DURING 1 AI-ABSORPIION,
ep, epithelium , st7, striated border, ¢, lymph corpuscles , 7, lacteal

This migration of the lymph-corpuscles into the lacteals of the
vilh is not a special feature of fat-absorption alone, but oceurs even
when absorption of other matters 18 proceeding; so that the transfer-
ence of fat-particles is merely a part of a more general phenomenon
accompanying absorption.

THHE LARGE INTESTINE.

The large intestine has the usual four coats, except near its ter-
mination, where the serous coat is absent. The muscular coat is pecu-
liar in the fact that along the cmcum and colon the longitudinal
muscular fibres are gathered up into three thickened bands which pros
duce puckerings in the wall of the gut.
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The mucous membrane of the large intestine is beset with simple
tubular glands somewhat resembling the crypts of Lieberkiihn of the
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. 186). The extremity of each gland is
usually slightly dilated. The interglandular tissue is like that of the

Fis. 186. — A GLAND OF 11K
LARGE INTESLINE O THF DOG,
(From Heidenhain and Klose.)

b, in Jongitndinal, ¢ in transverse
scetion,

stomach, as is also the arrangement of the blood-vessels and lymphatics
in it. The nerves of the large intestine also resemble those of the
small intestine and stomach in their arrangement.

At the lower end of the rectum the circular muscular fibres of the
gut become thickened a little above the anus so as to form the internal
sphincter muscle. In this region also there are a number of compound
racemose mucous glands opening on to the surface of the mucous
membrane.
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LESSON XXXI.
STRUCTURE OF THE LIVER AND PANCREAS.

1. MaxkE sections of liver and study them carefully with a low and high
ower. Sketch the general arrangement of the cells in a lobule under the
ow power and under the high power. Make very careful drawings of some

of the hepatic cells and also of a portal canal.

2. Btudy, first of all with the low and afterwards with a high power, &
section of the liver in which both the blood-vessels and the bile-ducts have been
injected. Make a general sketch of a lobule under the low power and draw a
small part of the network of bile-canaliculi under the high power.

8. Tease a piece of fresh liver in salt solution for the study of the appear-
ance of the hepatic cells in the recent living condition.

4. Prepare sections of the pancreas from a gland which has been hardened
in alcohol. The sections are stained with borax-carmine and mounted in
the usual way in Canada balsam.

Make a sketch under the low power.

5. Tease a small piece of fresh pancreas in 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.

THE LIVER.

The liver iz a solid glandular mass, made up of the hepatic
lobules. These are polyhedral masses (about 1 mm. in diameter) of
cells, 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 con-
nective tissue underneath the serous covering of the liver, and 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 enclosed by loose connec-
tive tissue (capsule of Glisson), in which are lymphatic vessels, the
whole being termed a portal canal (fig. 187). 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 back of the organ by the hepatic veins: the branches of

these run through the gland unaccompanied by other vessels (except



STRUCTURE OF THE LIVER 155

lymphatics) 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 vein.

F16. 187,—8EC110N OF A PORIAL (ANAL,

«, branch of hepatic artery; 1, branch of portal vein ; d, bile-duct ; 7,7, lymphatics in the
areolar tissue of Glisson’s ¢apsnle which encloscs the vessels,

16, 188.—DIAGRAMMATIC REPRESFNFATION OF TWO HEPATIC LOBULKS.

The left-hand lobule is represented with the intralobular vein cut across; in the right-hand
one the section takes the course of the intralobular vein p, luterlobular branches of the
Ponal vein; & intralobular branches of the hepatic veins; s, sublobular vein; ¢, capil-

aries of the lobules. The arrows indicate the direction of the courde of the blood, The
liver-oells are only 1epresented in one part of each lobule.

Each lobule is a mass of hepatic cells pierced everywhere with a
network of blood-capillaries (fig. 188), which arise at the periphery of
the lobule, there receiving blood from the interlobular branches of the
portal vein (), and converge to, the centre of the lobule, where they
unite to form the intralobular branch of the hepatic vein. The inter-
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lobular branches of the hepatic arteries join this capillary network a
short distance from the periphery of the lobule.

The hepatic cells (fig. 189), which everywhere lie between and sur-
round the capillaries, are polyhedral, somewhat granular-looking cells,

I'16. 189 —ST( 110N OF RABBIL'S ITVIR WITH 1HI INITR(FITUTAR NI IWORh OF
BUF CANATICULL INJEC1kD.  (Highly magmified ) (Henng.)

Two o1 three layers of wells are 1epresented , b, b, blood-capillaries,

each containing a spherical nucleus. After a meal, the cells in the
outer part of the lobule may become filled with fat, and masses of
glycogen can also frequently be seen within the cells.

The bile-ducts commence between the hepatic cells in the form of
fine canaliculi, which lie between the adjacent sides of two cells, and
form a close network, the meshes of which correspond in size to the
cells {fig. 189). At the periphery of the lobule these fine canaliculi
pass into the interlobular bile-ducts (fig. 190), the columnar epithe-
liumegells of which become, by a gradual transition, changed into
cubical and polyhedral cells, which join those of the hepatic lobules.

The bile-ducts are lined by clear columnar epithehum (fig. 187, d).
QOutgide this is a basement-membrane, and in the larger ducts some
fibrous and plain muscular tissue. Many of the larger ducts are beset
with small eeecal diverticula.

The gall-bladder is in its general structure similar to the larger bile-
ducts. It is lined by columnar epithelium, and its wall is formed of
fibrous and muscular tissue.

The lymphatics of the liver are said to commence as perivascular
lymphatic spaces enclosing the capillaries of the lobules. Efferent
lymphatics pass away from the organ in the connective tissue which

invests the portal and hepatic veins.
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Fia, 190.—LoBUIT OF RABBIL'™S 11VIR, VISSILS AND BITI DUCIS INJECLI D,
(Cachat,)

a, ceutial vewn, b, b, peripherul or wterlobular voins, ¢, interlobul w buc-duct,

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, in place of being saccular, are longer
and more tubular in character (fig. 191). Moreover, the connective tissue
of the gland is somewhat looser, and there occur in it at intervals
small groups of epithelium-like cells, which are supplied with a close
network of convoluted capillary vessels; their function is unknown,
but their presence is very characteristic of the pancreas.

The cells which line the alveoli are columnar or polyhedral in
shape. When examined in the fresh condition, or in osmic prepara-
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tions, their protoplasm is filled in the inner two-thirds with small
granules, but the outer third is left clear (fig. 192, 4). After a period of

F1c 191 —S¥C110Y OF HIF PANCREAS OI IHF DOG.
d teronnation of & duct 1n the tubular alveoli, ale.

116 192.—PARr OF AN AIVEOLUS OF THF RABBILS PANCRE\S, 4, A1 RFsl;
B, A¥rir Aciivk sPCREQON  (Foster, after Kuhne and Lea.)

a, the inner granular zone, which 1n 4 1s largcr and moie closely studded with fine granu'es
than m 8, 1n which the granules are fewer and coarser, b the outer transparent zone,
small in 4, larger mn B, and in the litter marked with faint «trw, ¢, the lumen very
obnoina ;n B, but mdistinct mm 4, d, an indentation at the junction of two cells, only
seen in

activity the clear part of the cell becomes larger, and the granular
part smaller (B). In stamed sections the outer part 1s coloured more
deeply than the inner.

In the centre of each acinus there may generally be seen some
spindle-shaped cells, the natute of which (whether epithelial or col
nective tissue) has not been detexmined (centro-acenar cells of Lax-
gerhans).

o
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LESSON XXXII.

STRUCTURE OF THE SPLEEN, SUPRARENAL CAPSULE, AND
THYROID BODV :

1. SEcrIONs of the spleen stained with logwood. Notice the trabecule extend-
ng into the substance of the organ from the eapsule. Notice also that the
glandular substance is of two kinds, (1) lymphoid tissue accumulated round
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 branched and flattened cells containing blood in its intersticos
and pervaded by capillaries and venous radicles.

Sketch part of a section under a low power and a small portion of the
reticulum under a high power.

2. Sections across a suprarenal capsule, Examine flisv wwh a low
power, noticing the general arrangement and extent of the cortical and
medullary parts of the organ, making a general sketch which shall include
both. Afterwards sketch caretully under the high power a group of cells
from each part of the organ.

3. Sections of the thyroid body stained with logwood. Notice the vesicles
lined with cubical epithelium and filled with a ¢ colloid * substance which be-
comes stained by the logwood. Notice also in some parts of the sections a
peculiar highly vascular retiform tissue. Sketch a part of this tissue and also
one or two vesicles. Measure several vesicles.

THE SPLEEN.

The spleen is the largest of the so-called ductless glands. 1t
appears tu be connected in some way with the elaboration of the blood,
white blood-corpuscles being certainly formed and the coloured blood-
corpuscles being probably submitted to destruction within it.

Like the lymphatic glands, the spleen isinvested with a fibrous and
muscular capsule (fig. 198, A), and this again has a covering derived
from the serous membrane. The capsule sends fibrous bands or tra-
beculee (b) into the organ, and these join with a network of similar
trabeculee which pass into the gland at the hilus along with the blood-
vessels, In the interstices of the fibrous 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 whitish specks, the Malpighian corpuscles of the spleen
(¢, ¢). These are composed of lymphoid tissue which is gathered up
into masses which surround the smaller arteries, whilst the red pulp
which everywhere surrounds them and which forms the bulk of the
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organ is composed of a close network or spongework of flattened and
grached cells like connective-tissue corpuscles. Coursing through the
pulp and communicating with its interstices are capillary blood-vessels

F16 193.—V¥1 11( A1 STCHION OF A SMALT SUIITIICIAT PORIION OF IHF HU VAN
SPIREN, AS SIIN WIIH A 10W 10WFL

A, peritoncal and fibious covering, b trabceuln ¢, ¢ Malpigluan corpuscles, n one of which
an artery is seen cut transversely, 1n the other lonJitudinally, d, injected arterial twigs;
¢, apleen-pulp

P
o

u

Fi16. 104.—T1IN SFCTION OF sPLIIN-111P, HIGHTY MAGNILIFD, SHOWING 1HF
MODE OF ORIGIN OF A SMALT VFIN IN IHF IN1IRSTICkS Ol 1HF PULP,
v, the veln, filled with blood-corpuscles, which are 1n contimuty with others, b/, filling up the

interstices of the retiform tissue of the pulp, @, wall of the vemn, The shaded bodles
amongst the red blood~orpuscles aze pale corpuscles,

which are connected with the terminations of the arteries ; whilst in
other parts venous channels arise from the pulp, and bring the blood
which has passed into its interstices from the arterial capillaries
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towards the larger veinsof the organ, which run in the trabeculs, and
are by them conducted to the hilus. The arteries, which are also at
first conducted-from the hilus along the trabeculs into the interior of
the organ, presently leave the trabecul®, aud their external coat
becomes converted into a thick sheath of lymphoid tissue which invests
them in the remainder of their course, and in places becomes swollen
into the Malpighian corpuscles already mentioned. These small
arteries distribute a few capillaries to the Malpighian corpuscles, and
then break up into pencils of small vessels which open iuto the pulp in
the manner already mentioned.

The cellular elements of the spleen-pulp are of three kinds, viz.
large, amceeboid, connective-tissue cells, also called splenic cells, lymph-
corpuscles, and the branched, flattened cells which form the sponge-
work. The first-named are frequently found to contain coloured
blood-corpuscles in their interior in various stages of transformation
into pigment.

The lymphatics of the spleen run partly in the trabocule and cap-
sule, and partly in the lymphoid tissue ensheathing the arteries. They
join to form larger vessels which emerge together at the Inlus.

THE SUPRAREN.L CAPSULES.

The suprarenal capsules belong to the class of bodies known as duct-
less glands, but they are entirely difterent in structure from the spleen
and lymphatic glands. A section through the fresh organ (fig. 195)

F16. 195.~A VERTICAL SF( 110N OF 111 SUPRARKNAT BODY OF A JLIUS, TWICE
THE NATURATL SIZF, SHOW ING THE DISIINC 1JON BEIWFEN 11k MEDULLARY
AND CORIICAL SUBSTANC L.

7, issuing ven ; 7, summt of hidney.

shows a cortical zone which is striated vertically to the surface, and of a
yellowish colour, and a medulla which is soft and highly vascular, and
of a brownish-red colour. The whole organ is invested by a fibrous
capsule which sends fibrous septa inwards to the cortical substance
(fig. 196), subdividing this for the most part into columnar groups of cells

(zona fasciculata, ¢). Immediately underneath the capsule, however,
M
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the groups are more rounded (zona glomerulosa, b), winlst next to the
medulla they have a closely reticular arrangement (zona reticulars, d),
and & similar disposition both of the cells and the connective tissue 18
noticeable throughout the medulla.

The cells which form the rounded groups and columns of the cortical
substance are polyhedral in form (fig. 197), each contains a clear round
nucleus, and thote are often yellowish oil-globules in their protoplasm.

lig 197.—Cri1s AND  CET1 GROUILS

KROM 1HF ( JTERMOS1 TAYFR OI
THF (ORIICAl SUBSIANCF OF IHE
SUPRARENAL BODY

116 196 —V¥RTICAI SF( 110N Of SUFRA
RFNAL Boby (Magnfied.)

1, cortical substance, 2 medullary substance 116 198.—A SMALl PORLION OF 1HE

«, capsule, b zona glomerulosa, ¢ zona
fasciculata, d rona reticularis, e groups MFDUI LARY PART OF 1HE blPRA-

of medullary cells, 7, section of a large vein hFNAL CAPSULK O} IiIL OX.

No blood-vessels penetiate between these eells, both the blood vessels
and lymphatics of the cortex running in the fibrous septa between the
columns, the lymphatics have been stated to communicate with fine
spaces wlhich run between the cells of the columns.

The cells of the medulla (fig. 198) are more 1rregular 1n shape, and
are often branched. Their protoplasm s exther clea1, or 1t may n some
ammals contam a browmsh pigment, but in man the datk red colour of
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the medulla is largely due to the blood contained in the large venous
spaces by which it is pervaded, and which receive the blood after it has
traversed the capillaries of the cortex. Investing the larger veins aro
bundles of plain muscular fibres ; and numerous nerves, after traversing
the cortical substance, are distributed throughout the medulla, where
they form a close plexus provided with ganglion-cells.

THE THYROID BODY

The thyroid body consists of a frameworh of connective tissue en-
closing numerous spherical or oval vesicles (fig. 199) winch are lined
with cubical epithelium. The cavities of the vesicles are filled with a
peculiar viscid liquid which is coagulated by alcohol and which then
becomes stained by hematoxylin. A sunilar material has been found

116G, 199.—SL 110N OF 1HE TIIYROID GIAND OF A CHIID
Two com{vlete vesicles and portions of others are 1epresentcd The vesicles are filled with
colloid which al~o ocoupies the intcrstitial spaces  In the middle of one of the spaces a
blood vessel 1« seen cut obliquely, and close to 1t 18 a plasma-ccll  Between the cubical
epithelium celly, smaller culls Iike 1ymph~orpuscles aic here and there seen.

in the lymphatics of the gland, and may sometimes be detected also i
the interstices of the conneetive tissue.

The blood-vessels of the thyroid ary exceedingly numerous, and the
capillaries form close plexuses round the vesicles. Some of the blood-
vessels are distributed to a pecubiar highly vascular retiform tissue
which occurs in patches here and there in the organ.

Disease of the thyroid or its extirpation 1s accompanied by remark-
able changes in the chemical composition of the blood and many of the
tissues, resulting chiefly in the accumulation within them of a large
amount of mucin ; a condition of general myxadema, and eventually of
cretinism, being produced.

2
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LESSON XXXIII.
STRUCTURE OF THE KIDNEY.

1. SecrroNs 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 sketch should be made of one of these soctions under a low
power.

2. Thin sections of the kulney of a larger maminal, such as the dog, may
next be studied. In some the direction of the section should be parallel
with the tubules of the madulla, and in others across the direction of those
tubules. The characters of the epithcliuin of the several parts of the urimferous
tubules are to be made out in these sections.

8. Separate portions of the urimniferous tubules may be studied in teased
preparations from a kidney which has been subjected to some process
which renders 1t possible to unravel the urmiferous ubules for a certain
distence.!

4. Sections of a kidney in which the blood-vessels have been injected.
Examine these with a low power of the microscope. Try and follow the
course of the arteries—those to the cortex sending their branches to the
glomeruli, those to the medulla rapidly dividing into pencils of fine vessels
which run between the straight urimferous tubules of that part. Notice also
the efferent vessels from the glomeruli breaking up mto the capillaries which
are distributed to the tubules of the cortical substance.

Make sketches showing these ponts.

The kidney is a compound tubular gland. To the naked eye it ap-
pears formed of two portions—a cortical and a medullary—the latter
being subdivided into a number of pyramidal portions (pyramids of
Malpighi), the base of each being surrounded by cortical substance, while
the apex projects in the form of a papilla into the dilated commence-
ment of the ureter (pelvis of the kidney).? DBoth cortex and medulla
are composed entirely of tubules —the uriniferous tubules—which have
8 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).

The uriniferous tubules begin in the cortical part of the organ in
dilatations, each enclosing a tuft or glomerulus of convoluted capillary

! For a method which may be employed for this purpose, see Course of Prac-
tical Histology, p. 209.

4 In many animals the whole kidney is formed of only a single pyramid, but
in man there are about twelve.
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blood-vessels, the dilated commencement of the tubule being hknown
as the capsule (fig. 200, 1). The tubule leaves the capsule by a nar-
row neck (2); 1t 1s at first convoluted (first convoluted tubule, 3), but

Fi. 200 —DIAGRAM OF 1HE (OULSI OT IWO URINIFIROUS 1UBUTES.

A, cortex, B, houndury zone, (, papillarv zone of the medulla, @, a/,superficial and deep
la) ers of cortex, free fromn glomeruli  I'or the explanation of the s, soe the text

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 tubule of Henle
(5). It does not at once, however, open into the pelvis of the kidney,
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but before reaching the end of the papilla it turns round in the form of
a loop (loop of Henle, ) and passes upwards again towards the cortex,
parallel to ils former course and somewhat larger than before (ascend-
ing tubule of Henle, 7, 8, 9). Arrived at the cortex, it at first becomes
irregularly zigzag (2igzag tubule, 10), and then again convoluted as at
first (second convoluted tubule, 11), eventually, however, narrowing into
a vessel (junctional tubule, 12) which joins a straight or collecting tubule
(13). This now passes straight through the medullary substance of
the kidney (14) to open at the apex of the papilla as one of the ducts
of Bellim (15).

The tubules are throughout bounded by a basement-membrane,

—

NG LA LA2
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d e
FrG. 201.—~11 BULRS 1 ROM A SFCIION OF THE DOG’S KIDNFY.

a, Capsule, enclosing the glomerulus, n, neck of the capsule, ¢, ¢, convoluted tubules;
b, irregnlar tubules, d, collecting tube, ¢, ¢, spiral tubes, f, part of the ascending imb
of Henle's loop, here (in the mcdullary ray) narrow.

which 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 reflecied over the glomerulus (fig. 201, a). In the
first convoluted and spiral tubules it is thick, and the cells show a
marked fibrillar structure (figs. 202, 208). Moreover, they interlock
laterally and are difficult of isolation ; in many animals they have been
shown to be ciliated. In the narrow descending limb of the looped
tubule (fig. 204, c), and in the loop itself, the cells are clear and flat-
tened and leave a considerable lumen; in the ascending limb they
again acquire the striated structure and nearly fill the lumen. The
fibrillations of the cells are still more marked in the zigzag tubules
(fig. 201, b), and a similar structure is present also in the second
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116 202 —S1RUCTURF OF rHF 1TIITHITIUM OF 1HI (ONVOIUIFD 1UBULTS,

d, section of a convolutc 1 tubule from th¢ rit showing the unaltered proto
plasm occupying a circular srea around the nucleus ot each cell, a b ¢
1golated cells from the convoluted tubules of the rat ¢ 1-0lated cells trom
the dog s kidney, vicwed from the wnner surface, and showing the irrcguln
centour of the protoplasm, f, 1rolated cells from the newt showingz the
ro ls an 1 the homogcnee us eutienlir laver

Iie 203 —PAri or A COAN-
VOIUIFD 1UBULE FROM
THI DOG$ KIDNI Y

11c 204.—~PoR1I0Ns OI TUBUIFS, ISOLATED.
(Cadiat )

«, large collec ting tubnle, b loop of Henle ¢, descending
tubule ot Henle
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convoluted tubules, into which these pass. On the other hand, the
Junctional tubule has a large lnmen and 18 lined by clear flattened
cells, and the collecting tubes have also a very distinet lunen and are
Imed by a clear cubical or columnar epithehum (figs. 201, d; 204, a).

168

F16. 205 —S1 ¢ 11ON ACRONS A 1 ATILLA OI IMI KIDNFY,

(Cadiat )

a large collecting tubes (ducts of Bellim) b ¢ d, tubules of Henle ¢,/ bloo1 capillaries

The following gives a tabular view of the paits which compose a
urnuferous tubule, and the natuie of the epithehum mn each part

Partion of tubule !

Capsule
First convoluted
tube

Spiral tube .

Smallor descend
ing tube of
Henle

Loop of Henle

Larger or ascend
mg tube of
Henle

Zayzag tube .

Second convo-
luted tube

Junctional tube

Straight or col
lecting tube
Duct of Belhm

N\aturc of epithelium

Flattened, reflected over glomeiulus

Cubical, nibrillated, ciliated, the cells
interlocking

Cuunical, fibrillated (like the last)

Clear, flattcned cells

partlypapillary zone
of medulla

Like the last .| Papillary zone of
medulla

Cubical, ibnillated, sometimes 1mbn
cated

Cells strongly fibrillated , varying 1n
height, lumen small

Similar to first convoluted tube, but
cells are longer, with larger nucles,
and they have a more refractive
aspect

Cleax flaitened and cubieal cells

Clear, cubical and columnar cells

. { Clear, columnar cells . .

.| Medullary ray of cor
tex

T osttion of tubule

Labynnth of cortex
Labyrinth of cortex

Boundary zone and

Medulla, and medul
lary ray of cortex

Labyrinth of cortex
Labyrinth of cortex

Labyrinth passing to
medullary ray
Medullary ray and
medulla

Opens at apex of

papilla

PR
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Blood-vessels.—The artery of the kidney divides into branches
on entering the organ, and thesc branclies pass towards the cortex,
forming incomplete arches between the cortex and the medulla (fig.
206, a). The branches of the renal vein form similar but more com-
plete arches (g). From the arterial arches vesscls pass through the

F16. 206,—VASCULAR sUPPLY OF KIDNLY. (Cadiat.)

a, part of arterlal arch; b, interlobular artery; ¢, glomerulus; d, efferent vessel passing to
medulla as false art. vect. ; e, capillaries of cortex ; /, capillaries of medulla; g, venous
arch; A, straight veins of medulls ; 7, vena stellula; 3, interlobular vemn,

cortex (interlobular arteries, b), and give off at intervals small arteri-
oles (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 eﬁefent ves_ael
passes out, and this at once again breaks up into capillaries, which
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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 which have a somewhat
stellate arrangement near the capsule (vene stellule, j).

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
of the medulla. These arterioles gradually break up into a capillary
network with elongated meshes which pervades the medulla (fig. 206, f),
and which terminates in a plexus of somewhat larger venous capillaries
in the papille. From these and from the other capillaries the veins

16, 207.—~SRCTION THROUGH PART OF THE DOG'S KIDNEY.,

9, papillary, and g, boundary zones of the medulla; ¢, cortical layer; A, bundles of
tubules in the boundary layer, sepurated by spaces, b, containing bunches of
vessels (not here represented), and prolonged into the cortex as the medulla
rays, m; ¢, intervals of cortex, composed chicfly of convoluted tubules, with
{rregular rows of glomeruli, between the medullary rays.

collect the blood, and pass, accompanying the straight arterioles, into
the venous arches between the cortex and medulla. The groups of
small arteries and veins (vasa recta) in the part of the medulla nearest
the cortex alternate with groups of the uriniferous tubules, and this
arrangement confers a striated aspect upon this portion of the medulla
(boundary zone, see fig. 207).

The efferent vessels of those glomeruli which are situated nearest
to the medulla may also break up into pencils of fine vessels (false
arterie recte) and join the capillary network of the medulla (fig. 198, d).

Between the uriniferous tubules, and supporting the blood-vessels,
is & certain amount of connective tissue (fig. 205), within which are

. cleft-like spaces from which tho lymphatics of the organ originate.
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LESSON XXXIV.

STRUCTURE OF THE URETER, BLADDER, AND MALE
GENERATIVE ORGANS.

1. SECTION across the ureter.
&

2. Section of the urinary bladder vertical to the surface.

In the sections of the ureter and of the urmary bladder, notice the
transitional epithelium resting on & mucous membrane, which is composed
chiefly of areolar tissue without glands, and the muscular coat outside this.
In the ureter there is some fibrous tissue outside the muscular coat, and at
the upper part of the bladder there is a layer of serous membrane covering
the muscular tissue. Sketch a scction of the ureter under a low power, and
the epithelinum of the bladder under the high power.

8. Bection across the penis. The blood-vessels of the organ should have been
injected so as the better to exhibit the arrangement of the +enous spaces which
constitute the erectile tissue. Notice the large venous sinuses of the corpora
cavernosa and the smaller spaces of the corpus spongioswun, in the mddle 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 hardened in alcohol and pieces of which
have been stained in bulk in dilute logwood. In these sections notice the
strong capsule surrounding the gland, the substance of which consists of
tubules which are variously cut, and the epithelium in which is in different
conditions of development in the different tubules. Observe the strands of
polyhedral interstitial cells lying in the loose tissue between the tubules and the
lﬁmphatic clefts in that tissue. Notice also in sections through the epididymis
the ciliated 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. The spermatozoa are to be obtained
fresh from the testis or seminal vesicles of a recently killed animal and ex-
amined 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 sketch thaee or four spermatozoa.

The ureter is a muscular tube lined by mucous membrane. The
muscular coat consists of three layers of plain muscular tissue, an
outer and inner longitudinal and a middle circular. Outside the mus-
cular coat is & layer of fibrous tissue in which the blood-vessels and
@erves ramify before entering the muscular layer.

The mucous membrane is composed of areolar tissue and is lir
by transitional epithelium.
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The urinary bladder has a muscular wall lined by a strong mucous
membrane and covered in part by a serous coat.

The muscular coat consists of three layers, but the innermost is
incomplete. The principal fibres run longitudinally and circularly,
and the eircular fibres are collected into a layer of some thickness
which immediately surrounds the commencement of the urethra, form-
ing the sphincter vesice. The mucous membrane is lined by a transi-
tional stratified epithelium like that of the ureter. The shape and
structure of the cells have already been studied.

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 spongiosum in the middle line inferiorly. All these are
bounded by a strong capsule of fibrous and muscular tissue, containing
also many elastic fibres and sending in strong septa or trabeculs,

Fiu. 208.—SkC110N OF ERKCT1ILE TISSUE. (Cadiat.)

a, trabecnla: of connective tissue, with elastic fibres, and bundles of plain muscular
tissue (¢); b, venous spaces.

which form the boundaries of the cavernous spaces of the erectile tissue
(fig. 208). The arteries of the tissue run in these trabeculs, 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 often 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
by columnar epithelium, except near its orifice, where the epithelium is
stratified. The epithelium rests upon a vascular mucous membrane,
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and this again is supported by a coating of submucous tissue, con-
taining two layers of plain muscular fibres—an inner longitudinal and
an outer circular. Outside this again is a close plexus of small veins
which‘ are connected with, and may be said to form part of, the corpus
spongiosum.

The mucous 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 lacunm. 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 secrete mucus.

The prostate, which surrounds the commencement of the urethra,
is & muscular and glandular mass, the glands of which are composed
of tubular alveoli, lined by columuar epithelinm, with smaller cells
lying between them and the basement-membrane. Their ducts open
upon the floor of the urethra.

The integument of the penis contains numerous special nerve end-
organs of the naturc of end-bulbs, and Pacinian bodies have also been

F1¢. 210.—PLAN OF A VER-

Fi6. 209.~TRANSVERSE Sk(-

TION THROUGH THE RIGUHT TICAL S8ECTION OF THE
TENTICLE AND THE TUNICA TESTICLE, SHOWING THLE
VAGINALIS. ARRANGEMENT OF THE

a, connective tissue enveloping brers.

the parietal layer of the tunica
vaginalis; b, this layer itself ;
¢, cavity of the tunica vagi-
nalis; d, reflected or visceral
la.%er adliering to ¢, the tunica
albuginea ; 1, covermg of epi-
didymis (g); h, mediastinum
testis ; 4, branches of the sper-
matic artery: &, spermatic
vein ; I, vas deferens ; m, small
artery of the vas deferens;
, 0, septa or processes from the
mediastinum to the surface.

The true length and diameter of
the ducts have been disre-
garded. a, a, tubuli seminferi
coiled up in the separate lobes ;
b, va-a recta; ¢, rete vascu-
losum ; d, vasa cfferentia end-
ing in the coni vasculosi ; ¢, g,
convoluted canal of the epi-
didymis; A, vas deferens; J,
section of the back part of the
tunica albuginea; 1, i, fibrous
processes running between the
lobes ; f to s, mediastinam,

found upon the nerves. Lymphatic vessels are numerous in the in-
tegument of the organ and also in the submucous tissue of the urethra.
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uniting with the other straight tubules, a network of intercom-
municating vessels, which is known as the rete festis. 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 tubules are formed of
& basement-membrane, and contain several layers of epithelium-cells.
Of these layers, the one next the basement-membrane is a uniform
layer of clear cubical cells (/ining epithelium), the nuclei of which, for
the most part, exhibit the irregular network which is characteristic of

F16. 212.~81 C110N OF PARSS OF THREE SFMINIILLOUS JUBULKS OF THL KAl

@, with the spermatozoa least advanced n development ; b, more advanced, ¢, contaimng
fully developed spermatosoi. Between the tubules are seen strands of mterstitwl cells
with blood-vesscls and Iymph-spaces.

the resting condition. Here and there these epithelium-cells appear
enlarged and to project between the more internal layers.

Next to this layer of cubical epitheliumn there is seen a layer of
larger cells (spermatogenic cells), the nuclei of which have the skein-
like aspect which is typical of commencing division ; these cells may
be two, three, or more deep (as in the tubule a, fig. 212). Next to them,
and most internal, are to be seen in some tubules (b and ¢) a large
number of small protoplasmic co1puscles with simple cirecular nuclei
(spermatoblasts). In other tubules these corpuscles are elongated,
and the nucleus is at one end, 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. 212, b). As they become matured
they gradually pass altogether towards the lumen, where they eventually
become free (¢). During the time that this crop of spermatozoa has
been forming, another set of spermatoblasts has been produced by the
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division of the spermatogenic cells, and on the discharge of the sperma-
tozoa the process is repeated as before.

The straight tubules which lead from the convoluted seminiferous
tubes into the rete testis (fig. 211) are lined only by a single layer
of clear flattened or cubical epithelium. The tubules of the rete also
have a simple epithelial lining, but the basement-membrane is here
absent, the epithelium being supported directly by the conmective
tissue of the mediastinum.

The efferent tubules which pass from the rete to the epididymis,
and the tube of the epididymus 1tself, are hned by columnar ciliated
epithelium, the cilia being very long ; these tubes have a considerable
amount of plain muscular tissue 1n thenr wall.

F16. 213.—SECIION ACROSS 1HE COMMENC(EMEN1 OF
THF¥ VA8 DEFERENS.
a, epithelinm , b, mucous membrane ; ¢, d, e, inner, mddle, and

outer layers of the muscular coat, f, bundles of the internal
cremaster muscles , ¢ section of a blood-vessel.

The vas deferens (fig. 218) is a thick tube, the wall of which 1s
formed of an outer thick layer of longitudinal bundles of plain muscular
tissue ; within this an equally thick layer of circular bundles of the same
tissue, and within this again a thin 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 connective tissue between the tubules of the testis is of very
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loose texture, and contains numerous lymphatic clefts, which form an
intercommunicating system of commeneing lymphatio vessels. Lying
in this intertubular tissue are strands of polyhedral epithelium-like
cells (interstitial cells) of a yellowish colour; they are much more
abundant in some species of animals (cat, boar) than in others. They
accompany the blood-vessels before tirese break up to form the capillary
networks which cover the walls of the seminiferous tubules.

F16. 214.—I{UMAN SPERMA10Z0A.
1, in profile ; 2, viewed on the tlat b, head; ¢, muddle-pioce, d, tail ; ¢, end-piece of the tail.

The spermatozoa.—Each spermatozeon consists of three parts, a
head, a middle part or body, and a long tapering and vibratile Zail.
In man (fig. 214) the head is of a flattened oval shape, somewhat more
flattened and pointed anteriorly; and the middle-piece is short and
cylindrical, and appears to have a spiral fibre passing round it ; but in
different animals the shape of the head and the extent of the middle-
piece vary greatly. In the rat the head is long, and is recurved ante-
riorly ; it is set obliquely on the middle-piece, which is also of con-
siderable extent, and has a closely wound spiral filament encireling it
in its whole length. The tail is the longest part of the spermatozoon,
and during life is in continual vibratile motion, the action resembling
that of the cilia of a ciliated epithelium-cell.

The spermatozoun are developed from the small cells or spermato-
blasts which form the innermost strata of the seminal epithelium, and
are themselves produced by the division of the large cells of the second
layer. The nucleus of the spermatoblast forms the head of the sperma-
tozoon, while the protoplasm forms first the middlo-piece and subse-
quently the tail; but a portion of the protoplasm of each spermato-
blast containing a number of small darkly staining particles (seminal
granules) appears always to become detached and disintegrated before
the spermatozoen is fully mature.

N
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LESSON XXXV.

GENERATIVE ORGANS OF THE FEMALE, AND MAMMARY
GLANDS.

1. BecriOoNs of the ovary of the 1abbit. Study the sections with the low
power, observing the small and large Giaafian veaicles, each enclosing an
ovum, scattered through the stroma. Measure some Graafian vesicles of
different sizes ; make a general sketch of a section under the low power.
Then sketch carefully two or more of the Graafian vesicles with their contents.

2. Bectionsacross the Fallopian tube. 8ketch a section under the low power.

3. Section across the body of the uterus. Observe with the naked eye
the thickness of the muscular and mucous coats respectively. Notice the
ciliated columnar epithellum hming 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 1n the alveoli and also 1n the alveolar cells. Draw an
alveolus under the high power.

The ovary 1s a small sohd organ, composed of a stroma of fibrous
tissne, with many spindle shaped cells, and also containing, especially
near 1ts attachment to the broad higament, a large number of plain

e

¥1G6. 215 —SLCIION OF 'k OVARY OF 1HE CAT §

1, outer coverng and frec border of the ovary, 1/, attached border, 2, the central ovarian
atroma, prextnting = flbrous and vascular structure, 3, peripheral stroms, 4, blood-
vessels , 5, Graafian follicles 1 their earhiest stages lying near the surface, 6, 7, 8, more
advanced follicles which are embedded more deeply 1n the stroma , 9, an almost mature
follicle containing the ovum in its deepest part, ¥, a follicle from which the ovum has
aocidentally escaped , 10, corpus luteum
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muscular fibres. It is covered by a layer of small colunnar epithelium-
cells (germinal epithelsum, fig. 216, a), between which are here and
there to be seen a few larger spheroidal cells, with large round nuelei
(prumtwe ova, fig. 218, ¢). In the young subject the epithelium may
occasionally dip down into the subjacent stroma.

The stroma is beset with vesicles of different sizes, the smallest

116. 200 —S1LC1ION OF THF OVARY OF AN ADUII LIl %

u, gern « pitheham , b, egg tubes, ¢, ¢, small follicled, d more advanced follicle, ¢ discus pro
ligerus and ovum , f, second ovam 1n the sume tollicle (this occmrs but rarely ), ¢, outer
tunic of the follicle, A, inner tunic, 1, membrana granulosa. &, collapsed rctrograded
tollicle , I, blood vesscls , m, m, longitudinal and transverse ections of tubes of the paro
varum , y, mvoluted portion of the germ-¢ pithehum of the surface, 2, place of the trins
tion from peritoneal to germinal or ovarian epifhehum

being near the surface of the organ, the laiger ones placed more deeply
m the stroma, although, as they incgease n size, they may again tend
to approach the surface.

These vesicles are the Graafian } folliles.  Each Graafian follicle
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has a proper wall of basement-membrane, strengthened by a layer
derived from the stroma, and contains an ovum, surrounded by a
number of epithelium-cells, In the smallest follicles the ovum is
small, and the epithelium of the follicle is formed of a single layer of
cells, which are flattened against the ovum. In somewhat larger
follicles the epithelium-cells are in two layers, and these are columnar
in shape. In still larger ones, each of these two layers is formed of
several strata of cells, and fluid has begun to collect between the
layers at one part. Of the two layers, the one which lines the cavity
of the follicle is termed the membrana granulosa, while the mass of
cells which more immediately surrounds the ovum is known as the
discus proligerus.

In the largest follicles the flmud 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,
where it eventually bursts, and the liquor folliculi, with its contained
ovum, is set free. This event occurs at about the time of menstrua-
tion.!

Fie. 217.—SI MI"-DIAGRAMMALIC REPRLSEN1AIION OF A MAMVALIAN OVUM.
(Highly magnified.)
zp, zona pellucidn ; 3, vitellus ; gv, germinal vesicle; gs, germinal apot.

The ova are large spheroidal cells (fig. 217). When mature, as in
the largest Graafian follicles, sach ovum is surrounded by a thick
transparent striated membrane (zona pellucida). Within this is the
protoplasm of the cell (ritellus), 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). Both
the ova and the epithehumn of the Graafian follicles are developed

! Some of the Graafian follicles do not burst, but, after attaining a certain
‘slgage of maturity, undergo a process of retrograde metamorphosis and eventually

isappear.
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originally from the germinal epithelium. In the embryo, this forms
a thick layer, covering the fibrous and vascular stroma. After a time
solid cords of epithelium-cells, which in some animals are partly
tubular (ovarian tubes of Pfliiger), grow down into the stroma, whilst
this at the same time grows into the epithelium. The cords presently
become broken up by the ingrowths of stroma into small isolated nests
of epithelium-cells, each of which may represent a Graafian follicle.
To form the ova, some of the germinal epithelium-cells become en-
larged, 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. 218).

F1i. 218,—SKCrION o' 1HE OVARY OF A NLWLY BorN cmiub,  (Highly maguified.)

@, ovanan or germnal epithchum ; b, formation of an ovaran tube ; e, ¢, primordial ova lying

in the germ-epithehun; d, d, longer tube becomng constricted <o as to form nests of

cells; ¢, ¢, larger nests; 7, distinctly formed follicle with ovum and epithelium; g, g,

blood-vessels,

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 7nterstitial cells, like those found in the
intertubular tissue of the testis. They are most abundant near the
hilus. Corpora lutea may also be seen in the stroma. These are
large yellow nodules, which are developed out of the Graafian follicles
after the ovam has become extruded. They consist of columns of
large yellowish cells, with intervening vascular fibrous tissue, which
converge to a central strand of connective tissue occupying the axis of
the nodule. The columns of yellow cells are not unlike those of the
cortex of the suprarenal capsule. The cells are derived from the
membrana granulosa of the follicle, which becomes thickened and
folded ; between the folds connective tissue and blood-vessels grow in
towards the centre, and in this way the corpus luteum becomes
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developed. After persisting for a time it gradually shrinks and disap-
pears, bus it becomes larger and remains longer persistent in the event
of pregnancy supervening.

The Fallopian tubes are chiefly composed of plain muscular tissue
disposed circularly. They are lined by & mucous membrane which is
covered with ciliated epithelium. Externally they are covered by a
serous coat, within which is a thin layer of longitudinal muscular fibres
overlying the circular fibres.

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
composed of plain muscular fibres disposed in two imperfectly separated
strata. Of these the outer is much the thinner, and its fibres are dis-
posed partly longitudinally, partly circularly. The inner muscular
layer, on the other hand, is very thick ; its fibres run in different direc-
tions, 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 imperfeetly separated from the thinner
external layer by the ramifications of the larger blood-vossels, and
probably represents a much-hypertrophied muscularis mucoss.

8. Amucous membrane, which is very thick ard is composed of soft
connective tissue containing a large number of spi.1dle-shaped cells. It
contains long, simple, tubular glands (fig. 219), which take a curved or
convoluted course in passing through the membrane. They are lined
by ciliated epithelium continuous with that which covers the inner
surface of the mucous membrane. Inthe 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
becomes stratified and overlies vascular papille of the corium. The
mucous membrane is exceedingly vascular, and it also contains a large
number of lymphatic vessels.

At each menstrual period the greater part of the mueous membrane
of the body undergoes a process of disintegration accompanied by an
escape of blood from the capillaries of the membrane. This is suc-
ceeded by a rapid renewal of the membrane. Should gestation super-
vene, the process of renewal results in the formation of a greatly
thickened mueous membrane, with long convoluted glands, which is
then known a# the decidna.

The mammary glands are compound racemose glands which open
by numerous ducts upon the apex of the nipple. The ducts are dilated
into small reservoirs just before reaching the nipple. If traced back-
wards, they are found as in other eompound racemose glands to com-
mence in groups of saccular alveoli. The walls of the ducts and alveoli
are formed of a basement-membrane lined by a simple layer of flattened
epithelium (fig. 220, 4). Bnt during lactation, when the gland is in
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F16. 219.—SECTION OF
THE MULCOUS MEM-
BRANE OF THE T k-
RUS FROM NEAR
THE FUNDUY

a, (pithelum of inner
surface; b, ¥, uterine
glands; ¢,interglandular
conuective tissue; d.
muscular tigsue,
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activity, the cells of the alveoli become much enlarged and of a columnar
shape, and fatty globules become formed within them (B). These fatty
globules appear to become set free by the breaking down of the inner part
of the cell, the protoplasm of the cells becoming partially dissolved and

Fig, 220.—ALVEOLI OF 11K MAMMARY GLAND OF THE BI1CH 'UNDER DIFFERENT
CONDITIONS OF ACTIVITY.

4, section through the middle of two alveoli at the o of lactation, the
epithelium-cells being seem in protle ; B, an alveolus in full sec ?to!y twtivity

forming the proteid substances of the milk, According to some authors,
1ymph-corpuscles may also carry fat into the alveoli and there become
disintegrated. At the commencement of lactation this disintegration
is imperfect, so that numerous cells containing fat-particles appear in
the secretion (colostrum corpuscles).
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LESSON XXXVI.
STRUCTURE OF THE SPINAL CORD.

1. SecrioNs of the spinal cord from the cervical, dorsal, and lumbar regions.

[The spinal cord is hardened by being mmmersed for about a month in
bichromate of amnmonia solution (2 per cent.) ; the scctions are made with a
freezing microtome and are stainod with aunilinc blue black.!

Notice the relative extent of the grey as compared with the white matter
in the different regions of the cord. In the white matter the stained dots
are sections of the axis-cylinders of the longitudinally disposed medul'ated
nerve-fibres ; the tissue between the nerve-tibres is neuroglia. In the grey
matter the branched nerve-cells are conspicuous, lying m s reticular sub-
stance which is formed of neuroglia together with an interlacement of nerve-
fibres and cell-processes.

Sketch 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 diameter of some of the nerve-fibres in the anterior columns,
in the lateral columns, and in the posterior columns.

The spinal cord is composed of grey matter in the centre and of
white matter externally. It is closely invested by a layer of connective
tissue containing numerous blood-vessels (pia mater), and less closely
by two other membranes. One of these is an areolar membrane, re-
sembling a serous membrane in general structure, but non-vascular and
more delicate in texture (arachnoid). The other, which lines the
vertebral canal, is a strong fibrous membrane known as the dura mater.
At the middle of the anterior and posterior surfaces the pia mater dips
into the substance of the cord in the anterior and posterior median fis-
sures, 80 a8 to divide it almost completely into two lateral halves. These
are, however, united by an isthmus or 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 (central canal, fig. 221, e).

Each 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 cornua of the crescent the

! See Appendix.
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posterior is the narrower aud comes near the surface of the cord;
opposite to it the bundles of the posterior nerve-roots enter the cord.
The bundles of the anterior nerve-roots enter the anterior cornu.

The white matter of each half of the cord is subdivided by the
passage of the nerve-roots into the cornua into three principal columns
—anterior, lateral, and posterior. It is composed of longitudinally
coursing medullated nerve-fibres, which in stained sections appear as
clear circular areas with a stained dot, the axis-eylinder, near the
middle (fig. 222).

Fia, 221.—SEC110K OF 1HE SPINAL CORD IN I'IE LOWLR DORSAL RFGION. (Cadiat.)
A, B, C, anterior, latersl, and posterior columns ; s, &, anterior and postcrior medan flasures.
n, b, ¢, cells of anterior cornu ; d, posterior cornu and suhstantiy gelatinoda of Rolando ;

€, central canal, f, vems, g, anterior 10ot-bundles, A, posterior root-bundles ; 3, white
commassure ; j, grey commissure ; I, reticular formation,

The medullated fibres are supported by a peculiar reticular tissue
(newroglia) which contains a number of nuclei embedded in it and
appears to be composed of branched fibrillated cells (neuroglia-cells).
The neuroglia is accumulated in greater amount at the surface of the
cord underneath the pia mater (fig. 222), and it extends into the grey
matter, of which it may be said to form the basis, and in which it is
especially accumulated at the apex of the posterior cornu and around
the central canal (substantia gelatinosa of Rolando).
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The grey matter, besides neuroglia, consists of an interlacement of
nerve-fibres and of the hranching processes of the nerve-cells which are
embedded in it.

F16, 222.—~A SMATI PORILION OF A FRANSVEFRSE SI(TION OF 1HE HU VAN SPINAL CORD
IN IHE RFGION Ol THE LAIKRAI (OIUMN, FO SHOW IHE SUPFRIICIAL NIUROGLIA,

a a, cuperficial neuroglin, b b tranaverse section of part of the lateral column of the cord, 1n
which the dark pomnts are the axis-cylinders, and the clear areas the medullary substance
of the nerve-fibres The superficial ncuroglis 14 scen to cxhibit the appearance of 1 fine net-
work in which numerous nucler and one or two corpora amylacea are embedded, and to
extend inwards among the nerve-fibres,

Dusposition of the nerve-fibres of the white columns in tracts.—
The nerve-fibres vary in size in different parts of the white columns.
They are smallest in the posterior columns, especially in that part
of the posterior column which is next the posterior median fissure
(posterior median column), and largest in the posterior part of the
lateral column, but also of considerable size in the anterior column.
This difference corresponds 1 some measure with the functions of the
nerve-fibres in those parts respectively. Thus the posterior part of
the lateral column which is characterised by the large size of its nerve-
fibres constitutes the tract along which voluntary motor impressions
pass down the spinal cord from the opposite side of the brain, after
having crossed at the pyramids of the medulla oblongata (crossed
pyramidal tract, fig. 228, c.p.t.). The large fibres which lie in the
anterior columns next to the anterior median fissure, and the upper
part of the cord, belong to a portion of the same tract which has not
undergone decussation (direct pyramidal tract, d.p.t.). The small
fibres of the posterior median column belong to a tract which is only
distinet above the middle of the dorsal region of the cord, and is known
as the tract of Goll (fig. 228, g). The rest of the posterior column is
termed the cumeate fasciculus, and is chiefly composed of the fibres
of the posterior nerve-roots which run for a short distance in it before
entering the grey matter. In the lateral column there is another tract
which is distinet in the cervical and dorsal regions. This lies external
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to the crossed pyramidal tract, and consists of large fibres which pass
ap into the cerebellum (direct cerebellar tract, c.t.).

.

l'.p.f.

1

Fra. 2:3.— DIAGRAMMATIC SRC-
TIONS OF ‘1HE KPINAL CORD AT
DIFFFRENT PARTS, TO SHOW 1HI.
C(HIEI' LOCALISED TRACTS OF

1711,
ot 1IBRES IN THE WHITE SUB-
o ~rANCE., (One and a bhalf times
eputs the natural size.)

at the level of the sixth cervicat
nerve; /4. of the third dorsal ; 7/1.
of the sixth dor<al; /V. of the
tweltth dor<al ; F. at the level of the
fourth lumbar, d.p.t. direct or an-
terior pymmudal tracts; e.p.l. crossed
or laterl py ramdal traets ; e, direct
cerebellar tract ; o, trg € of (Goll,

b

The course of the nerve-tracts in the spinal cord, and in other parts
of the central nervous system, can best be made out by the study of
sections of the feetal cord, for it is found that the development of the
medullary substance occurs sooner in some tracts than in others, so that
it is easy to make out the distinction between them. Another method
consists in investigating the course which is pursued by degenerations
of the nerve-fibres in consequence of lesions produced accidentally or
purposely.

Disposition of the nerve-cells in the grey matter.—The nerve-cells
which are scattered through the grey matter are in part disposed into
definite groups. Thus there is a group of large multipolar nerve-cells
in the anterior cornu; their axis-cylinder processes pass out into the
anterior nerve-roots (column of the anterior cornu, fig. 221, a, b,¢). In
the middle dorsal region there is a well-marked group of large rounded
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nerve-cells at the base of the posterior cornu (Clarke’s column).
Another group is seen on the outer side of the grey matter lying in &
projection which is sometimes known as the lateral cornu (intermedio-
lateral tract). This also is only distinet in the dorsal region. The
cells of the posterior cornu are nov collected into a special group.
Course of the nerve-roots in the spinal cord.—The anterior roots
enter the anterior cornu in a number of bundles (fig. 224, a, a). Some
of their fibres (1, 1) are directly connected with the nerve-cells there,
others pass through the groy matter into the posterior cornu, others into

Fiu, 224 ~—DIAGRAM TO 1L-
LUSTRATE THI PROBABLK
COURSE TAKEN BY THE FI-
BRES OF THE NERVE-ROOTS
ON ENTERING THE SPINAL
CORD,

a, a, two bundles of the anterior
root of a nerve; 1, 1, some of
their fibres passing into the
lateral cells of the wuterior
cornu; 1Y 1Y, others passing
into the mesinl cells of the
same cornu ; 2, 2, fibres passing l
to the lateral colnmn of the
sume gide without joining
nerve-cells; 3, 3, fibres passing
towards the posterior cornun;
4, 4, fibres pasxing across the
anterior commissure, to enter
nerve-cells in the anterior cornu
of the other side; p, bundle
of the posterior root ; p, I, fibres
of its lateral or external division
coming through and around
the gelatinous snubstance of

Rolando ; some of these, 5, are 3

represented as becoming longi- A/ -
tudinal in the latter; others, 341 el amf 4
6, 6, as pussing towards the 4 5

anterior cornu, either directly

or after joining cells in the posterior cornu, and others, 7, as curving mwards towards the grey
commissure ; p, m, fibres of the mesial or inner division, entering the posterior column and then
becoming longitudinal ; p/, m', fibres from a posterior root which had joined the cord lower down
and entered the posterior columm, now passing mto the grey matter af the root of the posterior
cornu. Uf these, 8 iy represented as entering Clarke's column, 9, us curving around this and cours-
ing to the anterior cominissure, and 10 as passing towards the anterior cornu. The axis-cylinder
processes of tho oells of Clarke’s column are shown archiug round, and taking the direction of the
lateral column, a.on.%., anterior median fissure ; p.m.f., posterior median fissure ; c.c., central canal;
8.R., substantin gelatimosa of Rolando,

the lateral white column of the same side of the cord (2, 8), and others
again pass across in the isthmus to the anterior cornu of the opposite
side (4).

The fibres of the posterior roots (fig. 224, p) chiefly pass into the
posterior white columns, from which after a short course they enter
the grey matter and are partly connected with its cells, and partly pass
to the other side of the cord. Some of the fibres of the posterior
roots cuter the posterior cornu directly, and are believed to be con.
nected with the scattered cells of that cornu.

The central canal of the spinal cord is lined by columnar ciliated
epithelium-cells, which are surrounded by a quantity of neuroglia.
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The ocells are best gseen in the spinal cord of animals and in the child ;
in the human adult they have frequently become proliferated, and their
cilia are no longer visible.

Characters of the spinal cord in the several regions (fig. 225).
In the cervical region the white matter, especially that of the lateral

M s—-

16, 2253.~TRANSVERSL SICHIONS OF THI SPINAL (ORD AT DIKIEREN1 LEVELS.
(Twice the natural size.)
The letters and numbers indicate the pogition of each section ; Ca. at level of cocc) geal nerve ;

fac. 4 of 4th sacral ; L3 of 8rd lumbar, and so on, The grey substance is shaded dark, and
the nerve-cells within 1t are indioated by dots.

columns, occurs in largest proportion. The grey matter, especially in
the cervical enlargement, is in considerable amount (C 5), and it en-
croaches in the form of a network upon the adjacent part of the lateral
white column. The anterior cornua are thick and the posterior slender.
The posterior median column is distinetly marked off.
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In the dorsal region the grey matter is small in amount, and both
cornua are slender (D 5). The whole cord is smaller in diameter than
either in the cervical or lumbar region. The column 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 (L 5). The isthmus lies nearly in the centre of the cord,
whereas in the cervical and dorsal regions it is nearer the anterior
surface. The posterior median columns are not seen.

In the part of the spinal cord from which the sacral and coccygeal
nerve-roots take origin the grey matter largely preponderates, the
crescents forming thick irregular masses, and the grey isthmus being
also of cousiderable thickness.
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LESSON XXXVII
THE MEDULLA OBLONGATA, PONS, AND MESENCEPHALON.

1. Secrions of the medulla oblongata made, (@) at the level of the decussation
of the pyramids, () opposite the middle of the olivary body, and (c) just
above the olivary body.

2. Section through the middle of the pons Varolii.

8. 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-cells.

[The tissue is hardencd and the sections are prepared, stained, and
mounted in the sane way as the spinal cord.]

The structure of the medulla oblongata can best be made out by
the study of a series of seetions taken from below upwards, and by
tracing in these the changes which occur 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 pyramids
(fig. 226) has much the same form as a section through the upper part

F16. 226.—8ECTION OF 1HE Mk-
DULLA OBLONGATA Al 7THE
MIDDLE OF THE DECUSSATION
OF THE PYRAMIDS,

J, anterior, f.p. posterior fissure;
ap, pyramid ; @, remaing of part of
suterior cornn, separated by the
crossing bundles from the rest of the
grey metter; I, continuation of
lateral column of cord ; R, continua-
tion of substuntia gelatinosa of Ro-
lando; p.c. continuation of posterior
coruu of grey matter; f.¢. funiculus
gracilis,

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
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tract (p) from the lateral column of the spinal cord on each side
through the root of the anterior cornu and across the anterior median
fissure to the opposite anterior column of the medulla, where, together
with the fibres of the direct pyramidal tract, they constitute the promi-
nent mass of white fibres which is seen on the front of the medulla
on each side of the middle line, and is known as the pyramid. By this
passage of fibres through the grey matter the tip of the anterior
cornu (@) 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 lateral nucleus (fig. 22, n.l.)

A change also occurs in the posterior cornu in consequence of the
increased development of the posterior median and cuneate fasciculi.
This causes the posterior cornu (fig. 226, p c) 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 cornu swells out and causes a prominence
upon thesurface of the medulla, which is known as the tubercle of Rolando
(R). Grey matter also soon becomes formed within the upward pro-
longations of the posterior median column and of the cuneate fasciculus

f'iq ng.

prf

F16.227.—SEC 110N OF 1HE MLDUIT A
OBLONGAIA IN IHE REGION OF
THE SUPERIOR PYRAMIDAL DR US-
SATION.

a.m.f. anterior median fissure; 7.4,
superficial arciform fibres cmerging
from the fissure; py, pyramid; n.as.
nucleus of the arciform fibres; f.'.
deep arciform fibres becoming super- n X
ficial ; o, lower end of olivary nucleuy; -
o', accessory olivary nucleuz; nl. nu-
cleus lateralis: r.r. formatio 1eticu-
lari ; f.a 2 arciform fihres praceedung
irom formatio reticulans ; g, substantin
gelatinosa of Rolando; a.V. ascending
root of fifth nerve ; n.c. nucleus cunea-
tus; n.c’. external cuueate nucleus;
J.c. funiculus cuneatus: g, nucleus
gracilis ; 7.9. funmioulus gracilis; p.m.
posterior median fissuie; c.c. central
canal surrounded by grey matter, i
which are, n.X/. nucleus of the spinal
accessory, and n.X7/I. nucleus of the
hypoglossal ; s.d. superior pyramidal
decussation,

(fig. 227, n.g., n.c.), but most of the grey matter of the cornu becomes
broken up, by the passage of bundles of nerve-fibres through it, into a
reticular formation ( f.7), the production of which is already foreshadowed
in the upper part of the spinal cord. The central canal of the spinal cord
is gtill seen in the lower part of the medulla oblongata (c. ¢), but it comes
nearer to the posterior median fissure. The grey matter which sur-
rounds it contains two well-marked groups of nerve-cells ; the anterior
of these is the nucleus of the hypoglossal or twelfth nerve (n. x11.), the
posterior that of the spinal accessory or eleventh (n. xr.). Instead of the
o
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comparatively narrow isthmus which joins the two halves of the spinal
eord, s 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 a section at about the middle of an olivary body (fig. 228), it
will be seen that a marked change has been produced in the form of
the medulla and the arrangement of its grey matter, by the opening
out of the central canal into the fourth ventricle. This causes the grey
matter which below surrounded the central canal to be now spread

F16. 228, —~SkCTION OF THE MEK-
DULLA OBLONGATA AT AROUT
THE MIDDLK OF THE OLIVARY
BODY, §

nXi

tle. anterior median fissure; n.ar,
nucleus arciformis; p, pyramid;
X/i. bundle of hypoglossal nerve
emerging from the surface; at b it
is seen coursing hetween the pyra-
mid aud the olivary nuclous, o;
J.ae. external arciform fibres; al.
nucleus lateralis ; ¢, arciform fibres
passaing  towards restiform body
partly through the substantia gela-
tinons, ¢, partly superficial to the
ascending root of the fifth nerve,
a.V.; X, bundle of vagus root,
emerging ; 7.7. formatio reticularis ;
e.r. oorpus restiforme, beginning to
be form §, chiefly by arciform fibres,
~uperfic H and deep; n.c. nucleus
cuneatus; n.g. nuclens gracilis;
{, attachment of the ligula; s.s.
iuniculus solitarius; n# X. nX.
two parts of the vagus nucleus;
n.XI1. hypoglossal nucleus; n.f.
nucleus of the funiculus teres;
n.am, nucleus amhguus ; r, raphe;
.4, continuation of anterior column
ol cord; o), o, accessory olivary
nuclei; olivary nucleus; p.ol. pe-
dunculus ohve,

ont at the floor of that ventricle, and the collections of nerve-cells from
which the hypoglossal and spinal accessory nerves respectively arose
now, therefore, lie in a corresponding situation. At this level, how-
ever, the outer group which corresponds with the nucleus of the spinal
accessory in the lower part of the medulla has become the nucleus of
the vagus or tenth nerve. The nerve-bundles of the roots of these
nerves can be seen in the sections coursing through the thickness of
the medulla and emerging, those of the hypoglossal (xrzr.) just outgide
the pyramids, those of the spinal accessory and vagus (x.) at the side
of the medulla. The two sets of emerging fibres thus appear to sub-
divide each lateral half of the medulla into three areas—a posterior, &
middle, and an anterior. Of these the posterior is chiefly occupied by
the grey matter of the floor of the fourth ventricle, and, with fibres
which are passing obliqunely upwards and outwards towards the cere-
bellum, forming its inferior crus (restiform body, c.r.) ; and in addition
there is the continuation upwards of the portions of grey matter forming
the nuclei of the funiculus graeilis (n.g.), of the funiculus cunestus



THE MEDULLA OBLONGATA 195

(n.c.), and of the tubercle of Rolando (g). The anterior or mesial area
is ocoupied in front by the pyramid (p), and behind this by a reticular
formation (reticularis alba, A) composed of longitudinally coursing
bundles of fibres interlaced with fibres that are passing obliguely from
the opposite side, through the raphe, towards the restiform body (fig.
229, r.a.). The middle area, which lies hetween the issuing bundles
of the two sets of nerve-roots, consists in its deeper part of a similar

ra. XI1r ?a

F16. 229.—PART OF THE REIICULAR 10ORMAIION OF 1HE MADULI A OBLONGATA.

r.a. reticularis alba ; 7.¢. reticularis grisea; between them a root-bundle of the hypoglossus
(XI1,). The longitudinal fibres of the reticul sr formation are cut across, the transversely
eouh g fibres are internal arcuate fibres, parsing on the right of the figure towards the
raphe,

reticular formation (fig. 228, fr), but with more grey matter and
nerve-cells (reticularis grisea, fig. 229, r.g.) Superficially there is
developed within it & peculiar wavy lamina of grey matter containing a
large numbher of small nerve-cells; this is the nucleus of the olivary
bedy (fig. 228, 0).

The floor of the fourth veniricle is covered by a layer of ciliated
epithelium-cells, continuous below with those lining the central canal,

and above, through the Sylvian aqueduct, with the epithelium of the
62
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third and lateral ventricles. The fourth ventricle is roofed over by a
thin layer of pm mater, with projecting choroid plexuses, the under
sutface of which is covered by a thin epithelial layer continuous at the
side with the ciliated epithelium of the floor,

A section taken just above the level 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. 280, n. XII1.)
is still visible in the grey matter of the floor of the ventricle, but the
nerve which is now seen arising from the outer part of that grey
matter is the eighth or auditory (VIII.), the bundles of which, asthey
leave the medulla, enbrace the inferior crus of the cerebellum (c.r.),
which is now passing into that organ. The reticular formation still

F16. 280,~TRANSVERSF SECT10ON OF THF UPPFR PART OF 1HE MEDULLA
OBLONGATA. ’»

pv, pyramid ; o, ohivary nucleus, Va.ascending root of the fifth nerve, V/// inferior (pos-
terior) root of the auditory nerve, formed of two pn.m\. a, (striz acmtwna), und b, which
enclose the restiform body, ¢, a.VIII,p principa 1 of the
n. VIII ac aocessory nucleus, g, ganglion-cell! in the root nJ.. nucleus of the innlculus
teres; n XII, nucleus of the hypoglossal , 7, raphe.

occupies the greater part of each lateral half of the medulla 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,
a8 may aleo the upward continuation of the grey matter of the tubercle
of Rolando; this is intimately connected with some well-marked
bundles of nerve-fibres, whieh are passing up to the pons to join even-
tually the root of the fifth nerve (Va).

A section through the middle of the pons Varolii (fig. 281) shows
very much the same arrangement of grey and white matter as that
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which is met with at the upper part of the medulla, but the general
appearance of the section is much modified by the presence of a
large number of transversely coursing bundles of nerve-fibres which
are passing from one hemisphere of the cerebellum to the other.
Intermingled with these bundles is a considerable amount of grey
matter, The continuation upwards of the pyramids of the medulla
(py) is embedded between these transverse bundles and separated
by them from the reticular formation. The olivary nucleus is no

F1a. 281.—SECTION ACROSS THE PONS AT AROU1 1HE MIDDLE OF THE FOUR1H
VENIRICLE, {

¥, pyramid-bundles continued up from the medulla ; po, transverse fibres of the pons passing
from the middle orus of the cerebellum, before ( po ) and behind ( po’) the chicf pyramid
bundles ; ¢, deeper fibres of the same set, ¢ ing the D m ; the grey matter
between the transverdse fibres is not represented either in this or in the two following
figures ; 7, raphe; 0.5, superior olivary nucleus; a.¥. bundles of the ascending root of
the fifth nerve, enclosed by a prolongation of the grey substance of Rolande ; V7. the sixth
nerve ; n.V/. its nucleus ; VILI the facial nerve: V/ia.ntermediate portion of the same
nerve ; n.V11. its nucleus ; V/I/. anterior (superior) root of the auditory nerve ; n.V117,
part of its outer or anterior (superior) nucleus ; r, section of a vein,

longer seen, but there are one or two small collections of grey matter
which lie in the antero-lateral part of the reticular formation and are
known as the superior olivary nucleus (0.s.) 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 fifth cranial nerves
(soe figs. 281, 282). Of these the eighth and fifth take origin from groups
of nerve-cells which ocoupy the grey matter opposite the external border
of the floor of the ventricle ; the sixth from & group which is placed also
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Fic. 282.~0BLIQUE SECTION

OF THE PON8 ALONG THE
LINE OF EXIT TRAVERSED
BY THE FIFTH NERVE., }

The seotion pamses through the

lower part of the motor nu-
cleus (n'») from which a bundle '
of fibres of the motor root is
seen passing, ¥7; a part of the
upper sensory nucleus (nv) is
also shown in the section in the
form of & number of small iso-
lated portions of grey matter.
Amongst these are a few
bundles of the ascending root
cut across, but most of these
have already become diverted
outwards to join and assist in
forming the issuing part of the
main or sensory root, V; i,
small longitudinal bundle of
fibres near the median sul-
cus (m.s.), passing outwards
to join the root of the fifth
nerve; Jf.r. formatio retiou-
laris ; r, raphe; s/. substan-
tia tferruginea.

F16. 288.—~TRAXBVERSE SECTION THROUGH THE UPPER PART OF THE PONS.
(Rather more than twice the natural size.)!

P, transverse fibres of the pons; py, py, bundles of the pyramids; a, boundary line between
ental part of the pons and its ventral part ; I/, oblique fibres of the fillet, passing
ox

to 1, P, longitudinal fibres of the fllet; 7.r. formati
longitudinal bundle ; s.¢,p. superior cerebellax

o reticularis; p.l.

peduncle ; v.m. superior medullary velum ;

matter of the lingula ; v, 4, Tourth ventricle ; in the grey matter which bounds it

a1
hmil are seen, d.¥, the descending root of the fifth n
mnth’ i with th

erye, with

ite nuoleus, &/, sub-
leus of the aqueduct

ferruginea, g.c. group of oells

¥ The details of this and of severs] of the
bigher magnifying power than that used for

e

ding figures are flled in unders somewhat

g the outlines.
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in the grey matter of the floor of the ventricle but nearer the middle line,
and the seventh from a nucleus which lies in the formatio reticularis,
and from which the fibres of the nerve pass backwards to the floor of the
veniricle, then longitudinally upwards for a short distance, finally
bending forwards and downwards and emerging between the transverse
fibres at the sides of the pons.

At the upper part of the pons (fig. 288) the fourth ventricle narrows
congiderably towards the Sylvian aqueduct, and behind and on either

Fia, 234.—SEC 110NS 1HROUGH THL ORIGIN OF IIlk 10URLIH NERVI PN

1
A, transverse section at the place of emergence of the nerve-fibres, B, obligune section
carried along the course of the bundles from the nucleus of origin to the place of emei-
gence. Aq, Sylvian aqueduct, with 1ts surrounding gie) matter; /V the nerve-bundles
emerging, 7V'. decussation of the nerves of the two sides; J}”. & round bundle passing
downwards by the side of the aqueduct to emerge a hittle lower down , n /¥, nucleus of
the fourth nerve. [, fillet; s(.p., superor cerebellar peduncle, d.V. descending root of
the fifth nerve; zi, posterior longitudinal bundle ; 7, raphe.
side of it two considerable masses of longitudinal white fibres make their
appearance. These ure the superior crura of the cerebellum (s.c.p.),
and they tend as they pass upwards gradually to approach the middle
line (fig. 284 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 (fig. 285, A).

F16. 285.—~OUTLINE OF 1WO SECIIONS ACROSS 1HE MLSENCEPHALON. (Natural size.)

through the middle of the inferior corpora quadrigemina. B, through the middle of the

A snpe‘lzienr corpora quadrigemina, cr, crusta; sm. substantia nigra; ¢, tegmentun; s
Sylvian aqueduct, with its surrounding grey matter; c.g. grey matter of the corpora qua-
drigemina ; 1.g. lateral groove ; p.. posterior longitudinal bundle; d.V. descending root of
the fifth nerve; s.c.p. superior cerebellar peduncle ; 7, fillet; n./17. 1ts nucleus; 111, third
nerve. The dotted cirole in B indicates the situation of the tegmental nucleus,

In sections across the mesencephalon (fig. 235),_the upward con-
tinuity of the parts which have thus been described in the lower parts
of the nerve-centres, can still in great measure be traced.
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The Sylvian aqueduct (s), with its lining of ciliated epithelium, re-
presents the central canal of the cord and the fourth ventricle of the
medulla. In the grey matter which surrounds it (central grey matter)
there is seen in all sections of the region a group of large nerve-cells
lying anteriorly on each side of the middle line, close to the reticular
formation. From this group 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. 284).
Higher up the bundles of the third nerve spring from the continuation of
the same nucleus (fig. 285, n. £11.), and these pass forwards and down-
wards with a curved course through the reticular formation, to emerge
at the mesial side of the crusta.

The reticular formation of the pons is continued up into the mes-
encephalon, and is here known as the tegmentum. 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 superwor crura of the cerebellum ‘s.c.p.), and the fibres of
the fillet (f), which are passing in an oblique manner from the raphe
to the side of the mesencephalon, to reach eventually the grey matter
of the prominences of the corpora quadrigemina. The pyramid bundles
of the pons are continued upwards on each side in b the crusta (cr.).
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 crusta
is separated from the tegmentumn by a layer of grey matter containing
a number of very deeply pigmented nerve-cells which give it the name
of substantra mgra (s.n.) The crusta and tegmentum, together with
the intervening substantia nigra, constitute the crus cerebri.

The prominences of the corpora quadrigemina ate formed mainly
of grey matter containing numerous small 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. On the other hand, each of the prominences receives
from below fibres of the fillet, which are themselves traceable into the
posterior part of the lateral column of the medulla oblongata.
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LESSON XXXVIIL
STRUCTURE OF THE CEREBELLUM AND CEREBRUM.

L]
1. SectIoNs of the cerebellum across the direction of tho laminse and vertical
to the surface.

2. Section across the whole of one hemisphere of the cerebrum of a
monkey or man, passing through the middle of the third ventricle,

8. Vertical sections of the cerebral cortex, one from the ascending frontal
gyrus, another from the occipital lobe, and a third across the hippocampal
gyrus and hippocampus.

4. Transverse sections of the olfactory tract and bulb.

In all these preparations 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 cerebellum is composed of a white centre, and of a grey cortex,
both extending into all the folds or laminw, so thai when the lamins
are cut across, an appearance is presented of a white arborescence

Fi. 236.—~SE( TION 1HROUGH ONK OF PHE IIFVMISPHIRIS OF LHE (7
ro SHOW THE MFDULLARY C(INIRF AND IFS PROLONGATIONS IN1O THk
LAMELL L,

covered superficially by grey matter. The white matter is in largest
amount in the middle of each cerebellar hemisphere (fig. 286). There
is here present also a peculiar wavy lamina of grey matter, similar to
that in the olivary body, and known as the nucleus dentatus (n.d.).
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Other isolated grey nuclei lie in the white matter of the middle
lobe.

The grey matter of the cerebellum consists of two layers (fig. 287).
The ¢nner one (that next the white centre) is composed of a large
number of very small nerve-cells (granule layer, d). The outer layer

F16. 238.—~PROCFS8ES OF THF CORPUS-
(LES OF PURKINJE, CONNECTFD BY
THEIR FINKER BRAN(HES WI1H COR-
PUSCLES OF THE OUTER LAYER O
1HF (FRFBELLAR (ORTEX. (Highly
magnified.)

a, a, processes of the corpuscles of Purkinje;
b, & branch from one of them, which is con-
nected with two of the corpusoles of the
outer layer; ¢, ¢, scattcred branched cor-
puscles of this layer.

FiG. 287.—SEC110N OF CORT1EX OF ( ERF-
BELLUY,

pin mater ; b, external lsyer; ¢ layer of cor-
u’{:m!u of Purkinje; d, inner 01 granule
yer ; e, medullary centre.

(b) is thicker, and is formed of neuroglia, with rounded and angular
small nerve-cells and neuroglia-cells scattered through it. 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 taper-
ing cells, somewhat like the Miillerian fibres of the retina. Lying
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between the two layers of the
groy matter is an incomplete
stratum of large flask-shaped
cells (cells of Purkinge, c).
Each of these gives off from its
base a fine process, which be-
comes the axis-cylinder of one
of the medullated fibres of the
white centre, while from the
opposite pole of the cell large
ramified processes spread out
into the superficial layer of
the grey matter, and some of
these processes become con-
nected with its small nerve-
cells (fig. 288).

Structure of the cerebrum.
The grey matter of the ce-
rebral cortex is described as
being composed of a number
of layers, but they are not
sharply marked oft from one
another. The following are
usually distinguished (fig.
289).

1. Most externally a thin
stratum containing a few scat-
tered cells, probably neuro-
glia-cells. In the most super-
ficial part of this layer imme-
diately under the pia mater,
is a very thin stratum of
medullated nerve-fibres.

2. A layer of closely set
small pyramidal nerve-cells
several deep. This layer 1s
also thin.

& R 2

8. A thick layer contain- N~

ing larger and longer pyra- \\
midal cells less closely set. N «
These cells are largest in the
deepest part of the layer ; and RN
in the region of the motor N -2
centres of the brain some of 53 . i —
them are of very large size, = — o‘E‘_‘.o_g_.:::;_—:’_;;f!_::
a.ndua.re collected into small B e e e

. b . " hd
groups Lt T T e s

F1a. 289,
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4. A thin layer of numerous small irregular angular cells.

5. A rather thicker layer of small scattered cells, many of a fusi-
form shape. This layer lies next to the white centre. In the island
of Reil this stratum is considerably developed, and is somewhat sepa-

J ‘ ‘\
?jhr‘\‘-\
. '»».M

2 el

i

¢
W

F1G. 240,—~SECTION ACROMS THE HIPPOCAMPUS MAJOR, DEN1A1F 1ISSURF, DENTATE
1ASCIA AND IIMBRIA,

Gh, part of the ns hippocampr or uncinate convolution ; #d, fascin dentata, or dentate
convolution ; ween them is the dentate fissure, 1, fimbria, composed of longitudinal
fibres here cut across, 1, 2, medullary centre of the hippocampal gyrus prolonged around
the hippocampus, #, as the so-called alvens, into the fimbria; 8, layer of large pyramidal
oells ; 4, their processes (stratum radiatum), 5, reticular nenroglia (stratum lacinfosum) ;
6, 8| | medullary lamina, involuted around the dentate flasure ; * #, termination of
this lamina, the fibres here running longitudinally , 7, superficial neuroglia of the fascia
dentata ; #, ring of small cells within this (stratum granulosum)

rated from the rest of the grey matter by a layer of white substance.
It is known as the claustrum.

From the white centre bundles of medullated nerve-fibres pass in
vertical streaks through the deeper layers of the grey matter, to lose
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themselves amongst the pyramidal cells of the more superficial layers,
with processes from which they are probably continuous.

In the hippocampal region a remarkable difference of structure
manifests itself (fig. 240). The superficial layer of neuroglia and the
white stratum, which overlies it as a thin band in other parts of the
cortex, are in this region both very strongly marked (s, 6), the neuroglia
layer having a very distinctly reticular aspect, and being in part beset
with small cells. All the rest of the thickness of the grey matter
appears to be mainly composed of, or at legst to contain, long conical
cells (s, 4), the distal processes or apices of which are prolonged into
fibres which lose themselves in the superficial layer of neuroglia. The
pyramidal cells rest upon the white centre, here known as the alveus (1),
which is the part of the hippocampus seen within the ventricle, and
which is prolonged externally into the fimbria (¥1), where its fibres be-
come longitudinal in direction.

In the dentate gyrus (fascia dentata, fig. 240, Fd) the pyramidal
cells are arranged in an irregularly radiating manner, occupying the
centre of the convolution, and surrounded by a ring of closely packed
small cells (*), external to these being the relatively thick layer of
superficial neuroglia (7).

The olfactory tract is an outgrowth of the brain which was ori-
ginally hollow, and remains so in many animals; but in man the
eavity has become obliterated, and the centre is occupied by neuroglia,
containing, however, no nerve-cells (fig. 241). Outside the central

1

Fie. 241 —SK(110N ACROSS THL OL1 ACTORY 1RACT,

neuroglia lies the white or medullary substunce, consisting of bundles
of longitudinal white fibres. Most externally is a thin superficial
layer of neuroglia.

The olfactory bulb (fig. 242) has a more complicated structure.
Dorsally there is a flattened ring of longitudinal white bundles enclosing
neuroglia (1, 2, 3), 88 in the olfactory tract, but below this ring a
number of layers are superadded as follows :

1. A granule layer (fig. 242, 4), characterised by the presence of &
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large number of small nerve-cells with reticulating bundles of medul.
lated nerve fibres running between them.

2. An intermediate nerve-cell layer (6) consisting of neuroglia, in
which small pyramidal nerve-cells are embedded. This layer is also
traversed by medullated nerve-fibres, aud is partly separated from the
granule layer by irregular clefts (5).

8. The layer of olfactory glomeruli (7) consists of rounded nests of
small ganglion-cells, which appear to give origin to the olfactory nerve-
fibres. These pass between the glomeruli to enter the close plexus of
non-medullated nerve-fibres which lies directly over the cribriform plate.

4, This is the layer of olfactory nerve-fibres (8), and from it
branches (*) pass directly downwards to the nasal fosse.

a‘ 3 B, .”g'ﬂ'h

0@ B
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F1u, 242, 8FCTION ACROSS A PART OF 1HI OLFAC10RY BRULR.
1, 3, bundles of very fine transversely cut nerve-fibres, forming the fiattened medullary ring,
enclmmg the central neuroglia, 2, 4, granule-layer, 5, lovse tissue with irreguliar spacey

(? lymphatic), 6, intermediate layet 7, layer of olfncﬁory glomeruld, f, 11, 8, layer of
nervo-ﬂbres.

Basal ganglia.—Besides the grey matter of the cerebral cortex the
cerebral hemispheres conceal in their deeper parts certain other masses
of grey substance (fig. 248). The principal of these are the corpus
striatum (nucleus caudatus, c, and nucleus lenticularis, str) and optie
thalamus (th). Between them run the bundles of white fibres which are
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passing upwards from the crus cerebri, forming a white lamina termed
the wnternal capsule. Above the level of these nuclei the internal
capsule expands mnto the medullary centre of the hemisphere (see also
figs. 244 and 245, with ther description).

F16. 243, =L hONIAL SECLION 1HROUCH DHI LI AIN AND SKRUTL MADI WHIIST
IROZIN, 4

¢ ¢ corpus callosum, bhelow 1ts nuddle part the septum lnadum inl below that agam the
formx, 7 } laterul ventri le A thalamus betwecn the two thaaumi the third ventricle
is seen  hclow the thalamus s the subthalamie prolongatim of the tegmental region and
below this the prolongation of the crusta, st lentwnlar nucleus of the corpus stintum,
¢ caudate nucleus of the same , between ¢ 74 and 7 the internal capsule 19 scen outside
(2 s the thin grey band of the claustrum and outsi ¢ thns again the 15land of Reil ot the
bottom of tho dilvian fissure  » @ nucleus amygdde mincdrately within this 1s the optic
tract seen m section, p pitaitary body , B body of the sphenod bone , sa, subarachnoid
Bpace , t, villi of the awrchnod

The nucleus caudatus of the corpus striatuin 18 composed of a
reddish-grey neuroglia contaiming both moderately large and small mult-
polar nerve-cells. It receives fibres friom the part of the internal
capsule which separates 1t from the nucleus lenticularis, and next the
lateral ventricle 1t 1s covered by a thin layer of neurogha, and over
this by the epithelium of the cavity.

The nucleus lenticularis, which corresponds in position internally
with the island of Reil externally, 18 dinded by two wlite laminsm into
three zones. It is separated from the nucleus caudatus and optic thala-
mus by the internal capsule (figs. 244, 245, 1¢), which consists of the
bundles of medullary fibres which are passing between the white centre
of the hemisphere and the crus cerebr1; it receives on 1its inner side
many white fibres from the capsule, and these impart to it a radially
striasted aspect. Many of the nerve-cells of the nucleus lenticulans

contain yellow pigment.
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F16. 244 —SECTION ACROSS THE OPTIC THALAMUS AND (ORPUS STRIATUM IN THE
REGION OF THE MIDLLE 0OMMISSURE. (Natural size.)

th, thalamus ; g, ¢, {, its anterior, external, and internal nuclei respectively; w, its external
white layer ; m. ¢. middle commissure ; ¢. 3, third ventricle ; a small part 18 also seen below
the middle commissure ; ¢. ¢. corpus callosum ; £, fornix, separated from the third ventri-
ole and thalamus by the velum 1nterpositum. In the middle of this are seen the two veins
of Galen and the choroid plexuses ot the third ventriole; and at its edges the choroid
plexuses of the lateral ventricles, v.1. ; 2. s. teenia semicirenlaris ; er, forward prolongation
of the crusta passing laterally into the internal capsule, 1. ¢. ; 8. 4. 7. subthalamic prolonga-
tion of the tegmentum, consisting of (1) the dorsal layer, (2) the zona incerta, and (3) the
corpus subthal m ; & n. substantia nigra ; %, ¢ nucleus caudatus of the corpus stria-
tom ; #, I nucleus lenticulans; e. ¢, external capsule ; cl. claustrum I, island of Reil;
%, hippocampus ; d, fascia dentata.

F16. 245.— HOR1ZONTAL
SECTION THROUGH THE
MIDDLE OF THE RIGHT
CEREBRAL HEMISPHERE,
(Natural size.)

v.l. lateral ventricle, anterior
cornu; o, ¢, corpus callo-
sum ; ./, septam lucidum ;
a. f. anterior pillars of the
fornix; v. 8, third wven-
tricle; ¢A, thalamus opti-
ous; .. strin terminalis;
n. ¢. nucleua candatus, and
n, I, nuclens lenticularis of
the cotPuA striatum; 4, .
internal ocapsule; g, its
angle or genu; #. ¢, Zlﬂ of
the nucleus caudatus ap-
pearing in the descending
corny, of the lateral ven-
tricle; ¢l claustrum; 7,
island ot Reil.
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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 8 layer of white fibres, most marked next to the internal capsule,
fibres from which pass into the thalamus and serve to connect it with
the hemisphere.

The grey matter of the thalamus (fig. 244) is partially subdivided
by an oblique white lamina into a smaller, inner (i), and a larger,
outer, nucleus (e); these contain a number of small scattered nerve-
cells. Anteriorly another portion of grey matier (a) is divided off in a
gimilar way ; this contains comparatively lafge nerve-cells.

Attached to the optic thalamus below and externally are the two
geniculate bodies which are connected with the optic tract. The outer
geniculate body has a lamellated structure consisting of alternating
layers of grey and white matter.

The tegmentum of the crus cerebri is prolonged below the thala-
mus opticus into a mass of grey substance, with longitudinally and
obliquely crossing white bundles, which is known under the name of
subthalamic region. In it at least three parts differing from one
another in structure may be distinguished (see fig. 244, 1, 2, 3).

The pineal gland, 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 epithelini, and containing deposits of
earthy salts (brain s«nd). These may, however, oceur in other parts

¥Fre. 246~8ECTION OF THE UPPER PART OF THE BRAIN AND MENINGES TO SHOW THE
RELATIONS OF THE ARACHNOIDAL VILLL (Magnified.)

¢, corpus callosum ; f, falx cerebri; sa. subarachnoid space, pervaded by & network of

fine trabeouls ; from it the fungffonn villi are seen projecting into the dura mate:.
Some are projecting into the supetiqr longitudinal sinus, s

of the brain as well. The follicles are separated from one another by
vaseular connective tissue derived from the pia mater.
The pituitary body is a small reddish mass which lies in the sella
o
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F16. 244.—SECTION ACROSS THE OP1IC THALAMUS AND CORPUS STRIATUM IN THE
REGION OF THE MIDDLF COMMISSURE. (Natural size.)

th, thalamus ; a, e, 4, 1t anterior, external, and internsl nuclei respectively; w, ita external
whate ln.ver m. c. middle commadsure ; v. 3, third ventricle ; a small part 18 also seen below
the middle oommmsnre ¢ ¢, corpus oallomm J, formx, sepmted from the third ventri-
cle and thalamus by the velmn interpogitum n the middle of this are seen the two veins
of Galen and the chorold plexuses ot the third ventricle, and at its edges the choroid
plexuses of the lateral ventricles, v.2.; ¢ s teemin semmlrculnris cr, forward prolongation
of the crusta passing laterally into the internal capsule, § ¢ ; 4. r. 7. subthalamic prolonga-
tion of the begmentmn, oonslstlng of (l) the dorsal layer, (2) the zona incerta, and (38) the
corpus subth s & n substantia mgra , # ¢ nucleus caudatus \ the corpus strin-
tam, n, . nucleus lenticulans, e. ¢, external capsule, cl, claustrum /, island of Reil,
A, hxppommpus; d, fascia dentata.

Fic. 245.—HorizoNTAL
SECTION THROUGH THE
MIDDLE OF THE RIGHT
CEREBRAL HEMISPHERE.
(Natural size.)

v.l lateral ventriole, anterior
cornu; ¢.c. corpus callo-
sum ; 5, septum lucidum ;
a.f. anterior pillars of the
fornix, v, 8, third ven-
tricle, (lc, thalamus opti-
cus; ut. stria terminalis;
n, ¢. nucleus caudatus, and
n. l. nucleus lenticularis of
he f&ff’“ striatum; 4, c.
capsule; g, its
angle or genu; z. ¢, tail of
the nucleus caudatus ap-
pearing in the descending
cornu of the lateral vem-
tricle; el, olaustrum; J,
island of Rel

1.
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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 which pass into the thalamus and serve o connect it with
the hemisphere.

The grey matter of the thalamus (fig. 244) is partially subdivided
by an oblique white lamina into a smaller, inner (¢), and a larger,
outer, nucleus (e); these contain a number of small scattered nerve-
cells. Anteriorly another portion of grey matier (a) is divided off in &
similar way ; this contains comparatively lafge nerve-cells.

Attached to the optic thalamus below and externally are the two
geniculate bodies which are connected with the optic tract. The outer
geuniculate body has a lamellated structure consisting of alternating
layers of grey and white matter.

The tegmentum of the crus cerebri is prolonged below the thala-
mus opticus into a mass of grey substance, with longitudinally and
obliquely crossing white bundles, which is known under the name of
subthalamic region. In it at least three parts differing from one
another in structure may be distinguished (see fig. 244, 1, 2, 3).

The pineal gland, 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
earthy salts (brain sand). These may, however, occur in other parts

‘F1c. 246.—8ECTION OF THE UPPER PART OF THE BRAIN AND MENINGES TO SHOW THE
RELATIONS OF THE ARACHNOIDAL VILLL (Magnified.)

¢,c, corpus callosum ; f, falx cerebri; sa. subarachnoid space, pervaded by a network of
fine trabeculm ; from it the fungiferm villi are seen projecting into the dura mater,

Bome are pmjecting into the superior longitudinal sinus, s,

of the brain as well. The follicles are separated from one another by
vascular connective tissue derived from the pia mater.

'.T.‘he pituitary body is a small reddish mass which lies in the sella
P ~
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turcica, and is connected with the third ventricle by the infundibulum.
It oconsists of two lobes, a larger anterior, and a smaller posterior.
The anterior lobe is originally developed as a hollow protrusion of the
buocal 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 sometimes a colloid substance like that
oocurring in the vesicles of the thyroid has been found in them.

The posterior lobe of the pitwtary body, although developed from
the floor of the third ventricle, contains scarcely any perceptible
nervous elements in the’ adult. It consists chiefly of vasoular con-
nective tissue.

The membranes of the brain are similar in general structure to those
of the spinal cord, p. 185. The dura mater 18, however, more closely
adherent to the under surface of the bony cavity 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 (subarach-
noid trabeculse, fig. 246, s.a.) from the pia mater. In the vicinity of
the lougitudinal smus, small rounded elevations (arachnoidal villi,
Pacchionian glands) project into the dura mater, and even become em-
bedded 1n the skull 1tself,
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LESSON XXXIX. anp XL.

STRUCTURE OF THE EYELIDS AND OF THE PARTS OF
THE EYEBALL.

LESSON XXXIX.

1. SectioNs of the eyelid vertical to its surfaces and transverse to its long
axis. The lid should be hardened in alcohol, and the sections may be stained
with heematoxylin and mounted in the usual manner.

Notice the long sacculated Meibomian glands lying in dense connective
tissue close to the conjunctival surface, and their ducts opening at the
margin of the lid. External to these the small fibres of the orbicularis pal-
pebrarum cut across; afew of the fibres of the muscle lie on the conjunctival
side of the duct. A short distance from the Meibomian gland may be
observed another tolerably large sebaceous gland ; outside this again are the
eyelashes. In the skin covering the outer surface of the eyelid a few small
haire may be seen. At the attached part of the eyelid 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 that has becn hardened
in Miiller’s flmd. The sections are stained and mounted in the usual way.
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 manner 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 the sections have been taken from the human eye.

8. Sections of the anterior half of an eyeball which has been hardened in
Miiller’s fluid. These sections should pass through the middle of the cornes.
The lens may be left n situ, but this renders the preparation of the sections
and the mounting of them much moro difficult.

In these sections make & 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 place of junction of the cornea and
sclerotie, the ciliary muscle, the muscular tissue of tho iris, the mode of sus-

. pension of the lens, and the pars ciliaris retine.

4. Mount in glycerine thin tangential sections of a cornea stained with
chloride of gold by Cohnheimn's method. Sketch three or four of the con-
nective-tissue cells (corneal corpuscles). The arrangement and distribution
of the perve-fibres and their termination amongst the epithelium-cells as
shown in chloride of gold preparations have been already studied (Lesson

XIX.)
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6. Mount in Canada balsam gections of 8 cornes which has been stained
with nitrate of silver. Notice the branched cell-spaces corresponding with
the connective-tiesue cells of the last preparation.

[This preparation is best made by rubbing the surface of the cornea with
lunar caustio after scraping off the epithelium. After ten or fifteen minutes
(by whieh time the nitrate of silver will have penetrated the thickness of the
cornes) the eye is washed with distilled waster, placed in spirit, and exposed
to the light. When brown and sufficiently hardened, tangential sections may
be made with a razor.]

* LESSON XIL.

1. Remove the sclerotic from the anterior part of an eye which has been
preserved in Muiller'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 logwood and mount them in Farrant's solution. Sketch the
branched pigment-cells, the elastic network, the mode of attachment of the
fibres of the ciliary muscle, &e.

2. Injected preparation of choreid and inis. Mount in Canada balsam por-
tions of the choroid coat and iris from an eye, the blood-vessels of which have
been filled with coloured mjection. Make sketches showing the arrangement
of the capillaries and veins.

8. Teased preparation of retina. Break up with n edles in a drop of
glycerine a minute fragment of retina which has been placed mn 1 per cent.
osmic acid solution for a few hours, and has subsequently been kept 1n dilute
glycerine. Complete the separation of the retinal 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 Muiller, hoxagonal pigment-
cells, &. In some of the fragments the arrangement of the elements in the
retinal layers may be made out even better than m actual sections.

~ Measure the length and diameter of some of the cones, the length of the
M6-Ir3,pe8, and the diameter of some of the outer and inner nuclel.

4. Teased preparatio;:x of lens. Separate in water the fibres of a crysuallins
lens which has been macerated for some days in weak bichromate of potash
solution. Sketch some of the fibres, together and separate.

The eyelids (fig. 247) are covered externally by the skin, and in-
ternally or posteriorly by a mucous membrane, the conjunctiva, which
is reflected from them over the globe of the eye. They are composed
in the main of connective tissue, which is dense and fibrous under the
conjunctiva, where 1t forms what is known as the tarsus.

Embedded in the tarsus is a row of long sebaceous glands (the Mei-
bomian 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 ordi t
musele (b). In the upper eyelid the levator palpebre is inseried into
the tarsus by a fibrous expansion, and some bundles of involuntsry
muscle are also present near the attachment of the eyelid. The skin
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has the naual structure ; it contains small sweat-glands and the fol-
licles of small hairs, and, in addition, at the edge of the eyelid, the
large hair-follicles from which the eyelashes grow. The epithelium of
the conjunctiva palpebre is columnar, passing at the edge of the lid
into the stratified epithelium of the skin ; it also becomes stratified in

F16, 247 ~VERTICAL SECTION THROUGH THE UPPER EYELID,

(Magnified.
o, ekin} b, orbionlaris ; b’ oilisry bmudle, ¢, involuntary muscle of eyelid; d, conjunctiva;
tnrluu s /» Meib gland ; g, gland near eyelashes, w: ith modified sweat-

opening with it &, ayelasher 3, small hairs in otiter skin; s sweat-glands;
s posterior tarsal gl lands. ’ ’

the part which is refleeted over the globe of the eye. The nerves o:
. the conjunctiva terminate for the most part in end-bulbs, which ir
.. 4N are sphermdal and formed cliefly of a small mass of polyhedra
.+ oells, but in the calf and most animals they are elliptical, and consis
" of & cove and lamellated sheath /see Tiesson XTX )
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The lachrymal gland may be briefly mentioned in connection with
the eyelid. It is & compound racemose gland, yielding a watery secre-
tion, and resembling in strueture the serous salivary glands, such as
the parotid.

—
_—

!

Fic. 248.--Vnn'ncn SECTION OF HUMAN CORNEA FROM NEAR THE MARGIN.
(Mngnified. )

1, epithelium ; 2, anterior homogeneous lamina ; 3, t m. i posterior

homgeneous’(e lastic) lamina ; 5, epithelium of T anterior chamber; a, Dol fibres

in the anterior layer of the subatunth proprh}, b, lan}ema, the ﬂbr:sot w i aveout -

A0T088, g a8 appesarauce c.oornuootpnmuappuﬂn usiform Im

& anilee of fores cut longltudinally ; o tion to the solerotic, with more distinct

fibrillation, and surmounted by a thicker epithelium; £, small blood-vessels ot worosd
near the margin of the cornes.

" The sclerotic coat is composed of dense fibrous tissue, the: brmdks
ofwhwh are intimately interlaced. It is thickest at the back of the
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éyeball. It is covered externally with a lymphatic epithelium, while
internally it is lined by a layer of connective tissue containing pig-
ment-oells, which give it a brown appearance (lamina fusca). At the
entrance of the optic nerve the sclerotic is prolonged into the sheath
of that nerve, the bundles of which, piercing the coat, give a sieve-like
aspect to the part (lamina cribrosa, fig. 257, L).

The cornea (fig. 248) consists of the following layers enumerated
from before back :

1. A stratified epithelium continuous wjth the epithelium of the
conjunctiva (1).

2. A thin lamina of homogeneous connective tissue (membrane of
Bowman), upon which the deepest cells of the epithelium rest (2).

8. A thick layer of fibrous conmnective tissue which forms the
proper substance of the cornea (3). This is continuous laterally with the
tissue of the sclerotic. It is composed of bundles of white fibres
arranged in regular lamins, the direction of the fibres crossing one
another at right angles in the alternate lamin®. Between the laminm
lie flattened connective-tissue corpuscles, which are branched and
united by their processes into a continuous network ; there is of course
a corresponding network of cell-spaces (fig. 249, A, B). In vertical

Fra. 249.—A, CORPUS(LES OF THL RAT’s (ORNFA. (From a preparation treated
with chloride of gold.) B. CELL-SPACLS OT' THF RA1™S (ORNKFA, (From a
preparation stained with mtrate of silver.)

gections the cells appear narrow and spindle-shaped (fig. 248, ¢). In
the superficial laming there are a few bundles of fibres which run
obliquely towards the surface (a).

4. A homogeneous elastic layer (membrane of Descemet) (fig. 248, 4).
This completely covers the back of the cornea, but at the angle which
the cornea forms with the iris it breaks up into separate fibres, which
are continued into the iris as the ligamentum pectinatum, or pillars of
the iris.
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$. A layer of pavement-epithelium covering the posterior surface of:
the clastic laming, and lining the front of the anterior chamber of the
oye (fig. 848, 5). At the sides it is continued over the ligamentum
pectinatum into & similar epithelium, eovering the anterior surface
of the iris (fig. 2568, N).

The nerves of the cornes pass in from the periphery, losing their
medullary sheath as they enter the corneal substance, They form
a primary plexus in tLe substantia propria, & secondary or sub-epit-
helial plexus immediately under the epithelinm which covers the
anterior surface, and a terminal plexus of fine fibrils which pass from
the sub-epithelial plexus i pencil-like tufts and become lost between
the epithelium-cells (see figs. 105, 106, Lesson XIX.) There are no
blood-vessels or lymphatics 1 the cornes, although they come close
up to its margm.

The choroid or vascular coat of the eye is of a black colour in many
animals, but m the human eye 18 dark brown. It is composed of connec-
tive tissue, the cells of which are large and filled with pigment (fig. 251),
and it containg in its mner part a close network of blood-vessels, and

IS BARIRLA T T

Tiew 260.—81¢ oY or cuororp. (Cadiat.)

« mewbrane of Bruch the chorio-capillarls is just ahove 1t, B, vasoular layer, ¢, vessels
with blood-corpuscles , d, lamma suprazhoraides,

in its anterior part the involuntary muscular fibres of the ciliary
muscle, which pass backwards from their origin at the junction of the
cornea and sclerotic, to be inserted into the choroid. The choroid is
separable into the following layers, enumerated from without in
(fig. 250) :

1. The lamina suprachoroidea (fig. 250, d). This is a thin mem-
brane composed of homogeneous connective tigsne pervaded by & net-
work of fine elastic fibres, and containing many large branched
pigment-cells and lymph-corpuscles (fig. 251). It is covered super-
ficially by a delicate lymphatic epithelium, and is separated from the
lamins fusea by a cleft-like lymphatic space which is bridged across
here and there by the passage of vessels and nerves, and by bands of
connective tissue.

2. The vascular layer of the choroid (fig. 250, b), which:
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[16. 251.—A SMALL PORIION OF 1HE 1 AMINA $ULPRACHOROIDFA. (Highly magmfied.)

»p, plgment-cells, /, elastic fibres, n, nucler of epithelioid cells (the outlines of the
¢clls are not mndicated), 2, lymph cells

T, 232.=InJBEC1ED BLOOD-VESSELS OF 1HE CHOROID COAT,

1, one o* the larger veins, 3, swall anastomosing vessels; 8, branches
dividing fsto tho smallest vessels,
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the suprachoroides in structure, but contains the blood-vessels of the
ooat, Inits outer part are the larger vessels (arterics and veins), the
veins having a peculiar vortioose arrangement; in its inuer part
(chorio-capillaris) are the capillaries, which form an extremely close
network with elongated meshes, the capillaries radiating from the

+ 268.~8rCTION (FROM THF LYE OF A MAN, AGFD 80), SHOWING 1HE
BELATIONB O} THE CORNFA, 8 LEROTI(, AND IRI$, TOGFTHLR WITH THE
CIITARY MUS(LE, AND THF (AVFRNUUS SPA(FS NEAR THE ANGLF OF 1HL
ANTFRIOR (HAMBER, (Magmified.)

A, epithe fum , B, conjunctival mucous membrane, ¢,sclerotic , p, memhrana suprachoroidea ;
X, oppostte the ofliary muscle, », chorvid, with eiliary processes , ¢, tapetum nigrum snd
pare ofliaris retine, B, cornes (substantis propria), J, iris, X, radisting and mendional,
and i, circular or annular bundles of the ciliary muscle, M bundies passing to the
sclerotio , X, ligamentum pectinatum iridis at the angle, 0, of the anterior chamber;
», line of attachment of theiris 1, anterior homogeneous lamina of the cornes , 2, posterior
I lamina, covered with epithelial gells which are continued over the front of
the irls, 8, cavernous spaces at the angle of the anterior chamber (spaces of Fontana);
4, canal of Schiemm, with epithelial Iining, and with a vessel, 8, leading from it; 6, other
veasels ; 7, bundles of fibres of the sclerotic having a cirenlar direction, out soross;
8, larger ones fn the subetance of the sclerotic, §, fine bundles cut across, at limit of
oornea, 10, point of origin of meridional bundles of clliary muscle, 11, blood-vessels in

selerotio and tonfunctiva, cut across, 13, seotion of one of the ¢ihary arteries

extremities of the small arteries and veins in a highly characteristio
manner (fig. 262). In the ciliary processes the vessels have for the
most part a longitudinal direction, but there are numerons convoluted
transversely disposed capillaries uniting the longitudinal vessels (fig. 856).
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8. Lining the inner surface of the choroid is a very thin trans-
parent membrane known as the membrane of Bruch (fig. 250, a).

The ciliary muscle of Bowman consists of involuntary muscular
bundles which arise at the corneo-sclerotic junction, and pass meri-
dionally backwards to be inserted into the choroid (fig. 258, k). Many
of the deeper-seated bundles take an oblique direction, and these pass
gradually info others which run circularly around the circumference
of the iris, and on a level with the ciliary processes. This set of
circularly arranged bundles constitutes the circular ciliary muscle of
H. Maller (L) ; 1t is most marked in hypermietropic eyes.

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

F16. 2564,—SHGMFNT OF 1HF IRIS, &¥FN KROM THE P0G~
1FRIOR SURFACKE AFTER REMOVAL OF THF (VLI
PHMFNT.

a, sphinoter muscle, b, dilatator muscle of the pupii.

F16, 256.—V¥<SELS OF THF CHOROID, CILIARY PROCKSSKS,
AND 1R18 OF A (HILD. (10 diameters.)

a, capillary network of the posterior part of the choroid, ending
at b, the ora serrata, ¢, arteriesof the corona ¢iharis, supplying
the clliary prooesses, d, and passing into the ins, e, 7, the ca-
pillary network close to the pupillary margin of the ins

similar structure, but its pigment-cells often contain coloured pigment.
Besides the homogeneous 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 sphincter musele (fig.
245, 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 dilatator muscle (b).

The back of the iris is covered by a thick layer of pigmented
epithelium (uvea) continuous with the epithelium of the pars ciliaris
retinm.

Tho blood-vessels of the iris converge towards the pupil (fig. 265, e).



30 THE ESSENTIALS OF HISTOLOGY,

Neax the pupil the small arteries form a small anastomotic circle, ffom
whish capillaries arise and pass stall nearer the pupil, arpand which
they form a close capillary network.

A large number of nerve-fibres are distributed to the choroid and
irig, probably going chiefly to the museular tissue (ciliary musele and
sphincter and dilatator iridis).

The retina conmsts of the eight layers shown in the accompanying
firure {fie. 266). numbered as thev ocenr from within out.

8. Layer of pigment-oells,

7. Layer of rods and cones

+ « Membrana limitans externa

6 Outer nuclear lasver,

5 Outer molealar layer,

4 Inner nuclear layer,

8 Inuer molecular layer.

2, Layer of nerve-celle.

1 Layer of nerve-fibres,
. Membrana Hmitans interna

F16. 2506.~DIAGRAMMATIL S1(1I0N OF THF HUMAN REJINA,

The inner surface of the retina, which is smooth, rests upon the
hyloid membrane of the vitreous humour. It is formed of the united
bases of the fibres of Muller, which will be afterwards described.

The layer of merve-fibres is formed by the expansion of the
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optic nerve after it has passed through the coats of the eye (fig. 257).
At its entrance it forms a slight eminence (colliculus nervi optici).
The nerve-fibres lose their medullary sheath on reaching the retina.
The layer becomes gradually thinner in the anterior part of the retina.

F1a. 257.—~SECT1I0N 1THROUGH THF (OAIS OF IHF EYIBAIL Al THE POINT OF
ENTRANCE OF THE OPTIC \FRVI. (Toldt)

Ve, dural sheath ; Vm, arachnoidsl sheath, and Th pia matral sheath of the optic nerve, with

lymphatic qmces between them ; 0, 0, fumcuh of the neive, Z, lamina cribro«a, 4, central

artery, &8, sclerotio; (‘A chortud R, retina. The small letters refer to the various parts of
the retina, b being the layer of rods and cones, and s that of nerve-fibres,

The layer of merve-cells, or ganglionic layer, is composed of large
nerve-cells somewhat like the cells of Purkinje of the cerebellum, and
having on the one side a fine axis-cylinder process prolonged into a
nerve-fibre, and on the other a thick branching process, the ramifica-
tions of which become lost in the next layer.

The inner molecular layer is comparatively thick, and has an
appearance very like the neuroglia of the grey matter of the nerve-
centres. A few nuclei are scattered through it, and it is traversed by
the proeesses of the nerve-cells and of the inner granules, as well as by
the fibres of Muller.

The inner nuclear layer is mainly composed of bipolar cells con-
taining large nuclei (inwner granules). The processes of these cells
extend on the one hand inwards through the inner molecular layer,
probably to join with nerve-fibres or with the processes of the gan-
glion-cells, whilst the other process is directed outwards, and is con-
nected with the extxennty of & rod or cone fibre. Besides these bipolar
cells, there are other inner granules which are different in character,
being devoid of processes and resting on, or even embedded in, the
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inner molecular layer, with the formation of which they are probably
connected. Others, which are larger and more rounded, are applied
to the outer molecular layer. The fibres of Miiller have nucleated
enlargements in the inner nuclear layer.

The outer molocular layer is thin, and is composed of flattened and
branched cells, the ramified cell-processes being united into a close
network (fig. 258).

F16. 268, ~BRANCHED CELLS WITH IHF UNITING FELTWORF OF FIBRES FROM THE
OULER MOLECULAR LAYER OF THE HORSE'S RR1INA.

As far as the outer molecular layer the retina may be said to con-
sist of nervous elements, but beyond this layer it is formed of modified
epithelium-cells.

The outer nuclear layer and the layer of rods and cones are com-
posed of elements which are continuous through the two layers, and
they should properly, therefore, be described as one. It may be termed
the neural or sensory epithelium of the retina (fig. 260, 6 and 7). The
elements of which the neural epithelium consists are elonguted, nucle-
ated cells of two kinds. The most numerous, which we may term the
rod-elements, consist of peculiar rod-like structures (rods proper) set
closely side by side, and each of which is prolonged internally into a fine
varicose fibre (rod-fibre) which swells out at one part of its course into
8 nucleated enlargement. The rod proper consists of two segments, an
outer cylindrical and transversely striated segment, which during life
has & purplish-red colour, and an inner slightly bulged segment, which
in part of its length is longitudinally stristed. The nucleus of the
rod-element often has, in the fresh condition, a transversely shaded
aspect (fig. 2569). The come-elements are formed of & conical taper-
ing external part, the cone proper, which is dircctly prolonged into
a nuocleated enlargement, from the farther side of which the cone-
fibre, considerably thicker than the rod-fibres, passes inwards, to ter-
minate by an expanded base at the outer molecular layer. 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
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Fie 259 —DIAGRAMMATI( RFPRISENIATION OF 1HF NERVOUS AND EPITHFIIAL
FLEMENTS OF THE RF1INA.

1 t0 §, nervous elements 6, 7, epithelial elements The designation of the numbers is the aame ¢
i fig 848 The extent of the molecular lsyers is indicated mcrely by linear shading
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being longitudmnally stristed. The inner ends of the rod- and cone-
fibres are believed to be connected with processes from the inner
granules, and through these with the nerve-cells and nerve-fibres. In
birds, reptiles, and amphibia, & small oil-globule, often brightly
coloured red, yellow, or green, 18 found in the mner segment of each
cone, and other variations of structure are met with in animals. The
cones are most numerous at the back of the retina, they are fewer in
number, and the r0ds are proportionally more numerous, towards the

anterior part.

F16 260 —PraMENIFD 1 PILHEIIUM OF (111
HUMAN RF1INA  (Highly magnified )

a, colls seen from the outer surface with clear
lines of intercellular substance between b two
cells scen 1m profile with fine offsets ¢ ctending
mwards ¢ a ccll still 1 connection with the
outer ends of the rods

Ftee 261~A 118RF O MUITFR FROM 113
HUMAN RFIINA, 1801 ATFD, %9¢

b, base of the fibre =, its nucleus mel! mem
trana limitans externa, ¢ m! external mo
lecular layer.

The pigmentary layer 18 the most exteinal part of the retna. It is
formed of hexagonal epithelium.cells (fig. 260), wluch are smooth exter.
nally where they rest against the choroid, but are prolonged intérnally
into finefilaments which eatend between the rods. The pigment-granules,
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many of which are in the form of minute crystals, lie in the inner
part of the cell, and after prolonged exposure to the light they are
found extending along the cell-processes between the rods (b, ¢), their
function being probably connected with the restoration of the purple
colouring matter which has been bleached by the light.

Fibres of Miiller.—The fibres of Muller (fig. 261) are long stiff fibres
which pass through several of the retinal layers. Commencing at the
inner surface of the retina by cxpanded bases which unite with one
another to form the so-called internal limiting membrane (fig. 856), the
fibres pass through all the layers in succession, until they reach the
outer nuclear layer. Here they branch and expand into a sort of reti-
cular 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 bounded by a distinet margin which has been
called the external limiting membrane (m. e. l.), but delicate sheaths
have been described passing from it round the bases of the rods and
cones. KEach Miillerian fibre, as it passes through the inner nuclear
layer, has a nucleated enlargement (n), indicating the original cell
nature of the fibre.

There are two parts of the retina which call for special deseription.

The macula lutea (yellow spot, tig. 268), with its central fovea, lies
in the visual axis, and is the part of the retina which is most innedi-
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Fle. 262.—VERTIC AL 51 (TION THROUGH THE MACULA LUTEKA AND FOVEA (EVIRALIS 3
DIAGRAMMAILIC.
1, nerve-layer ; 2, ganglionic layer ; 3, inner molecular ; 4, inner nueclear ; and 5, outer molecu-

lar layers ; 8, outer nuclear layei, the mner part with only cone-fibres forming the so-called
external fibrous layer; 7, cones and rods.

ately concerned in direct vision. It is characterised first by its greater

thickness (except-at the fovea), secondly by the large .number of

ganglion-cells, which are all distinctly bipolar (Lf), and thirdly by the

large number of cones it contains as compared with the rods. In the
Q
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central fovea itself there are no rods, and the cones are very long and
slender ; moreover, all the other layers become gradually thinned
down almost to complete disappearance, so that the middle of the central
fovea is the thinnest part of the retina. Since there are few rods, the
outer nuclear layer (6) loses in great measure its appearance of being
composed of closely packed nuclei, and the cone-fibres are very distinet.
The direction of all the fibres is very oblique in this part of the retina.

The pars ciliaris retine which commences at the ora serrata, where
the retina proper abruptly ends, is composed of two epithelial layers
(fig. 268), and has no nervous structures. Of the two layers, the

Fio. 263\ SMALL PORTION Of
THE (ILIARY PART Of [k -
v, (850 diameters.)

1, pigment-cells; 2, ¢co ummnar cells,

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 uves of the iris on the other the inner is a layer
of columnar cells each containing an oval nucleus.

The retina containg but few blood-vessels. The 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 networks in
this layer and in the inner nuclear layer. There are peri-vascular
lymphatic spaces around the veins and capillaries. The neural epithe-
lium receives no blood-vessels, but is nourished from the vessels of the
choroid.

Structure of the lens. The lens is a .laminated fibrous body en-
closed by a transparent elastic capsule into which, around the circum-

F1t. 264.—~8ECTION THROUGH THE MARGIN OF THE RABBIT’S LENS, SHOWING THE
TRANSITION 01 THE EPITHELIUM INTO THE LLNS-FIBRES.

ference, the fibres of the suspensory ligament are inserted. Immedi-
ately 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. 264). The fibres which compose the
lens are long and riband-shaped, with finely serrated edges (fig. 265, A);
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in transverse section they appear prismatic (B). Many of the superficial
fibres are nucleated (c), the lens-fibres having originally been developed
by the elongation of epithelium-cells,

Fi6. 206.—1 IBR1S OF THI (RYSIALLINI LENS. (350 diameters,)
A, longitudinal view of the fibres of the lens from the ox, showing the serrated edges. B,
transverse section of the fibres of the lens fromn the human eye C, longitudinal view of
a few of the fibres from the equatonal region of the human lens. Most of the fibres i

C a1e seen edgewsays, and, towards 1 present the swellings and nucdler of the ‘nuclear
zone ;’ at 2, the flattencd sides of two fibres are seen,

The vitreous humour is composed of soft gelatinous tissue, appa-
rently structureless when examined in the fresh condition, but contain-
ing a few scattered ameboid cells, the processes of which are often long
and varicose, and the cell-bodies distended by large vacuoles. The
hyaloid membrane, which invests the vitreous humour, is homogeneous
and structureless except in the region of the ciliary processes, where it is
fibrous in structure, forming the zenule of Zinn and spreading out into
the suspensory ligament of the lens.

Q2
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,LESSON XLL

STRUCTURE OF THE OLFACTORY MUCOUS MEMBRANE
AND OF THE EXTERNAL AND MIDDLE EAR.

1. VERTICAL sections of the olfactory mucous mnembrane. The sections may
be carried ecither across the middle 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 1n the olfactory and respiratory parts of the membrane.

2. Teased preparation of the epithelium of the olfactory mucous mem-
brane. A piece of the membrane is placed quite fresh in osmic 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 glycerine ; the zells 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 XII.)

4. Sections across the cartilaginous part of the Eustachian tube. Sketch
under the low power.

5. Preparation of the membrana tympani. A piece of the membrane.
stained with hematoxylin. and mounted flat in Canada balsamn.

Determine the composition of the membrane —ue. the several layers com-
posing it—by focussing carefully with the high power.

STRUCTURE OF THE OLFACTORY MUCOUS MEMBRANE.

The olfactory region of the nasal foss® 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. 266, 267) 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 cells consisting of a larger part or
body (b), containing the nucleus, and of two processes or poles, one (c)
straight and eylindrical and extending to the free surface, the other (d)
very delicate and varicose, looking not unlike & nerve-fibril and extending
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down to the corium. The position of the nuclear 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 perhapsinsome

F1a. 266.—CrLLS AND TERMINAL NERVF-FIBRES OF THL OLIACTORY RKGION,
(Mighly magnified.)
1, from the frog; 2, from man ; a, epithelial cell, extending deeply into a ramified process:

b, oltactory cells; ¢, their peripheral rodd; e, their extremities, seen in 1 to be prolonged
into fine hairs ; d, thelr central filaments,

mammals, it bears fine stiff hairlike filaments (¢). The proximal or vari-
cose process becomes lost amongst the plexus of olfactory nerve-fibrils at
the base of the epithelium, and is believed to be connected with a fibril.
These cells have accordingly been termed olfactory cells. 2. Long colum-
nar epithelium cells (@), with comparatively broad cylindrical nucleated
cell-bodies placed next the free surface, and long, forked, and branching
tail-like processes extending down to the corium. These are usually
regarded not assensory epithelium-cells, but merely as serving to support
the proper olfactory cells; but, according to Exner, they are also con.
nected with the olfactory fibres, and there is no sharp distinction
between them and the bipolar cells. 8. Tapering cells are present, at
least in some animals, in the deeper part of the epithelium. They rest
by their bages upon the corium, and project between the other cells,
which they assist to support.

The corium of the olfactory mucous membrane is also very thick
(fig. 267). It contains numerous blood-vessels, bundles of the olfactory
nerve-fibres (which are non-medullated), and a large number of serous
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glands known as Bowman’s glands (b), which open upon the surface
by fine ducts passing between the epithelium-cells.

W

gt

o

F16:, 267.—8LC 110N 0T OLFACTORY MUOOUS MFMBRANE. (Cadiat.)
a emthehum, b, glands of Bowman, ¢, nerve-bunc es

STRUCTURE OF THE AUDITORY ORGAN.

The external ear proper (pinna) is composed of elastic fibro-carti-
lage, invested by a thm, closely adherent skin. The skin 1s covered by
small hairs, and connected with these are the usual sebaceous follicles.
In some parts—e.g. the lobule—there is a considerable amount of
adipose tissue ; and voluntary muscular fibres are in places attached to
the cartilage and may be seen in sections of the ear.

The external auditory meatus is a canal formed partly of cartilage
continuous 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.

The tympanum islined by & mucous membrane which is continuous
through the Eustachian tube with the mucous membrane of the
pharynx ; it is also prolonged into the mastoid cells. The epithelium
is columnar and ciliated in some parts, but in others—e.g. roof, promon-
tory, ossicles, and membrana tympani—it is a pavement-epithelium,

The membrana tympani is a thin membrane formed of fibrous
bundles which radiate from the umbo. Wathin the radial fibres are &
few annular bundles. Covering the fibrous membrane externally is a thin
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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 tnbe is the canal leading from the tympanum to
the pharynx. It is formed of bone near the tympanum, but below,

F16. 268.—SECTION ACROSS THE CARTILAGINOUS PART OF THE EUSTACHIAN TUBE.

1, 2, bent cartilaginous plate ; 3, musc. dilatator tubse ; to the left of 4, part of the attachment
of the levator palati muscle ; 5, tissue uniting the tube to the base of the skull; 6 and 7,
mucous glands; 8, 10, fat ; 9 to 11, lumen of the tube ; 12, connective tissue ou the lateral
aspect of the tube.

near the pharynx, it is bounded partly by a bent piece of cartilage
(fig. 268, 1, 2), partly by fibrous tissue. The latter contains numerous
mucous glands (6, 7), which open into the tube, and on the outer side
a band of muscular tissue (3) which joins the tensor palati. The epithe-
lium is ciliated.
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LESSON XLII.
STRUCTURE OF THE LABYRINTH.

1. SecTIONS across one of the membranous semicircular canals of a fish
(skate).

2. Longitudinal sections through the ampulla of a semicirenlar canal
(skate).

8. Vertical sections through the nuddle of the cochlea of a mammal.

The cochlea is put quite fresh into 02 per cent. chromic acid containing
a few drops of 1 per cent. osmie acid. When decalcified, it is well washed.
and then placed in spirit for a day or more.

In preparing sections of the above three preparatior 3 it is advisable, in
order that the epithelium should be kept in position, to mount them by the
creosote-shellac process. They may previously be stained in bulk either by
alcoholic magenta or borax-carmine.

4. Teased preparations of the anditory epithelium of an ampulla or of the
macula of the utricle, from the fish.

5. Teased preparations of the epithelimin of the organ of Corti from the
guinea-pig.

Both 4 and 5 are made from osmic prepurations.

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. 269, 270). The mem-
branous labyrinth does not wholly fill the bony cavity ; the rest of the
space is occupied by perilymph. The membranous labyrinth (fig. 269)
is composed of the utricle (u), and the three semicircular canals, each
with an enlargement or ampulla which opens into it, the saccule (s)
and the canal of the cochlea (c. c.)

The branches of the auditory nerve pass to certain parts only of
the membranous labyrinth, viz.: the macul® of the utricle and
saceule ; the cristee of the ampullis, and along the whole length of the
canal of the cochlea (the shaded parts in fig. 269).
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At these places the lining epithelium is specially modified to form
8 sensory or nerve-epithelium; elsewhere it is a simple pavement-
epithelium.

Fi6. 270.—~VIEW OF THE INTFRIOR OF

F16. 269.—PLAN OF THE RIGOT MEM- THE LEFT OsShOUS LABYRINTHL 3}

NRANOUR LABYRINTH VIEWED FROV

THE MESIAL ASPECT. 2 The bony wall of the labyrinth iz removed
HOT. - 3

superiorly and externally. 1, fovea hemi-
ellipticn ; 2, foveu henmispherica ; 8, common

u, utricle, with its macula and the three opening of the superior and posterior semi-

semicircular canaly with their ampulle:
&, saccule ; aq. v, aqueeductus vestibuliy s.e,
sacens endolymphaticus: c¢.7. canalis re-

cireular canals ) 4, opening of the aqueduct
of the vestibule: 6, the superior, 8, the
posterior, and 7, the cxternal semicirenlar

cunals; 8, spiral tube of the cochlea; 8,

uniens ; e.c. canal of the cochlen.
scula tympani ; 10, scala vestibuli

The membranous semicircular canals and the utricle and saccule
are composed of fibrous tissne, which is adherent along one side to the
endosteum of the bony canal; from the opposite side bands of fibrous
tissue pass across the perilymph. Within the fibrous membrane is a
thick clear tunica propria, which, in the semicircular canals, forms
papillary elevations in the intevior of the tube (figs. 271, 272).

The places of entrance of the nerve-fibres into the ampulle are
marked by a transverse, inwardly projecting ridge (crista), in the
saccule and utricle by a thickening of the tunica propria (macula).
The epithelium at these places is formed of columnar cells (fig. 273),
which are surmounted by long, stiff, tapering hairs (auditory hairs,
fig. 278, k), and to these hair-cells the axis-cylinders of the nerve-fibres
pass directly (fig. 274); they are therefore—like the rod- and cone-
elements of the retina, the bipolar cells of the olfactory membrane, and
the gustatory cells of the taste-buds—sensory or neural epithelium-cells.
Between them are a number of thin and somewhat rigid nucleated
cells (fibre-cells of Retzius, fig. 274, f), which rest upon the basement-
membrane, and are connected at their free extremity with a cuticular
membrane, through which the auditory hairs project.

The auditory hairs do not project free into the endolymph, but
into a soft mucus-like substance, of a dome-like form, in the ampulla
(fig. 278), and which in the sacctle and utricle has a mass of calcareous
particles (otoliths) embedded in it.
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116, 271.~SECITION 01 ONF OF THE HUMAN SFMICIR(ULAR (ANALs (Magmfied.)

1, osseous wall 2 fibrous hands with included blood vessels umited at 3 with the periosteum
4, mcmbranous canal with its three layers b6 short fibrous bands (with ntervening
spaces) umting the membranous canal firmly to the jeriostcum 8 union of 1ts outermost
layer with the periosteum

F16, 272 ~SECTION OF MFMBRANOUS SEMICIRCUI AR CANAI  (Much magmfied.)

ter fibrous laver , 3, tunica propria , 8, 8, papilliform projections with epithelial covering.
L o: fixed side of the' g’sml, with very éhm tunica proptia without papilee, 7, fibrous banda'
passing to perlosteum,
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Fi16, 278, ~LONGITUDINAL SECTION OF AN AMPULLA THROUGH THE CRISTA ACUSTICA,

amp, cavity of the ampuila; sc.c, semicircular canal opening out of it; ¢, connective tissue
attached to the wall of the membranous ampullaand traversing the perilymph; ¢, ¢, flattened
epithelium of ampuila; A, auditory hairs projecting from the col cellaof theauditory
epithelium into the oupula, cup. term. ; v, blood-vessels ; n, nerve-fibres entering the base of
the crista and passing into the columnar cells,

116, 274.~A UDITORY EPITHELIUM FROM THK MACULA ACUSTICA OF THE
, OF AN ALLIGATOR. (Highly magnified.)
¢,¢, columnar halr-cells } 7,7, fibre-cells ; n, nerve-fibre, losing its medullary sheath and passing
O b saimmar auditory oells ; & auditory hair; ¥, base of uditory bairs
split up fnto Abrils,
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The cochlea consists of a bony tube coiled spirally around an axis,
which is known as the columella (fig. 275). The tube is divided
longitudinally by & partition which is formed partly by a projecting

F16. 276~ VERIICAL SF(110N OF THF FIRST TURN OF THE HUMAN (O(MLEA.
(Retaus.)

2. soala vestibuli; s¢. scala tympam; D (. canal of the cochlen; sp? spiral lamina,
nerve-fibres , 7 sp. spiral ligament ; or.v stra vasoularis, 4 sp, spiral groove , R, section o
Reissner’s membrane ; 7, limbus lamine spiralis; 3/ ¢ membrana tectoria, ¢ C. tunnel of
Cort1, bm basilar membrane, A., % e., internal and external haii-cells.

lamina of bone (spiral lamina), partly by a flat membrane (basilar
membrane), into two parts or scale ; the upper (supposing the cochlea
wanbine haco dnwnwards) being termed the scala vestibuli (fig. 276, s.v.)
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the lower the scala tympani (s.t.); the latter is closed at its larger
end by the membrane of the fenestra rotunda. The scals are lined by
endosteum, and are filled with perilymrnh, continuous with that of the
rest of the osseous labyrinth at the commencement of the scala vestibuli;
they communicate at the apex by a small opening, the helicotrema.”

The scala vestibuli does not occupy the whole of that part of the
bony tube of the cochlea which is above the partition. Its outer third
is cut off by a delicate connective-tissue membrane (membrane of
Reissner, fig. 276, R), which springs ffom near the end of the
spiral lamina, and passes upwards and outwards to the outer wall, thus
separating a canal (D C) triangular in section, which is lined by epithe-
lium, and represents the membranous labyrinth of the cochlea (canal
of the cochlea).

Canal of the cochlea. The floor of the canal of the cochles 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 limbus (fig. 276, [); (2) of the basilar mem-
brane (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 (I.sp.)

The bastlar membrane is composed of stiff, straight fibres, which
extend from within out, and themselves rest on a homogeneous stratum.
1t is covered below by a layer of connective tissue continuous with the
endosteum of the scala tympani ; above the modified epithelium which
forms the organ of Corti rests upon it. It becomes gradually broader
in the upper turns of the cochlea (rather more than twice as broad in
the uppermost as in the lowermost turn), and its constituent fibres
become therefore gradually longer.

The organ of Corti consists of the following structures :

1. The 7ods of Corti, two series (inner and outer) of stiff, siriated
fibres of a peculiar shape, the inner rods somewhat like a human ulna,
the outer like a swan’s head and neck (fig. 277). They rest by one ex-
tremity (the foot) on the basilar membrane a short distance apart, and

Fi6. 277.~A PAIR OF RODS OF CORTL, FROM THE RABBIT'S COCHLEA, IN SIDE
view, (Highly magnitied.)
+o0d nrotonlasmic at

b, b, basilar membrane ; i.r. inner rod; e.r, outer rod. The 1 pr
the teet are also shown,

are inclined towards one another, their larger ends (heads) being jointed
together ; the series of rods thus enclose a sort of tunnel, the floor of
which is formed by a part of the basilar membrane. Close to their
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feet may usually be seen the remainder of the cells from which they
have been formed. The inner rods are narrower and rather more
numerous than the outer. Each outer rod has a process which extends
outwards and is known ag the phalangeal process. This forms part
of —

2. A reticular lamina (fig. 279, l.7.), which is a cuticular strueture
extending 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 & manner as to leave
square or oblong apertures through which the hair-cells (see below)
project.

8. The outer hair-cells placed external to the rods of Corti, These
are epithelium-cells of columnar shape, arranged in three or four series

Fi6. 278.~81 (110N OF THF ORGAN 0k CORIL OF IHI DOG. 399

a, «', end of spirul lamne , b, ¢, mddle (homogeneous) layer of the basilar membrane, # ves-
sibulsr (stristed) layer, 1, tympanal (connective-tissue) layer, d, blood-vessel , f, nerves
in apiral lamina ; g, epithchum of spiral groove , A, nerve-fibres pagang towards wner hair-
cells, {, &; [, anditory hairlets on ianer haircells, I, 7, laming reticulars, m, heads of the
rods of Corts, jointed together , n, buse of inner rods, o, huse of outer rod , p, g, 7, outer
hair-cells , #, lower ends of hair-cclls, , nerve-fibrils passing across the tunnel of Corti,
z, cells of Deiters,

(fig. 278, p, q, 7). The free extremity of the cell is surmounted by a
bundle of short auditory hairs, and projects through one of the
apertures in the reticular lamina, the fixed extremity is prolonged
into & stiff cuticular process (fig. 280, pf), which is attached to the
basilar membrane. Between them are other supporting cells which
are tapered in the same manner, resting by their larger end upon the
basilar membrane, and prolonged above into a cuticular process which
is attached to the reticular lamina (cells of Deiters, fig. 278, 2). They
are said by Waldeyer to be sometimes united with the outer hair-cells,
80 as to form double cells.

4. The inner hair-cells (fig. 278, 1), placed internal to the rods of
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Fra 279, — SFMI-DIAGRAM-
MATIC VIFW OF PART OF
THF BASILAR MEMBRANF
AND TUNNFI oF CORTI OF
1HF RABBII, FROM ABOVE
AND 1HF SIDF (Much

o maguified )

1 limbus, (r extremty or crest
of limbus with tooth like pro-
Jections, bb basilar membrane,
w! spiral lamna with, p,
perforations for transmission of
nerve ibres  In part of the
spiral lamina here represented
the nerve fibres are left, and are
supposcd to be seen through the
upper layer of that lanna, con-
verging to thiee of the perfora
t10ns, to the right, in the section
of the lamina they are shown
occupying acanal, or oleft in the
owyeous substance, 17 fifteen
of the inner rods of Cort1, A3
their flattened heads seen from
above, ¢7 mne outer rods of
Cortt  he thewr heads, with
the phalangeal processes ex
1ending outward from them and
forming, with the two rows of
phalanges, the lamina reticu-
lans, {7 On the left of the
figure the connective f1ssue
fibres and nucle: of the under-
most yer of the basilar mem-
brane are seen through the
upper lavers Portions of the
bsilar processes of the outer
hair-cells remain attached here
and there to the membrane at
tins part,

F1c¢ 280.—~ AN OUTFR HAIR (FLT IN (CONNECTION WITH TS BASIT AR
PROCFSS.  Brom the guinea-pig  (Highly magmfbied.)

A, one or two hairlets which have remained attached to the cell, 3, bulged
lower end of cell , p, basilar process protoplasmio above, but becoming
outicnlar below and slizhtly expande dat the extremity, /, wiich 18 broken
away from the basilar membrane
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Corti. They form a single series of columnar cells surmounted by
auditory hairs, lying in close apposition to the inner rods.

The rest of the epithelium-cells have no important characteristics.
They are long and columnar next the outer hair-cells, but soon diminish
in size, becoming cubical, and in this form they are continued over
the outer wall of the cochlear canal. Here they cover a very vascular
membrane (stria vascularis, fig. 276, str), which is frequently pigmented ;
its capillary blood-vessels may even penetrate between the epithelium-
cells. Internal to the inneg hair-cells the epithelium also soon becomes
cubical ; it is prolonged in this form over the limbus of the spiral
lamina. The epithelinin of Reissner’s membrane is of the pavement
variety.

The membrana tectoria (fig. 276, M.t.) 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
Retrius, attached to the lamina reticularis. In sections it usually
appears raised a short distance above the auditory hairs, but it is
possible that it may rest upon them during life.

F16. 281 —GEXERAL VIEW OF THE MODE OF DISFRIBIION OF THE (OCHLEAR NERVE,
ALL THE OTHER PARES HAVING BREN REMOVLD.

The fibres of the cochlear branch of the auditory nerve enter the
base of the columella, and run in canals through its substance, being
gradually deflected outwards as they pass upwards into the spiral
lamina, at the base of which they swell out into a ganglionic cord
(spiral ganglion).

After traversing the spiral lamina they emerge in bundles, and the
fibres then, having lost their medullary sheath, pass into the epithe-
linm of the inner hair-cell region. Here some of them are connected
directly with the inner hair-cells, whilst others pass in the form of
delicate fibrils across the tunnel of Corti, to become connected with
the outer hair-cells (fig. 278).
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General Mothods of Preserving and Hardening Tissues aud Organs.'—The
fluids which are most commonly used are aleohol, chromic acid solution
(1 in 500), picric acid solution (saturated), bichromate of potash solution
<(2 per cent.), Miiller's fluid (bichromate of potash 24 parts; sulphate of soda
1 part; water 100 parts), and bichromate of ammonia (2 per cent.) The
following are the methods of hardening the soveral tissues and organs which
are found to give the best general results :—

Tissue or Organ

Hardening Fluid

Bladder Chromic acid.

Blood-vessels Alcohol, or bichromate of potash.
Brain . Bichromate of ammonia.

Elastic ligament Bichromate of potash.

Embryos . Chromic acid or picric acid.

Eye . . . Miiller’s fluid.

Eyelids . Alcohol.

Ganglia Picric acid.

Heart Alcohol, or bichromate of potash.

Injected organs
Intestine . . . .
Kidney . . .

Aleohol.
Distend with chromic acid.
Bichromate of potash.

Lachrymal glan Aleohol.

Larynx . . . . Chromic acid.

Liver . e . . Bichromate of potash.
Lung . . Distend with chromic acid.
Mammary gland Alcohol.

Marrow of bone .
Muscular tissue, striated .

Alcohol.
Bichromate of potash.

" non-striated Chromiec acid.
Nerve . . . . Picric acid.
Esophagus . . . Distend with chromic acid.
Ovary . . . . Chromic acid.
Pancreas . . . . . Alcohol.
Retina . . . . . Miiller’s fluid.
Salivary glands. . Aleohol.
Sclerotic and cornes, . Aleohol, or Miiller’s fluid.
Skin . Aleohol.

! Methods of preparation required for special purposes are given in the Lessons.

R
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Tissue or Organ Hardening Fluid

Spinalcord . . . . Bichromate of ammonia.
Spleen . . . . . Bichromate of potash.
Stomach . . . . . Distend with chromic acid or with

aleohol,
Suprarenal capsule . . . Alcohol.
Tendon and ligmnent . . Alcohol.
Testis . . . . . Aleohol. .
Thymus gland . . . . Alcohol.
Thyroid gland . . € . Alcohol.
Tongue . . . + . Bichromate of potash.
Tonsils . . . . . Alcohol.
Trachea . . . . . Chromic acid.
Ureter . . Chromie acid.
Uterus . . . . . Chromioe acid.

Tissues to be hardened in alcohol may either be placed at once in strong
spirit (90 per cent. alcohol), or the hardening may be effected gradually, the
tissue being placed first in weak spirit (50 per cent.) for twenty-four hours,
then in somewhat stronger, and finally in strong spirit or absolute alcohol.
They are ready for cutting after having been twenty-four hours in strong
spirit.

For tissues that aro to be hardened in } per cont. chromic acid, an immer-
gion of from 7 to 14 days is generally necessary; they inay then be washed
with water, and placed in aleohol for preservation and to complete the pro-
cess of hardening.

Organs placed in bichromate of potash or Miiller's fluid are ready for
sections 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 two or three days; the organs
should then be washed for some hours under a tap and transferred to spirit.

The hardening of the brain and spinal cord in bichromate of ammonia
takes three or four weeks. These organs should not be left too long in the
solution, since they are apt to become brittle, but sections should be prepared
from them as soon as ready.

In no case should the pieces of tissue to be hardened be too thick for the
fluid readily to penetrate to every part.

Embedding of Hardened Tissues, and Preparation of Seotions.—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 fatty or other substance which is applied to it
in the fluid condition and becomes solid on standing. The embedding sub-
stance can either simply enclose the tissue, or the tissue may be soaked in
it : the latter method is the one most commonly employed.

The embedding substance chiefly used is paraftin, ‘

Embedding in paraffin.—Before being soaked in melted paraffin, the
piece of tissue is stained with borax-carmine or hematoxylin, dehydrated by
absolute alcohol, and is then soaked in turpentine. From turpentine it is
transferred to melted paraffin, which should not be too hot, and soaked in this
for an hour or more, according to thickness. It is then placed in any desired
position in & paper tray or on the microtome and surrounded by melted
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paratlin. When cold, thin sections can be cut, the paraffin dissolved out by
turpentine, and the sections mounted.

Preparation of frozen sections.—The bichromate solutions are the best
fluids to use for preserving tissues which are to be frozen in place of being
embedded. The tissue in such cases should not be put into alcohol, but
merely requires to be dipped in strong gum before being placed upon the
freezing microtome, Portions of the central nervous system need to be
soaked in gum to which a little syrup has been added.

Staining and mounting of sections.—The fluids most commonly employed
for the staining of sections are:—-1. A dilute watery solution of hasmatoxylin
and alum; 2. A solution of carmine; 8. A solution of picro-carminate of am-
monia. The time of immersion in the staining fluid varies according to the
strength of the fluid and the mode by which the tissue has been hardened.
The necessity of staining sections may be avoided if the piece of tissue is
stained in bulk before embedding. For this purpose a carmine solution is
mostly used, on account of its penetrative power, that known as borax-carmine
being the best. The tissue must be left in it for twenty-four hours or more,
and then placed in acidulated aleohol. An alcoholic solution of magenta can
be used for staining in bulk ; from this the tissue goes into a small quantity
of oil of cloves or into turpentino, and, after being soaked with this, into the
melted paraffin,

If the tissues have not been stained in bulk, the following is the order of
transference of the sections (they are supposed, if cut from paraffin, to have
been freed from this by immersion in turpentine) :—

1. From turpentine to absolute alcohol (5 minutes).

2. From alcohol to distilled water (4 minute).

8. From distilled water to heematoxylin or carmine (5 minutes or more).
4. From hematoxylin to distilled water (3 minute).

5. From distilled water to alcohol (2 or 8 minutes).

6. From alcohol to oil of cloves (1 minute).

7. From oil of cloves to Canada balsam.

If the tissues have already been stained in bulk, the sections are simply
mounted in Canada balsam after the paraffin used for embedding has been
dissolved away from them in turpentine.

Creosote-shellac method of mounting.—Friable sections, such as sections
of small embryos, and ribands of sections such as are cut with many micro-
tomes, are mounted in the following way :—The slide is smeared with a solu-
tion of shellac in creosote, the sections are placed in this and warmed so as to
melt their paraffin, They are thus fixed by the shellac, and the slide can be
immersed in turpentine to remove the paraffin, and the sections then covered
in Canada balsam. For this method the tissue should always have been pre-
viously stained in bulk.

Bolutions employed for Staining :—1. Solution of hematowylin in water.—
Bub together in a mortar 10 grammes of powdered alum and § grammes of
extract of hematoxylin with 26 cubic centimeters of 70 per cent. aleohol,
gradually adding 100 cubic centimeters of distilled water. Decant into a
bottle and add a drop or two of ammonia. Let the mixture stand a few
days, occasionally shaking it. For staining, add two or three drops to a
watoh-glass full of distilled water, and filter if necessary.

2. Grenacher's hamatorylin—To 150 cubic centimeters of a saturated
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solution of alum in water, add 4 oubic centimeters of saturated solution of
hematoxylin in aloochol. Let the mixture stand 8 days, then decant, and
add 25 cubic centimeters of glycerine, and 25 cubic centimeters of methylio
aloohol.

8. Kleinenberg's hematoxylin.—This serves better for staining in bulk.
Saturate 70 per cent. aleohol first with calcium chloride and then with alum,
and after filtration add six to eight volumes of 70 per cent. alcohol.

Take a freshly prepared saturated solution of hematoxylin in absolute
aleohol, and add it drop by drop to the above mixture until it is of & distinet
purplish colour.

This solution improves orf keeping. It may if necessary be diluted with
more of the wixture.

When hematoxylin solutions become red instead of blue, a trace of
ammonia will restore the requisite colour.

4. Carminate of ammonia.—Prepared 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.

8. Prero-carmwnate of ammoma (prero-carmine).—To a saturated solution
of picricacid add a strong ammoniacal solution of carmine, until a precipitate

- begins to form. Evaporate on the water-bath to ith; filter from the sedi.
ment and evaporate the filtrate to dryness. Make a § per cent. solution of
the residue, diluting further as required.

6. Boraz-carmine.—a. Dissolve 4 grammes borax and 8 grammes
carmine in 100 cubic centimeters of warm water. Add 100 cubic centimeters
of 70 per cent. alcohol, filter and let stand. This solut. In improves on keep-
ing. It is useful for staining in bulk.

8. Boil 0°5 gramme carmine and 1 gramme borax in 100 cubic centi-
meters water. Filter and add acetic acid drop by drop until the original
violet colour becomes crimson ; then filter once more. This solution is used
for staining sections.

After staining with borax-carmine, the tissue should in all cases be placed
in 70 per cent. alcohol containing 5 drops of hydrochloric acid to 100 cubic
centimeters.

7. Magenta.—This may be kept in solution in alcohol (05 to 1 per cent.)
For fresh tissues and for sections to be mounted in glycerine, an excellent
staining fluid is obtained by adding one or two drops to a watch-glass of water.
For sections to be mounted in Canada balsam a solution in oil of cloves is
used. This is best made by adding & drop of the alcoholic solution to a little
oil of cloves in a watch.glass: the sections after being stained are washed
in spirit of turpentine.

8. Gentian viclet.—Mix 20 cubic centimeters water with 10 cubic centi-
meters aleohol and 10 cubic centimeters glycerine, and add to the mixture
10 drops of a 1 per cent. solution of gentian violet in alcohol and 10 drops
of & 25 per cent. solution of formie acid in water.

This solution givea excellent results with fresh tissues, especially with
epithelinm.

9. Saframin.—A saturated alcoholic solution is used for staining cell.
nuclei. The tissue elements having been fixed by dilute chromic acid or by
aleohol, small shreds or thin sections are placed for 12 to 24 hours in a little
of the solution, mixed with half its bulk of water. The shreds are rinsed in
absolute alcohol (which must contain no trace of free acid) until the colour is
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washed out from everything exeept the nuclei; they are then at once trans-
ferred to turpentine, and from this are mounted in Canada balsam,

10. Aniline blue-black.—Dissolve 1 gramme of aniline blue-black in &
mixture of 80 parts of water with 20 of alcohol. Thus serves for staining the
central nervous system either in bulk or in sections.

11. Staining with chloride of golda.—a. Cohnheim's method.—Place the
fresh tissue for from 80 to 60 minutes in § per cent. solution of chloride of
gold ; then wash and transfer to a large quantity of water just acidulated
with acetic acid. Keep for 2 or 8 days m the light in & warm place.

B. Lowit's method.—Place small pieces of,the fresh tissue in & 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 formic acid mixture for 24 hours and then 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 minutes.
Then treat either as in Cohnheim’s or in Liwit’s method.

12. Staining with nitrate of silver.—Wash the fresh tissue with distilled
water; immerse in 4 to 1 per cent. nitrate of silver solution for 5 to 10
minutes ; rinse with distilled water and expose to bright sunlight either in
water, alcohol, or glycerine.

Mounting Bolutions :—1. Saline solution.—A 06 per cent. solution of
eommon salt is used in place of serum for mounting fresh tissues for imme-
diate examination.

2. A niixture of glycerine and water in equal parts.

8. Farrant's solution.—Take a mixture of equal parts of glycerine and
saturated watery solution of arscnious acid, and stir gum arabic with it until a
thick syrupy fluid is formed. Filter.

4. Canada balsam, from which the volatile oils have been driven off by
heat, dissolved in benzole.
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square crown 8vo. 21+,

Student’s Edition, revised and condensed,
with 46 Illustrations and Maps, 1 vol,
crown 8vo, 7s. 6d,

COOKE, — ZusLers oF Awvaromy
AND PrysioLocr. By THOMAs COOKE,
F.R.C.S, Being a Synopsis of Demon-
strations given in the Westminster Hos-
pital Medical School, A.n. 1871-1875.
Anatomy, complete, Second Edition,
4to. 155, Physiology, complete, Second
Edition, 4to. 10s.

* & These TABLETS may still be had in
separate Fasciculi as originally publisked,

COX.—A Gewnerar History or
GREECE : from the Earliest Period to the
Death of Alexander the Great; with a
Sketch of the Subsequent History to the
Present Time. By the Rev. Sir G. W,
Cox, Bart. M.A. With 11 Maps and
Plans. Crown 8vo. 7s. 64.

CRAWFORD.—Across THE Pampras

AND THE ANDES. By ROBERT CrAw-.
ForRD, M.A. With Map and 7 Illustra-
tians, Crown 8vo, 75, 64,
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CREIGHTON. — History OF 71HE
PAaracy DURING THE REFORMATION,
By the Rev. M, CrEIGHTON, M.A, Vol.
I. the Great Schism—the Council of
Constance, 1378-1418. Vol. II, the
Council of Basel—The Papal Restoration,
1418-1464. 2 vols. 8vo. 32s.

CRESY.—En~cycrorzpia oF Civie
EncINeERING, Historical, Theoretical,
and Practical, By EDWARD CREsy,
With above 3,000 Woodcuts, 8vo, 25s,

CULLEY.—HanpB0ook oF PRACTICAL
7sLEGRAPHY. By R. S. CULLEY,
M. Inst, C.E, Plates and Woodcuts,
8vo, 16s.

DAVIDSON.—A~ InTrRODUCTION TO
THR STUDY OF THE NEW TESTAMENT,
Critical, Exegetical, and Theological.
By the Rev. 8. Davipson, ID.D. LL.D.
Revised Edition, 2 vols. 8vo. 30s.

DEAD SHOT, The, oz Srorrs-
MAN'S COMPLETE GUIDE ; a Treatise on
the Use of the Gun, with Lessons in the
Art of Shooting Game of all kinds, and
Wild-Fowl, also Pigeon-Shooting, and
Dog-Breakine, By MARKSMAN. With
13 Illustratik ‘ Crown 8vo. 10s. 6d.

DECAISNE & LE MAOUT.— 4
GENERAL SYS1EM OF BoTANY. Trans
lated from the French of E. LE Maour,
M.D.,, and J. DecaisNg, by Mrs,
HookER; with Additions by J. D.
HooKER, C.B. F.R.S. Imp, 8vo, with
5,500 Woodcuts, 31s. 62,

DE TOCQUEVILLE.—Dzsocracy
IN AMERKCA. By ALEXIS DE TOCQUE-
VILLE. Translated by H, REEVE. 2 vols.
crown 8vo, 165,

DEVAS.—Grovvpnorx or Ecowo-
Mmrcs. By C. S. DEVAs,  8vo, 165,

DEWES.— 7Zxe Lirr anvp LETIERS
oF ST. PavL. By ALFRED DEWES,
M.A. LL.D. D.D. Vicar of St. Augus-
tine’s, Pendlebury. With 4 Maps, 8vo,
7s. 62.

DIXON.—RuvxrarL Bikp Lirz ; Essays
on Ornithology, with Instructions for
Preserving Objects relating to that
Science. By CHARLEs DIXON., With
45 Woodcuts, Crown 8vo, 5.

DOWNING.—ZEzemENTS OF PraAC-
71cAL COAMSTRUCTION, for the Use of
Students in Engineering and Architecture.
By SaMueL DowniNg, LL.D. Partl.
Structures in Direct Tension and Com-
pression.  With numerous Woodcuts
and a Folio Atlas of 14 Plates. 8vo, 145,
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DICKINSON, — Diseases oF 7THE
KIDNEY AND URINARY DERANGEMENTS.
By W. HowsHip DICKINSON, M.D.
Cantab, F.R.C.P. &c. Physician to, and
Lecturer on Medicine at, St. George’s
Hospital. In Three Parts. PaRT L—
Diabetes, with 3 Plates of Figures and 17
Woodcuts.  8vo. price 105, 6d.  PART
I1.—Albuminuria, with 11 Plates and 31
‘Woodcuts, price 20s.

*4* The Two Parts may be had sepa-
rately, each an independent work : PART
L—Diabetes, price 12s. cloth.  PART
II.—Being the Second Edition Revised
of Dr. DICKINSON's ¢Pathology and
Treatment of Albuminuria,’ price 21s.
cloth, PaArT IIL, completing the work,
is in the Press.

DOYLE,—T=e ENcLISH IN AMERICA;

Virginia, Maryland, and the Carolinas.
By J. A. DovLE, Fellow of All Souls’
College, Oxford. 8vo. Map, 18s.

DRESSER.—/Jaran ; i1s ArcHirsc-
TURE, ARTy AND ART MANUFACTURES.
By CHRISTOPHER DRESSER, Ph.D. F.L.S.
&c.  With 202 Graphic Illustrations en-
graved on Wood for the most part by
Native Artists in Japan, the rest by G.
Pearson, after Photographs and Drawings
made on the spot. Square crown 8vo.
315 6d.

EASTLAKE,—Fie Grrar Paivr-

ERs; Essays on Leonardo da Vinci,
Michael Angelo, Titian, Raphacl, Albert
Diirer, By LADY EASTLAKE. 2 vols.
Crown 8vo. 16s.

EASTLAKE.,— Worxs sy C. L. EAST-
LAKE, F.R.S. B.A.

Hinrs ov Housenorn Tasrr Iv
FURNITURE, UPHOLS1ERY, &c. With
100 Illustrations. Square crown 8vo. 14s.

Nores ov Forricy Prcrure GAL-
LERIES, Crown 8vo,

The Louvre Gallery, Faris, with 114 Illus-
trations, 7s. 64,

The Brera Gallery, Milan, with 55 Illustra-
tions, §s.

The Old Pioaluthell, Munick, with 107
Illustrations, 75, 64,

EDERSHEIM. — 7wz Lire anp
TiMES OF JESUS THE MEssiad. By
the Rev. ALFRED EDERSHEIM, M.A.
Oxon, D.D. Ph.D. Warburtonian Lec-
turer at Lincoln's Inn. 2 vols. 8vo, 42s.

EDWARDS.—Ouvr Seanarks. By
E. Price Epwarps. With numerous
Tllustrations of Lighthouses, Lightships,
Lighting Appliances, &c. engraved on

Wood by G. 11, Ford, Crown 8vo, 8. 6d. |
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ELLICOTT. — Works 3y C. .

Erricorr, D.D., Bishop of Gloucester
and Bristol.

A CRITICAL AND GRAMMATICAL

COMMENTARY ON ST, PAUL'S EPISTLES.
8vo, Galatians, 8s. 64. Ephesians,
8s. 6d. Pastoral Epistles, 10s. 64, Philip-
pians, Colossians, and Philemon, 105, 64.
Thessalonians, 7s. 6d.

HisToricar LECTURES ON THE LiFE

OF OUR LORD ESUS CHRIST. 8vo. 125,

EPQCHS OF ANCIENT HISTORY.

Edited by the Rev. Sir G. W. Cox, Bart.
M.A. and C. SaNkEY, M. A,

Beesly’s Gracchi, Marius and Sulla, 25, 64,

Capes’s Age of the Antonines, 2s. 6d.

Early Roman Empire, 2. 64.

Cox’s Athenian Empire, 2. 6d.

Greeks and Persians, 25, 64,

Curteis’s Macedonian Empire, 2s. 6d.

Thne’s Rome to its Capture by the Gauls,
25, 6d.

Merivale’s Roman Triumvirates, 2s. 6.

Sankey’s Spartan and Theban Supremacies,
2s. 6d.

Smith’s Rome and Carthage, 2s. 64,

EPOCHS OF MODERN HISTORY.

Edited by C. CoLBECK, M. A.
Church’s Beginning of the Middle Ages,
25, 6d.
Cox’s Crusades, 2s. 6d.
Creighton’s Age of Elizaheth, 2s5. 6d.
Gairdner’s Lancaster and York, 2s5. 64.
Gardiner’s Puritan Revolution, 2s. 64.
————— Thirty Years’ War, 2s. 6d.
———=— (Mrs.) French Revolution, 2s. 64.
Hale’s Fall of the Stuarts, 25, 6d.
Johnson’s Normans in Europe, 2s. 64.
Longman’s Frederick the Great, 2s. 6d.
Ludlow’s War of American Independence,
25, 6d.
M¢Carthy’s Epoch of Reform, 1830-1850,
d.

25, 6d.
Morris’s Age of Anne, 25 64.
Seebohm’s Protestant Revolution, 2s. 6d.
Stubbs’ Early Plantagenets, 2s. 64.
Warburton’s Edward I11, 25, 6.

ERICHSEN.— Worxs sy Joun Eric

EricHsen, F.R.S.

Tue Scizwce anpD ART OF SUR-

GERY: Being a Treatise on Surgical In-
juries, Diseases, and Operations, Illus.
trated by Engravings on Wood. 2 vols
8vo. 425, ; or bound in half-russia, 60s.

On CoNcUSSION OF THE SPINE, INER-

vous SHocks, and other Obscure Injuries
of the Nervous System in their Clinical
and Medico-Legal Aspects, Crown 8vo.
105, 64,



o

. 4
15 LONGMANS'& €0.s L1ST OF GENERAL AND SCIENTIFIC BOOKS:

NS A s v e

BVANS.— Tz Brovze IMPLEMENTS,
ARMS, AND OBNAMENTS OF GREAT
BRITAIN 4ND IRELAND. By JOHN
Evans, D.C.L. LL.D. F.R.S. With
540 Illustrations.  8vo. 23s.

EWALD.— Wozks v [PROFESSOR
Heivrice EwaLp, of Gottingen.

Tur  AntiQuiTiEs OF  ISRAEL.
Translated from the German by H. S,
SoLry, M.A. 8vo. 125, 64,

Zur Hrsrory or ISRARL. ,’Era.ns-
lated from the German, Vols, 1=V, 8vo,
63s. Vol. VL. Christ and his Times, 8vo.
16s.  Vols, VII, and VIIL. Zhe Apostolic
Age, 8vo, 215,

FAIRBAIRN.— Worxs »v Sik W.
FarrBaIrN, Barr, C.E.

A TreaTisE oN MILLS AND MILL-
WORK, with 18 Plates and 333 Woodcuts.
1 vol, 8vo, 255

Uszrur Invroxmarion rox ENGI-

~NEERS. With many Plates and Wood-
cuts, 3 vols. crown 8vo, 31s. 6d.

FARRAR.—Zawncvice awp Law-
GUAGES. A Revised Edition of Chapters
on Language and Familics of Speech. By
F. W Farrar, D.D. Crown 8vo. 6s.

FITZWYGRAM., — Horses  4np
ST4BLES. By Major-General Sir F,
FrrzwycraM, Bait. With 39 pages of

/ Illustrations, 8vo, 10s. 6.

FOX.—Zwz Eariy Hisrory or
CHARLES FaMES FoX. By the Right
Hon. G. O. TREVELYAN, M.P, Library

Edition, 8vo, 18s, Cabinet Edition,
cr. 8vo, 63,

FRANCIS,—4 Buox onv Awering;
or, Treatise on the Art of Fishing in every
branch ; including full Illustrated Lists
of Salmon Flies. By FRANCIS FRANCIS,
Post 8vo. Portrait and Plates, 155,

FREEMAN,— Wozxs sy E. A, Friz-
Mav, D.C.L,

Tue HISTORICAL GEOGRAPHY OF
XKurore. With 65 Maps. 2 vols. 8vo.
315, 64,

Some IMPRESSIONS 0F THE UNITED
S747Es. Crown 8vo, 6s.

FRENCH. — Niveresy CENTURIES
oF DRriNk IN ENGLaND, a istory,
JRicHARD VALPY FRrENCH, D.C.L.
LL.D. F.S.A. 3 Author of  The History

of Toasting? &c. Crown 8vo. 105, 67,
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FROUDE.— Works By James A
Frovupe, M.A.

Tur History oF ENGLAND, from
the Fall of Wolsey to the Defeat of the
Spanish Armada,

Cabinet Edition, 12 vols, cr. 8ve, £3. 125,
Popular Edition, 12 vols. cr. 8vo, 23. 25,

SHORT STUDIES ON GREAT SUB-
$ECTS. 4 vols. crown 8vo, 245,

Tir ENGLISH IN IRELANB IN THE
EIGHTEENTH CENTURY. 3 vols. crown
8vo. 18s. .

Titorras CarLyir, a History of the
first Forty Years of his Life, 1795 to
1835. 2 vols. 8vo, 325

CariLyie's Lire 1v Lovpow : from
1834 to his deathin 1881. By JAMEs A.
Froupe, M.A, with Portrait engraved
on steel. 2 vols, 8vo. 32«

GANOT.— Works By PROFESSOR
GA4NoT. Translated by E, ATKINSON,
Ph.D. F.C.S.

ErLrMENTARY TREATISE on Puy.
s1¢s, for the use of Colleges and Schools,
With 5 Coloured Plates and 898 Wood-
cuts. Larg Ycrown 8vo. 155,

Narvrar Frirrosorny ror GENE-
RAL READERS AND YOUNG PERSONS.
With 2 Plates and 471 Woodcuts, Crown
8vo, 75, 64,

GARDINER.— Worxs 8y SamvzL
Rawson Garpiver, LL.D.

Hisrory or En¢ranp, from the
Accession of James I, to the Outbreak of
the Civil War, 1603-1642, Cabinet
Edition, thoroughly revised. 10 vols.
crown 8vo, price 6. each. '

OurLine oF ENcLisH HISTORY,
B.C. 55-A.D. 1880, With 96 Woodcuts,
fep. 8vo, 2. 64.

** For Professor Gardiner’s other
Works, sce ¢ Epochs of Modern History,’
p. 9

GARROD. — Worxs v ALFrED
Barive Garrop, M.D. F.R.S.
A TrREATISE ON Govr AND RHEU-

M 17IC GOUT{RHEUMATO!D ARTHRITIS).
With 6 Plates, comprising 21 Figures
(14 Coloured), and 27 Illustrations en-

graved on Wood, 8vo. 21s

THe Essenriars oF JMATERIA
MEDICA AND THERAPERUTICS. Revised
and edited, under the suj on of the
Author, by E, B, BaxTeR, M,D. F.R.C,P.
"Professor of Materia Medica and Thera-
peutics in King’s College, London,
Crown 8vo, 125, 64,
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GOETHE.—F4vsr. Translated by
T, E. Wess, LL.D. Reg. Prof. of Laws
and Public Orator in the Univ, of
Dublin, 8vo. 125. 6d. . )

Faust. A New Translation, chiefly in
Blank Verse ; with a complete Introduc-
tion and Copious Notes. By JAMEs
Apey Birps, B.A. F.G.S. Large
crown 8vo. 12s. 64.

Favusr, The German Text, with an
English Introduction and Notes for Stu-
dents. By ALBERT M. SELss, M.A.
Ph.D. Crown 8vo, §s.

GOODEVE,— Works sy T. M. Goop-
EvE, M. A,
PrinciPLES oF MEcHanics.  With
253 Woodcuts. Crown 8vo. 6s.
Tur ELrEumenNts oF MECHANISM,
With 342 Woodcuts, Crown 8vo. 65,

GOSPEL FOR THE NINETEENTH
CENTURY (The). 8vo. 10s. 64.

GRANT.— WorksBY SIR ALEXANDER
GRANT, BarT. LL.D. D.C.L. &
Tur STORY 0F THE UNIVERSITY OF
EpivsurcH during its First Three Hun-
dred Years. With numerous Illustrations.
2 vols. 8vo. 36s.
Tue Eriics or Arisrorrr. The
Greek Text illustrated by Essays and
Notes. 2 vols. 8vo. 32s.

GRAY., — Awaroary, DESCRIPTIVE
AND SvrercaL. By IIENRY Gray,
F.R.S. late Lecturer on Anatomy at St.
George’s Hospital.  With 557 large
‘Woodcut 1llustrations ; those in the First
Edition after Original Drawings by Dr.
Carter, from Dissections made by the
Author and Dr. Carter; the additional
Drawings in the Second and subsequent
‘Editions by Dr. Westmacott, and other
Demonstrators of Anatomy. Re-edited
by T. PicKERING PICK, Surgeon to St.
George's Hospital, Royal 8vo. 3os.

GREVILLE. — JovurniL oF 7HE
REIGNS OF KING GEORGE I'V. AND KING
Witriam IV, By the late C. C. F.
GREVILLE, Edited by . ReEvVE, C,B.
3 vols. 8vo. 36s.

GWILT.—A~x Encrcrorzpia oF
ARCHITECTURE, Historical, Theoretical,
and Practical. By JosEpu GwILT, F.S.A.
Illustrated with more than 1,100 En-
rravings on Wood by R. Branston from
%mwings by J. S. Gwilt. Revised, with
Alterations and Considerable Additions,
by Wyart PAPWORTH. Additionally
illustrated with nearly 400 Wood En-
gravings by O. JEWIIT, and nearly 200
«wother Woodcuts, 8vo. 52s. 64,

GROVE.—7wz CorrEratiON - OF
Pyysicar Forces, By the Hon. Sir
W. R. Grovg, F.R.S. gc. 8vo. 155,

HALLIWELL-PHILLIPPS., — Ouz-
LINES OF THE LIFE OF SHAKESPEARE.
By]J. O. HALLIWELL-PHILLIPPS, F.R.S.
8vo, ¥s. 64.

HAMILTON.—LZ:rz or Siz Wirziam
R. Hamirron, Kt. LL.D. D.C.L.
M.R.I.A. &c. Including Selections from
his Poems, Correspondence, and Miscel-

neous Writings, By the Rev. R, P,
RAVES, M.A, Vol L 8vo, 15,

HARTE.— Ow 7z Fronvrier., Three

Stories. By BRET IIARTE, I6mo. Is.

HARTWIG.— Wozrxs sy Dr. G
Harrwre.

Tur Sea AnD 175 LIviNGe WONDERS
8vo, with many Illustrations, 10s. 6d.
Tre Tropicar TVorLp., With abou

200 Illustrations, 8vo. 105, 64,

Twe Porar Worip,; a Description
of Man and Nature in the Arctic and
Antarctic Regions of the Globe. Maps,
Plates, and Woodcuts,  8vo. 105, 64.

Tw#E Arcric Recrons (extracted from
the ¢ Polar World’). 4to. 6d. sewed.

TnEe SuprerrRANEAN Worzp, With
Maps and Woodcuts. 8vo, 10s. 6d.

Tue Arrrar WorcLp; a Popular
Account of the Phenomena and Life of
the Atmosphere. Map, Plates, Wood-
cuts. 8vo. ros. 6d.

HASSALL, — Workxs By ARTHUR
Hirr Hassarr, M.D.

Foop ; its Adulterations and the Me-
thods for their Detection, Illustrated,
Crown 8vo. 24s.

Saw Reno, climatically and medically
considered, With 30 Illustrations, Crown
8vo. 5s.

HAUGHTON. — Si.x Zicrurss o
LPuysicAL GEOGRAPHY, delivered i 1876,
with some Additions, By the Rev.SAMUEL
HavucHToN, F.R.S, M.D, D.C,L. With
23 Diagrams, 8vo. 155,

HAVELOCK. — Menmoirs oF Sir
HEeNry Haverock, K.C.B. By Joun
CLARK MARSHMAN. Crown 8vo. 3. 64.

HAWARD,—A Trrarise on Ogx-
THOPAEDIC SURGERY. By J. WARRING-
TON HAWARD, F.R.C.S. Surgeon to St.
George’s Hospital, * With 30 Illustrations
engraved on Wood, 8vo. 12s. 6d.
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HELMHOLYZ,—PoruLar LECTURES
ON SCIENTIFIC SUBYECTS. By Professor
HervHorTz, Translated and edited by
EpMuNp ATKINSON, Ph.D. F.C.S.
With a Preface by Professor TYNDALL,
F.R.S. and 68 Woodcuts. 2 vols,
Crown 8vo, 155, or separately, 75. 6d. each,

HERSCHEL.—Ourzines or Asrro-
~omy. By Sir J. F. W. HERSCHEL,
Bart, M.A. With Plates and Diagrams,
Square crown 8vo. 125,

HEWITT., — Worxs
Hewrrt, M.D.

TueE Diacnosts AND TREATMENT
OF DISBEASBS OF WOMEN, INCLUDING
THE DIAGNOSIS OF PREGNANCY. New
Edition, in great part re-written and
much enlarged, with 211 Engravings on
‘Wood, of which 79 are new in this Edi-
tion, 8vo. 24s.

Tue MecHANICAL SysTEN o1 Urk-
RINE Parnorogy. With 31 Life-size
Illustrations prepared expressly for this
Work., Crown 4to, 7. 6d.

HICKSON. — Zrrzanvp IN  7HE
SEVENTEENTH CENTURY ; or, The Irish
Massacres of 1641-2, their Causes and
Results. Illustrated by Extracts from the
unpublished State Papers, the unpublished
MSS. in the Bodleian Library, Lambeth
Library, &c. ; a Selection from the unpub-
lished Depositions relating to the Massa-
cres, and the Reports of the Trials in the
High Court of Justice, 1652-4, from the
unpublished MSS. By MARY HIcKsoN.

/ With a Preface by J. A. Froude, M. A.
2 vols, 8vo, 28s.

HOBART.— 75z MzeD1cAL LANGUAGE
oF ST. Luxe: a Proof from Internal
Evidence that St. Luke’s Gospel and the
Acts were written by the same person,
and that the writer was a Medical Man,
By the Rev. W. K. HoBArT, LL.D.
8vo. 16s.

HOLMES.—A4 SvsTem or SURGERY,
Theoretical and Practical, in T'reatises by
various Authors, Edited by TiMorny
HorLmEs, M,A. Surgeon to St. George’s
Hospital ; and J. W. HuLkr, F.R.S,
Surgeon to the Middlesex Hospital, In

olumes, with Coloured Plates and
Illustrations on Wood. 3 vols. royal 8vo.
price Four Guineas,

HORACE.—Hor 711 Orei.y, Library
Edition ; the Text carefully corrected,
with Notes, Marginal References, and
Various Readings. Edited by the Rev.

. E. YoNGgE, M,A, Assistant Master,
ton, - 8vo, 215,
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HOMER.—7Z#z Ir14D or HoMER,
Homometrically translated by C, B. Cav-
LEY. 8vo, 125 6d.

Tur Irrap or Homer. The Greek
Text, with a Verse Translation, by W, C,
GREEN, M.A. Vol. I, Books L-XII,
Crown 8vo, 6.

HOPKINS.—Crrist 7HE CONSOLER ;
a Book of Comfort for the Sick. By
ErLice Hopkins, Fep. 8vo, 25, 64,

HORSES AND ROADS; or How to
Keep a Horse Sound on His Legs. By
FREE-LANCE, Crown 8vo. 6s.

HORT,—Z7xx New PANTHEON, OF an
Introduction to the Mythology of the
Ancients. By W. J. Horr. 18mo.
25, 6d.

HOWITT.— Visizs 170 REMARKABLE
Praces, Old Halls, Bnttlc}l:'ields, Scenes
illustrative of Striking Passagzs in English
History and Poetry. By- WILLIAM
IHowrrt. With 8o Illustrationd engraved
on Wood. Crown 8vo. 7s. 6d.

HULLAH.— Fyrxs sy Joun HuL-
zau, LL L

CoUrse orF LEcTUrEs oN THE HIs-
TORY OF MODERN Music. 8vo. 8s. 6,

CoURSE OF LECTURES 0N THE TRAN-
SITION PERIOD OF MusicaL HISTORY.,
8vo. 105 64.

HULME.—Ax7r-Insrructioy iv Enc-
Lanp. ByF. E. HuLmg, F.L.S, F.S.A,
Fep. 8vo, 35 6d.

HUME.— 7w PrirrosorricaL Works
or Davip Hune., Edited by T, 1L
GREEN, M.A. and the Rev. T. H.
GROSE, M.A. 4 vols. 8vo, 56s. Or
separately, Essays, 2 vols, 28s. Trealise
on Human Nature. 2 vols, 28s.

HUSBAND, — Exarivarion QuEs-
TIONS IN AN.iTOMY, Pi1ysioLoGy, Bo-
TANY, MATERIA MEDICA, SURGERY,
MEDICINE, MIDWIFERY, AND STATE-
MEDICINE, Arranged by H. A, Hus-
BAND, M. B, M.C, M.R.C.S, L.S.A. &c.
32mo, 4. 6d.

INGELOW. — Pozricar Works or
FraNINGELOW. New Edition, reprinted,
with Additional Matter, from the 23rd
and 6th KEditions of the two volumes
respectively. With 2 Vignettes, 2 vols,
Fep. 8vo, 125,
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IN THE OLDEN TIME.—A Novel.
By the Author of ¢ Mademoiselle Mori.
Crown 8vo, 6s.

JAMESON.— Works By Mrs. Janz
SON.

LEGENDS OF THE SAINTS AND MAR-
7¥RS, With 19 Etchings and 187 Wood-
cuts. 2 vols, 315, 64.

LEeGenDs oF THE Maponya, the
Virgin Mary as represented in Sacred
and Legendary Art. With 27 Etchings
and 165 Woodcuts. I vol. 21s.

LEGENDS oF THE MONASTIC ORDERS.
With 11 Etchings and 88 Woodcuts,
I vol, 215,

History or THE Saviour, His Types
and Precursors. Completed by Lady
EAsTLAKE., With 13 Etchings and 281

Woodcuts, 2 vols. 42,
JEFFERIES.— Works By Ricizarp
JEFFERIES.

Tie Srory or My Hearr: My
Autobiography, Crown 8vo. §s.
Rep Deer. Crown 8vo. 4s. 64.

JOHNSON.— 7315 PATENTEE'S MAN-
UA4L ; a Treatise on the Law and Practice
of Letters Patent, for the use of Pdtentees
and Inventors. By J. JoHNsoN and J.
H. JouNsoN. 8vo. 10s. 64.

JOHNSTON,—A Generar Drcrion-
ARY OF GEOGRAPHY, Descriptive, Physi-
cal, Statistical, and Historical ; a com-
plete Gazetteer of the World, By KeiTn

JOINSTON. Medium 8vo. 425,
JONES. — Tue Hrarre oF THE
SENSES: SIGHT, IIEARING, VOICE,

SMELL AND TASTE, SkIN; with Hints
on Health, Diet, Education, Health Re-
sorts of Europe, &c. By H. MACNAUGH-
TON JoNES, M.D. Crown 8vo. 3s. 64.

JUKES.— Worxs By tHE REV. AN-
DREW JUKES.

Twe NEw MAN AND THE ETERNAL
Lire, Crown 8vo. 6s.

Tk TveEs oF GENESIS.
8vo, 7s. 64,

TuE SECOND DEATH AND THE RE-
snggmm OF AL TiinGs. Crown 8vo,
35

The Mysrtery or rie Kivepoar,
Crown 8vo. 25, 64,

JUSTINIAN,—TxE INSTITUTES OF
JusTINiAN ; Latin Text, chiefly that of
Huschke, with English Introduction,
Translation, Notes, and Summaty. By
Tuomas C. SANDARs, M.A. Barrister-
at-Law, 8vo. 18s,

Crown

STV IS P VTR VN

KALISCH, — Wozks sy M M.

Kariscr, M.A.

Bisre Srupigs. Part 1. The Pro-
phecies of Balaam, 8vo. 105, 64, Part
II. The Book of Jonah. 8vo. 10s. 64.

CoOMMENTARY ON THE OLD TESTA-
MeAT; witha New Translation. Vol. I.
Genesis, 8vo. 18s, or adapted for the
General Reader, 125, Vol. 11. Exodus,

15¢. or adapted for the General Reader,

125, Vol. I1I, Leviticus, Part I. 155, or
adapted for the General Reader, 8s.
Viol. IV, Leviticus, Part II, 1§s. or
adapted for the General Reader, 8s.

IS VEVAN

KANT. — Cririoue or PRACTICAL
RE4S0N, and other Works on the Theory
of Ethics,. By EMMANUEL KaNT.
Translated by Thomas Kingsmill Abbott,
B. D6 ‘With Memoir and Portrait. 8vo.
125, 6d,

KEARY.—Ouvriines or PRIMITIVE
BELIEF AMONG THE INDO-EUROPEAN
Kaces. By CHARLES F. KEARY, M.A,
8vo, 18s.

KELLER.—Z7wz Laks DWELLINGS
OF SWITZERLAND, and other Paris of
Europe. By Dr. F. KrLLER, President
of the Antiquarian Association of Ziirich,
Translated and arranged by Joun E,
Leg, F.S.A, F.G.S. 2 vols, royal 8vo.
with 206 Illustrations, 42s.

KERL.—A PracricaL TREATISE ON
METALLURGY. By Professor KERL,
Adapted from the last German Edition by
W. Crookes, F.R.S. &c. and E, Robrig,
Ph.D. 3 vols. 8vo. with 625 Woodcuts,

£4. 195

KILLICK.—Huaxppoox ro MiLL's
Sysrea oF Logic, By the Rev. A, 11,
KiLrLick, M.A. Crown 8vo. 3s. 64,

KOLBE.—A Suorr Tzx7-BOOK OF
INORGANIC CHEMISTRY. By Dr, HER-
MANN KoLBE. Translated from the
German by T. S. HuMmPiDGE, Ph.D.
With a Coloured Table of Spectra and
66 Illustrations, Crown 8vo, 7s. 6d.

LANG.— Worxs 8y Anprew Laxc,
late Fellow of Merton College.

Cusron axp Myru; Studies of Early
Usage and Belu:f With Illustrations,
Crown 8vo, 7s. 6d.

THE Princess Nosovy: a Tale of
Fairyland, ~ After the Drawings by
Richard Doyle, printed in colouss by
Edmund Evans, Post 4to, 55 boards.
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LATHAM.— Worxs sv Roskrr G.
Larear, M.A. MD,

A Dicrionary or THE ENGLISH
LanGu4GE. Founded onthe Dictionary
of Dr. Jounson. Four vols, 4to. £7.

A DicrioNdry oF THE ENGLISH
LaNGUAGE. Abridged from Dr, Latham’s
Edition of Johnson's Dictionary, One
Volume. Medium 8vo. 14s.

Hanpsoox or THE ENGLISH LAN-
GU4GE. Crown 8vo. 6s.

LECKY.— Works sy W. E. H. L8cky.

H1sTorRy oF ENGLAND IN THE 18TH

CENTURY. 4 vols. 8vo. 1700-1784,
£3. 125

TwB Historyor EurorEAN MORALS
FROM AUGUSTUS TO CHARLEMAGNE.
2 vols. crown 8vo. 16s.

HisTorRY 08 THE RIsE AND INFLU-
ENCE OF THE SPIRIT OF RATIONALISM
IN EUROPB. 2 vols. crown 8vo. 16s.

LEapERS oF PusLic OpIiNiON IN
JRELAND. — Swift, Flood, Grattan,
O’Connell.  Crown 8vo, 7s. 64.

LESLIE.—Zss4ys 1¥ POLITICAL AND
MoraL Prrrosoriry. By T. E. CLIFFE
LesLIE, Barrister-at-Law. 8vo. 105, 64.

LEWES,—~7wr Hisrory or PHILO-
sorxy, from Thales to Comte. By
GeorRGE HENRY LEWES, 2 vols, 8vo,
325

LEWIS. — Ox ru#e INFLUENCE OF
AUTHORITY IN MATTERS OF OPINION,
By Sir G, C, Lewis, Bart, 8vo. 14s.

LINDLEY and MOORE. — 7wz
TREASURY OF DBorany, or Popular
Dictionary of the Vegetable Kingdom.
Edited by J. LiNnpLEY, F.R.S. and T.

, Moore, F,L.S. With 274 Woodcuts
and 20 Steel Plates. Two Parts, fcp.
8vo, 125,

LITTLE.—Ox Iw-x¥zz Distorrion
(Genu Valgum) : Its Varieties and Treat-
ment with and without Surgical Opera-
tion. By W. J. LiTTLE, M.D. Assisted
by MurrrEAD LITTLE, M.R.C,S, With
40 IMustrations, 8vo. 7s. 64

LIVEING.— Works sy Rossrr Live-
ive, M.A. and M.D. Cantab.
Hawpsoox on DISEASES OF THE
SkiN.  With especial reference to Dia-
gnosis and Treatment. Fcp. 8vo, §s.
NoTES ON THE TREATMENT OF SKIN
Drseaskes.  18mo, 3,
Lrupiantiasrs GRAECORUM,. OR
“ Trur Lerrosy. Crown 8vo. 45, 6d.

LLOYD.—4 TrErazisz ow MacNsr-
IsM, General and Terrestrial. By H,
Lioyp, D.D. D.C.L. 8&vo. 10s. 64.

LLOYD.—7xE Science oF AGRiCUL-
TURE. By F.J. LLoyp. 8vo. 125

LONGMAN.— Wozrxs By WiLLiam
Loveman, F.S.A.

Lecrures oN THE HISTORY OF
ENGLAND from the Earliest Times to the
Death of King Edward II, Maps and
Illustrations, 8vo. 15s.

History oF THE LIFE anp TIMES
or Epwarp III, With 9 Maps, 8
Plates, and 16 Woodcuts. 2vols. 8vo. 28s.

LONGMAN.— Works Bv FREDERICK
W. Lowncuan, Balliol College, Oxon.
CrEess OpPevinGs.  Fep. 8vo. 25, 64.
FREDERICK THE GREAT AND THE
SevEN YEARS' War, With 2 Coloured
Maps. 8vo, 25, 6d.
A New Pocker DICTIONARY OF
THE GERMAN AND ENGLISH LAN-
6UAGES. Square 18mo. §s.

LONGMAN’S MAGAZINE,
lished Monthly, Price Sixpence.
Vols. 1-4, & §. price 5. each.

LONGMORE.—Guwstor InyURIES ;
Their Ilistory, Characteristic Features,
Complications, and General Treatment,
By Surgeon-General T. LoNGMORE, C.B.
F.R.C.S. With 58 Illustrations. 8vo.
price 31s. 64.

LOUDON.— Worxs sy J. C. Loupon,
F.L.S.

Encycrorzpia or GARDENING ;
the Theory and Practice of Horticulture,
Floriculture, Arboriculture, and Land-
scape Gardening, With 1,000 Woodcuts,
8vo, 21s.

Excycrorania oF AGRICULTURE
the Laying-out, Improvement, and
Management of Landed Property; the
Cultivation and Economy of the Produc-
tions of Agriculture, With 1,100 Wood-
cuts, 8vo. 21s.

Lxcycrorspia or Pranrs; the
Specific Character, Description, Culture,

istory, &c. of all Plants found in Great

Britain, With 12,000 Woodcuts. 8vo. 42s.

LUBBOCK.— 7%z Oriciw o CrviLi-

ZATION AND THE PRIMITIVE CONDITION

oF Man. By Sir ]J. Lussock, Bart.
M.P. F.R.5. 8vo. Woodcuts, 18s.

LYRA GERMANICA ; Hymns Trans-
lated from the German by Miss C.
WINKWORTH, Fcp. 8vo. 3¢,

Pub-
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MACALISTER,—A4~ INTRODUCTION
70 THE SYSTEMATIC ZOOLOGY AND
MorpHOLOGY OF VERTEBRATE ANI-
Mars. By A. MACALISTER, M.D,
With 28 Diagrams. 8vo, 105, 6d.

MACAULAY. — WORKS AND
LIFE OF LORD MACAULAY.

HISTORY OF ENGLAND Frrom
THE ACCESSION OF FAMES THE SECOND:!
Student’s Edition, 2 vols. crown 8vo. 125,
People’s Edition, 4 vols. crown 8vo. 165,
Cabinet Edition, 8 vols. post 8vo. 48s.
Library Edition, § vols. 8vo. £4.
CRITICAL AND HISTORICAL
LESSAYS:
Cheap Edition, 1 vol. crown 8vo. 2s. 6d.
Student’s Edition, 1 vol. crown 8vo. 65,
People’s Edition, 2 vols, crown 8vo, 8s.
Cabinet Edition, 4 vols. post 8vo, 24s.
Library Edition, 3 vols. 8vo. 36s.

LAYSOFANCIENT ROME, Gc.
Illustrated by G. Scharf, fcp. 4to, 10s. 64.
Popular Edition,

fep. 4to. 6d. sewed, 1s, cloth.

Illustrated by J. R. Weguelin, crown 8vo.
35, 64, cloth extra, gilt edges.

Cabinet Edition, post 8vo. 3s. 6d.

Annotated Edition, fep. 8vo. 1s. sewed,
1s. 6d, cloth, or 2s, 6d. cloth extra, gilt
edges, -

ESSAYS which may be had separ-

ately price 64, each sewed, 1s. cach cloth :

Addison and Walpole.

Frederick the Great.

Croker's Boswell’s Johnson,

Hallam’s Constitutional History.

‘Warren Hastings.

The Earl of Chatham (Two Essays).

Ranke and Gladstone.

Milton and Machiavelli,

Lord Bacon.

Lord Clive,

Lord Byron, and The Comic Dramatists of
the Restoration,

The Essay on Warren Hastings annotated
by S. HALEs, 1s. 64.

The Essay on Lord Clive annotated by
H., CouRTHOPE-BOWEN, M. A, 35, 64,

SPEECHES:
People’s Edition, crown 8vo. 3s. 6d.
MISCELLANEQUS WRITINGS
Library Edition, 2 vol§, 8vo. Portrait, 21s.
People’s Edition, 1 vol. crown 8vo. 4s. 64,
SELECTIONS FROM THE
WRITINGS OF LORD MacauLay. Edi-
ted, with Qccasional Notes, b{)the Right
Hon. G. O, TREVELYAN, M.P, Crown

8vo. 6s.
[Continned ahove.
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MACAULAY — WORKS AND
LIFE OF LORD MACAULAY
—continued.

MISCELLANEOUS WRITINGS

AND SPEECHES:
Student’s Edition, in ONE VOLUME, cfown
8vo, 6. ‘
Cabinet Edition, including Indian Penal
Code, Lays of Ancient Rome, and Mis-
cellaneous Poems, 4 vols, post 8vo. 24+,

THE COMPLETE WORKS or
Lorp MacauLay., Edited by his Sister,
Lady TREVELYAN,
Library Edition, with Portrait, 8 wvols.
demy 8vo. £35. 5. .
Cabinet Edition, 16 vols. post 8vo. £4. 165,
THE LIFE AND LETTERS or
Lorp AMacauray, By the Right Hon,
G. O. TREVELYAN, M.P,

Po{:ular Edition, 1 vol. crown 8vo. 6s.

Cabinet Edition, 2 vols. post 8vo. 12s

Libzry Edition, 2 vols, 8vo. with Portrait,
36s.

MACFARREN.—_Zzcrures o Har-

MoNY, delivered at the Royal Institution,
By G. A, MACFARREN. 8vo. 125,

MACKENZIE.—Ox rux USE OF THE
LARYNGOSCOPE IN IDISEASES OF THE
TuroAT ; with an Appendix .on Rhino-
scopy. g;r MoreLL MACKENZIE, M.D.
%:nd. ith 47 Woodcut Ilustrations,

0. 65,

MACLEOD.— Worxs sy Hinry D.
Macreop, M.A.

LPrincreLes oF Ecowosrricar Priro-
soriry. In 2 vols, Vol. 1, 8vo, 15s,
Vol. II. PART 1. 125,

Tur Eremenrs oF Ecovomrcs, In
2 vols, Vol. L. crown 8vo. 7s. 64,

Trhr ELEMENTS o0F BANKING.
Crown 8vo. §s. R

Tue THEoRY AND PRACTICE OF
Banxine. Vol I, 8vo. 125, Vol II,
nearly ready.

LreMENTS oF PoLiricAL EcoNomy.
8vo. 16s.

Econvomics ForR BEGINNERS.
25, 64,

LEecTURES 0N CREDIT AND BANKING.
8vo, §s.

MACNAMARA, — AIMALAYAN AND
SUB-HIMALAYAN DISTRICTS OF BRITISH
Inpra, their Climate, Medical Topo-
graphy, and Disease Distribution, By
F. N. MACNAMARA, M.D. With Map
and Fever Chart. 8vo. 215, !

8vo.
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0CULLOCH. — 7wz Drcriovary
OF COMMERCE AND COMMERCIAL NavI-
GATION of the late J. R, McCuLLOCH,
of H.M. Stationery Office. Latest Edi-
tion, containing the most recent Statistical
Information by A. J. WIiLsON. 1 vol.
medium 8vo. with 11 Maps and 30 Charts,
g;ice 63s. cloth, or 70s, strongly half-
und in russia.

MAHAFFY,—A Hisrory oF CLAs-

SICAL GREEK LITERATURE, By the Rev,

{; P. Manarry, M.A, Crown 8vo.

ol. I. Poets, 75. 64. Vol. II. Rose
‘Writers, 7s. 64,

MALMESBURY.—Mzaoirs oF AN
Ex-MINISTER: an Autobiography. By
the Earl of MALMESBURY, G.C.B, 2 vols.
8vo. 325,

MANNING.—Zwz Temporar Mis-
SION OF THE HoLy GHOST ; or, Reason
and Revelation. By H. E. MANNING,
?.DQCardinal-Archbishop. Crown 8vo.
s, 6d.,

MARTINEAU.— Works By JAmEs

Marrineav, D.D.

Houvrs oF THOUGHT ON SACRED
THINGS. Two Volumes of Sermons.
2 vols. crown 8vo. 7s. 64, each.

ENDEAVOURS AFTER THE CHRISTIAN
Lire, Discourses, Crown 8vo. 7s. 6d.

MAUNDER’S TREASURIES.

Brocraruicar TReasury. Recon-
structed, revised, and brought down to
the year 1882, by W. L. R. Cares.
Fep. 8vo. 6s.

TREASURY OF NATURAL HISTORY ;
or, Popular Dictionary of Zoology. Fep.
8vo, with goo Woodcuts, 6s.

TREASURY oF GEOGRAPHY, Physical,
Historical, Descriptive, and Political,
‘With 7 Mapsand 16 Plates, Fcp. 8vo, 6s.

Hisroricar Treasvry, Outlines of
Universal History, Separate Histories of
all Nations., Revised by the Rev. Sir G.
W, Cox, Bart. M.A. Fcp. 8vo. 6s.

TrREASURY 0OF KNOWLEDGE AND
LrraRy oF REFERENCE. Comprising
an English Dictionary and Grammar,
Universal Gazetteer, Classical Dictionary,
ghrogology, Law Dictionary, &c. Xcp.

vo, 65,

ScienTiFIc AND LITERARY TREA-
sury: a Popular Encyclopsedia of Science,
Literature, and Art, Fep, 8vo, 65,

LONGMANS & CO.'§ LIST OF GENERAIY AND SCIENTIFIC BOOKS,

CraenANes ainonens .

............... e

MAXWELL.—Dox Jounxy or Aus-
TRLI; or, Passages from the History
of the Sixteenth Century, 1547-1578
By the late Sir WiLLIAM STIRLING
MaxweLL, Bart, K.T. With numerous
Illustrations engraved on Wood taken
from Authentic Contemporary Sources.
Library Edition. 2 vols. royal 8vo. 42s.

MAY.— Works sy raE RicHr How.
Str Tromas ERSKINEM 4y, K.C.B.

Ture CONSTITUTIONAL HISTORY OF
ENGLAND SINCE THE ACCESSION OF
GEORGE 111, 1760-1870. 3 vols. crown
8vo. 185,

Derocracy v EvkorE; a History.
2 vols. 8vo. 325,

MENDELSSOHN.— 7%z LETTERS OF
Ferix MenNDELssOHN. Translated by
Lady WALLACE. 2 vols. crown 8vo. 10s.

MERIVALE.,— Works By 111E VERY
REv. CriaARLES MERIVALE, D.D.
Dean of Ely.

History oF THE ROMANS UNDER
THE EMPIRE, 8 vols. post 8vo. 48s.

TuE FaLr or THE Roman Repus-
Lic: a Short History of the Last Cen-
tury of the Commonwealth. 12mo. 7s. 62,

GENERAL HISTORY OF ROME FROM
B.C. 753 70 4.D. 476. Crown 8vo. 7s. 6d.

THE Roaran Trrvmvirares. With
Maps. Fcp. 8vo. 2s. 64.

MILES. — Worxks

MrLEs.

Tue Horsr's Foor, avp How 1o
KEEP IT SOUND, Imp. 8vo, 125. 64.

STABLES AND ST4ABLE FITTINGS.
Imp. 8vo. with 13 Plates, 1§s.

Remarxs ov Horses TreerH, ad-
dressed to Purchasers, Post 8vo. 15, 64.

Praiv TREATISE ov HORSE-SHOE-
ING. Post 8vo, Woodcuts, 25, 64,

By WiLriam

MILL.—An~4Lvsis oF THE PHENO-
MENA OF THE HUMAN MIND., By
James Mint. With Notes, Ilustra-
tive and Critical, 2 vols, 8vo, 28s.

MILL.— Works sy Jounx SrU4RT
Mirr.

PRiNcIPLES OF PoLITICAL ECONOMY.
Library Edition, 2 vols. 8vo. 30s.
People’s Edition, 1 vol. crown 8vo. 5s.

[Continued on next page.
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MILL.—Worrks sy Jouw Srvarr
MiLL—continued,
A Svsrem or Locrc, Ratiocinative
and Inductive,
Library Edition, 2 vols. 8vo. 285,
People’s Edition, crown 8vo. §s,
Ox Liszrry. Crown 8vo. 1s. 44,

O~ REPRESENTATIVE GOVERNMENT.
Crown 8vo. 2s.

AuvroBioGRAPHY, 8v0. 5. 6d.

Essavs ox some UNSETTLED QUES-
TIONS OF PoLiticaL Economy, 8vo,

Urizit4rianiss.  8vo. §s.

Twe Susyecrion oF Women, Crown
8vo. 6s.

Examivarion or Sk WiLriam
HaMiLTON's PrrLosorry. 8vo. 16s,

DISSERTATIONS AND DISCUSSIONS.
4 vols. 8vo. £2. 6s. 6d.

NArURE, THE UTILITY OF RELIGION,
4vp TurisM, Three Essays, 8vo,
105, 64.

MILLER,— Worxs By W. ArrLew
Mirrer, M.D. LL.D.

Tue ELeEMENTS OoF CHEMISTRY,
Theoretical and Practical  Re-edited,
with Additions, by H. MacLeop, F.C.S.
3 vols. 8vo,

Part I. CHEMICAL Puysics, 16s.

Part II. INORGANIC CHEMISTY, 245,

Part ITII. OrGaN1C CHEMISTRY, 31s. 64.

AN INTRODUCTION TO THE STUDY
oF INORGANIC CHEMISTRY. With 71
Woodcuts. Fcp, 8vo. 3s. 64,

MILLER. — Rzapives 1x Sociar
Econvomy. By Mrs. F. FEXWICK
MILLER, Member of the London School
Board. Libm? Edition, crown 8vo, §s.
Cheap Edition for Schools and Beginners,
crown 8vo, 2s.

MILLER.— WinTERING IN THE RiI-
VIERA; with Notes of Travel in Italy
and France, and Practical Hints to
Travellers. By W, MILLER. With 12
Illustrations, Post 8vo. 75, 6.

MILNER. — Country PLEASURES ;
the Chronicle of a Vear, chiefly in a
Garden. By GEORGE MILNER, With
Vignette. Crown 8vo. 6s.

MITCHELL.—A4 Mavvar oF Prac-
7ICAL ASS4YING. By JOHN MITCHELL,
F.C.S. Revised, with the Recent Dis.
coveries incorporated. By W. CROOKES,
F.R.8. 8vo. Woodcuts, 31s. 64,

17

MODERN NOVELIST'S LIBRARY
(THE). Price2s. each boards, or 2, 64,
cloth :—
By the Earl of BeaconsrieLD, K.G.
Endymion.
Lothair. Henrietta Temple.
Coningsby. Contarini Flemﬁlg, &e,
Sybil, Alroy, Ixion, &c.
Tancred, The Young Duke, &c.
Venetia, { Vivian Grey, ¢
By Mrs, OLIPHANT,
In Trust.
By BRET HARTE,
In the Carquinez Woods.
By ANTIIONY TROLLOPE,
Barchester Towers,
The Warden,
By Major WHYTE-MELVILLE,
Digby Grand Good for Nothing,
General Bounce. IHolmby House,
Kate Coventry. The Interpreter.,
The Gladiators. Queen’s Maries.
By Various Writers,
The Atelier du Lys.
Atherstone Priory.
The Burgomaster’s Family.
Elsa and her Vulture,
Mademoiselle Mori.
The Six Sisters of the Valleys,
Unawares.

MONCK, — A~ InrrODUCTION TO
Logre, By Winniam H. STANLEY
Monck, M.A. Prof. of Moral Philos,
Univ. of Dublin. Crown 8vo. §s,

MONSELL,—SrrriTUAL SONGS FOR

LL.D. Fcp. 8vo. 5. 18mo,

' MOORE.—7we Works or TeoMas
MooreE.,
ZLarra Rooxwy, TEnNIEL's Edition,
with 68 Woodcut Illustrations, Crown
8vo, 105, 64,
Irisw MELoDIES, MAcLISE's Edition,
with 161 Steel Plates, Super-royal 8vo,
215,

ON DiseasE IN INDiA, By CHARLES
MOREHEAD, M.D, Surgeon to the Jam-
setjee Jeejeebhoy Hospital. 8vo. 21s,

MORELL. — Hanpsoox or Locic,
adapted especially for the Use of Schaols
and Teachers. By J. D. MoreLL, LL.D,
Fep, 8vo. 2. .

MOZLEY.—REMINISCENCES CHIEFLY
OF ORIEL COLLEGE AND THE OXFORD
Movement. By the Rev. Tiomas
Moziey, M.A. .z vols. crown 8vo.
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MULLER, — Worxs sy F Max
MiLrer, M.A.

BI1oGrRaPHICAL ESSAYS.
75, 64,

SELECTED [ES5avs oN LANGUAGE,
MYTHOLOGY AND RELIGION. 2 vols,
crown 8vo, 16y,

LECTURES 0N THE SCIENCE OF LAN-
GUAGE. 2 vols, crown 8vo. 36s,

Ivpra, Wear Can rr Trace Us?
A Course of Lectures delivered before the
University of Cambridge. 8vo. 12s. 6d.

HiBBERT LECTURES ON THE IGIN
AND GrowTH OF RELIGION, as illus
trated by the Religions of India. Crown
8vo. 7s. 6d.

INTRODUCTION TO THE SCIENCE OF
KBLIcion: Four Lectures delivered at the
Royal Institution ; with Notes and Illus-
trations on Vedic Literature, Polynesian
Mythology, the Sacred Books of the
East, &c.  Crown 8vo. 7s. 64.

A SaNSKRIT GRAMMAR FOR BEGIN-
NERS, in Devanagari and Roman Letters
throughout. Royal 8vo. 7s. 6d,

MURCHISON.— Worxs B CHARLES
Mvrcurson, MD. LLD,
F.R.C.S. &

A Trrarise on THE CONTINUED
Fevers OF GREAT BRITAIN, New
Edition, revised by W. Cavirey, M.D,
Physician to the Middlesex Hospital,
8vo. with numerous Illustrations, 25s.

CrivicaAL LECTURES ON DISEASES
OF THE LIVER, FAUNDICE, AND AB-
DpoMINAL Dropsy., New Edition, re-
vised by T, LAUDER BRUNTON, M.D,
8vo. with numerous Illustrations,

[ {1 preparation.

NEISON.— 7wz Moow, and the Con-
dition and Configurations of its Surface.
By E. Nuson, F.R.A.S, With 26
Maps and § Plates, Medium 8vo, 31s. 64,

NEVILE.— Works BY GEORGE Ne-
viLe, M.A.
Horses avp Ripive.  With 31 Illus-
trations. Crown 8vo. 6s.
Farms anp Farmive. With 13
Illustrations. Crown 8vo. 6.
NEWMAN.—Arozocia pPro  ViTd
Sud ; being a History of his Religious
Opinions by Cardinal NEwMAN. Crown
8vo. 6s.
NEW TESTAMENT (THE) of our
and Saviour Jesus Christ, Illus-
trated with Engravings on Wood after
Paintings by the Early Masters chieflyofthe

talian School, New and Cheaper Edition,
4to, 21s, cloth extra, or 425, moyocgo,

Crown 8vo.
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NORTHCOTT.,—Zarxes anp Turn-
1x6, Simple, Mechanical, and Omamen-
tal. By W, H. NorTHcoTT. With 338
Illustrations. 8vo. 18s.

OWEN,.— Works By SIR RicHARD
Ower, K.C.B. &

THE COMPARATIVE ANATOMY AND
PrrySIOLOGY OF THE VERTEBRATE ANI-
maLs. With 1,472 Woodcuts, 3 vols.
8vo. £3. 135 64,

ExpERIMENTAL PHYSIOLOGY, ITS
BENEPITS TO MANKIND ; with an Ad-
dress on Unveiling the Statue of William
Harvey at Folkestone, August 1881.
Crown 8vo. 5s.

PAGET.— Worxs sy SIR Jamss
PuaceTy BART. F.R.S. D.C.L, &
CrivicAarL LECTURES AND [ESSAYS.
Edited by F, HOwARD MARsH, Assistant-
Surgeon to St. Bartholomew’s Hospital.
8vo. 155,

Lrcrures on Surcrcar Parwo-
LoGy. Delivered at the Royal College
of Surgeons of England. Re-edited by
the AurHorR and W, TURNER, M.D,
8vo. with 131 Woodcuts, 21s,

PALEY.—Vizw or rHE EVIDENCES
OFCURISTIAN YV ANDHORAE PAULINAE.
By Archdeacon PALEY, With Notes and
an Analysis, and a Selection of Questions.
By RoBERT PoTTS, M.A. 8vo. 105, 64.

PASTEUR.—Zouvss PasTeur, his Life
and Labours. By his Son-IN-Law.
Translated from the French by Lady
Craup HamirtoN, Crown 8vo, 7s. 64,

PAYEN.—Zxpusrriar CHEMISTRY ;
a Manual for Manufacturers and for Col-
leges or Technical Schools ; a Translation
of PAYEN’S ¢Précis de Chimie Indus-
trielle,” Edited by B. H, PavL. With
698 Woodcuts, Medium 8vo. 42s,

PAYN.—7Wicker Tiiany Warer. A
Novel. By JaMes PayN, Author of
¢Lost Sir Massingberd’ &c. Crown
8vo. 6s.

PENNELL.—* Frou GraveET0 Gay’:
a Volume of Selections from the complete
Poems of H. CHOLMONDELEY-PENNELL,
g&uthg of ¢Puck on Pegasus’ &c. Fep.

V0. OS5,

PEREIRA.—MarEria MEeDICA AND
THERAPEUTICS. By Dr. PEREIRA,
Abridged, and adapted for the use of
Medical and Pharmaceutical Practitioners
and Students., Edited by Professor R.
BentLEy, M.R.C.S. F.L.S. and by
Professor T. Repwoobn, Ph.D. F.C.S.
With 126 Woodcuts, 8vo. 25s.
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PERRY. — A4 Porvrar Inrropuc-
TION TO THE HISTORY OF GREEK AND
RoMAN SCULPTURE, designed to Promote
the Knowledie and Appreciation of the
Remains of Ancient Art, By WALTER
C. Perry, With 268 Illustrations,
Square crown 8vo. 31s. 6d.

PIESSE.— 7z ARt 0F PERFUMERY,
and the Methods of Obtaining the Odours
of Plants; with Instructions for the
Manufacture of Perfumes, &c. By G.
W. S. Piessg, Ph.D., F.C.,S. With
96 Woodcuts, square crown 8vo. 21s.

PLATO. — 7ur PARMENIDES OF
Praro; with Introduction, Analysis,
and Notes. By THOMAs MAGUIRE,
LIL.D. D.Lit. Fellow and Tutor, Trinity
College, Dublin. 8vo, 75, 6d.

POLE.—7ue Tureory oF riur Mo.
DERN SCIENTIFIC GAME OF WHIST.
By W. Porg, F.R.S. Fecp. 8vo. 25, 6d,

PROCTOR.— Horxs sy R. A. Proc-
TOR.

Twre Suwx; Ruler, light, Fire, and
Life of the Planetary System. With
Plates and Woodcuts, Crown 8vo. 14s.

Tie OrBs Arounp Us ; a Series of
Essays on the Moon and Planets, Meteors
and Comets, the Sun and Coloured Pairs
of Suns, With Chart and Diagrams,
crown 8vo. 7s. 6d.

Oritek WorLps rrianv Ouks,; The
Plurality of Worlds Studied under the
Light of Recent Scientific Researches.
With 14 Illustrations, crown 8vo. 10s. 64.

Tnr Moon; her Motions, Aspects,
Scenery, and Physical Condition, With
Plates, Chaits, Woodcuts, and Lunar
Photographs, crown 8vo. 10s. 6d.

Universe oF St4rs; Presenting
Researches into and New Views respect-
ing the Constitution of the Ieavens.
With 22 Charts and 22 Diagrams, 8vo.
105, 64.

New Srar Arras for the Library,
the School, and the Observatory, in 12
Circular Maps (with 2 Index Plates).
Crown 8vo. §s.

Larcer Star Arias for the Library,
in 12 Circular Maps, with Introduction
and 2 Index Pages. Yolio, 15s. or Maps
only, 12s. 6d.

LicHT Sc1ENCE ForR LEISURE HOURS;
Familiar Essays on Scicntific Subjects,
Natural Phenomena, &c, 3 vols. crown

8vo, 75, 64. each,
[Continued above,

A N VT VAVEN

PROCTOR— WorxsavR.A. ProcToR
continued.

Srupies oF VENUS-TRANSITS } an
Investigation of the Circumstances of the
Transits of Venus in 1874 and 1882,
With 7 Diagrams and 10 Plates. 8vo. §s,

Trawnsits or Vewvus. A Popular
Account of Past and Coming Transits
from the First Observed by Horrocks in
1639 to the Transit of 2012. With 20
Lithographic Plates (12 Coloured) and 38
Illustrationsengraved on Wood, 8vo. 8s.64.

Essavs ov Astronvory. A Series
of® Papers on Planets and Meteors, the
Sun and Sun-surrounding Space, Stars
and Star Cloudlets, With 10 Plates and
24 Woodcuts, 8vo. 12s.

A TrEATISE on THE CYCLOID AND
ON ALL ForMS OF CycLoiDAL CURVES,
and on the use of Cycloidal Curves in
dealing with the Motions of Planets,
Comets, &c. and of Matter projected from
the Sun. With 161 Diagrams. Crown
8vo, 105, 64,

Preasanr W.ays v Scrence, with
numerous Illustrations.  Crown 8vo. 6s.

Myrits Anp MARVELS 0F ASTROs
NoMY, with numerous Illustrations,
Crown 8vo. 6s,

THE ‘KNOWLEDGE’ LIBRARY.
Edited by RICHARD A, PROCTOR.

Screyer Brwavs., A Series of Fa.
miliar Dissertations on- Life in Other
Worlds. By RiCHARD A. TPRrOCTOR,
Crown 8vo. 6.

Twr Porrry or AsTronoay. A
Series of Familiar Essays on the ITeavenly
Bodies, By RicHARD A. PROCTOR.
Crown 8vo. 6s.

Nazrvre Srvpres. Reprinted from
Knowledge. By GRANT ALLEN, AN-
DREW  WiILsSON, THOMAS FOSTER,
Epwarp Crobp, and RICHARD A,
ProcTor. Crown 8vo. 6s.

LEeisure Reanines. Reprinted from
Knowledge. By Epwarp Crowvp,
ANDREW WiLsON, Tuomas FOSTER,
A. C. RUNYARD, and RICHARD A,
Procror. Crown 8vo. 6s.

Tur STARS IN THEIR SEASONS.
An Easy Guide to a Knowledge of the
Star Groups, in Twelve Large Maps. By
RICHARD A. PrROCTOR. Imperial 8vo. 5s.

QUAIN’S ELEMENTS of ANATOMY,
The Ninth Edition. Re-edited by ALLEN
TromsoN, M.D.LL.D. F.R.S.S.L. & E.
EDWARD ALBERT SCHAFER, F.R.S, and
GEORGE DANCER THANE., With up-
wards of 1,000 Illustrations engraved on
Wood, of which many are Coloured.
2 vols, 8vo, 18s, each,
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QUAIN.—A Dicriovary oF MEpr-
¢i¥8.  Including General Pathology,
General Therapeutics, Hygiene, and the
Diseases peculiar to Women and Children,
By Various Writers. Edited by R, QuaIN,

.D. F.R.S, &. With 138 Woodcuts.
Medium 8vo. 31s. 64, cloth, or 40s. half-
russia ; to be had also in 2 vols, 34+, cloth,

RAWLINSON. — Zwz  Sevenra
GREAT ORIENTAL MONARCHY; or, a
History of the Sassanians. By G. Raw.
LINsON, M.A. With Map and 93 Ilus-
trations, 8vo. 28s, 4

READER.— Voicrs rrom FLoWER-
Z.4np, in Original Couplets. By EmiLY
E. READER, A Birthday-Book and Lan-
guage of Flowers, 16mo. 25, 6d, limp
cloth ; 3s. 6d. roan, gilt edges,

REEVE. — Cooxery 4np Houvsk-
KBEPING; a Manual of Domestic Economy
for Large and Small Families, By Mrs.
HEeNRY REEVE, With 8 Coloured Plates
and 37 Woodcuts, Crown 8vo. 7s, 64.

RICH.—A Dicrionary oF Roraw
AND GREEK ANtTIQUITIES. With 2,000
Woodcuts. By A, Ricn, B.A, Crown
8vo. 75, 64,

RIVERS. — Works
RIVERS.

Tur OrcHarD-House; or, the
Cultivation of Fruit Trees under Glass,
Crown 8vo. with 25 Woodcuts, 5s.

Tue Rose AMATEUR'S GUIDE,
Fcp. 8vo. 45 64.

ROGERS. — IPorxs &y

RoGrrs.

TrE EcLipse oF Farrmr; or, a Visit
to a Religious Sceptic. Fcp. 8vo. 5r,
Drrence oF THE ECLIPSE OF

FairH, Fcep, 8vo. 3s. 6d.

ROGET.—Zuzsavrus oF ENGLISH
WOoRDS AND PHRASES, classified and
arranged so as to facilitate the expression
of Ideas, and assist in Literary Compo-
sition. By PETER M. ROGET, M.D.
Crown 8vo, 10s. 64,

RONALDS. — Zwe  Frv-FIsHER'S
ENTOMOLOGY. ALFRED RONALDS,
With 20 Coloured Plates. 8vo. 14s.

By  THoMAS

Hrnry

SALTER,—DzNTAL PATHOLOGY AND
SUurGERY. By S. J. A. SALTER, M.B.
F.R.S. With 133 Lllustrations, 8vo, 185,

30 LONGMANS & CO.’S LIST OF GENEI{‘\L AND SCIENTIFIC BOOKS,

SCOTT.— Woxks sy Joun Scorr.

RENTS AND PURCHASES; or, the
Valuation of Landed Property, Woods,
Minerals, Buildings, &c. Crown 8vo, 6s,

Tng Farm-VaLver, Crown8vo. ss,

SEEBOHM.— Works By FrEDERICK
SEEBOHM.

Tur OxroRD REFORMERS — JOHN
COLET, ERASMUS, AND THOMAS MORE ;
a History of their Fellow-Work, 8vo,
145,

TnE EncLisH ViLLAGE COMMUNITY
Examined in its Relations to the Manorial
and Tribal Systems, and to the Common
or Openfield System of Husbandry, 13
Maps and Plates, 8vo, 16s,

TwrErA oF THE PROTESTANT REVO-
Luv1ioN, With Map, Fep. 8vo, 25, 64,

SENNETT.—7nE Marive Steam
ENGINE ; a Treatise for the use of Engi-
neering Students and Officers of the Royal
Navy. By RicHARD SENNETrT, Chief
Engineer, Royal Navy, With 244 Illus.
trations, 8vo, 215,

SEWELL.—7"0rks By ELIZABETH
M. SEWELZ.

Srories avp Tuarzs.  Cabinet
Edition, in Eleven Volumes, crown 8vo.
35 6d. each, in cloth extia, with gilt
edges :—

Amy Herbert.  Gertrude,
The Earl’s Daughter.

The Experience of Life.

A Glimpse of the World,
Cleve Hall. Ivors,
Katharine Ashton,

Margaret Percival,

Laneton Parsonage. Uisula,

LPassineg Tiovenrs on RELIGION.
Fep. 8vo. 3r. 6d.

PrreparRATION }OR THE HoLy Com-
MUNION ; the Devotions chiefly from the
works of JEREMY TAYLOR, 32mo, 3

NiGHT LESSONS FROM SCRIPTURE.,
32mo, 3s. 64,

SEYMOUR.—7#£ Psarmus or Davip;
a new Metrical English Translation of the
Hebrew Psalter or Book of Praises, By
WiLL1AM Di1GBY SEYMOUR, Q.C, LL.D,
Crown 8vo. 2s. 6d.

SHORT,—Sxzrca oF rrE HISTORY
OF THE CHURCH OF ENGLAND TO THE
Revorurion or 1688, By T, V, SHORT,
D,D, Crown 8vo. 7. 6}.'
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HAKESPEARE.—BowpLer's Fa-
MILY SHAKESPEARE. Genuine Edition,
in I vol. medium 8vo. large type, with
36 Woodcuts, 14s. or in 6 vols. fcp. 8vo.
215,

OvrLives oF THE LivE OF SHAKE-
SPEARE. By J. O. HALLIWELL-PHIL-
vures, F.R.S. 8vo. 7. 6d.

SIMCOX.—A4 Hisrory or Lariw
LITERATURE. By G. A. Simcox, M.A.
Fellow of Queen’s College, Oxford, 2
vols, 8vo. 325,

SKOBELEFF AND THE SLAVONIC
CAUSE. By O. K. Honorary Member
of the Benevolent Slavonic Society, 8vo,
with Portrait, 14s,

SMITH, Rev. SYDNEY.— 74z Wir
AND Wrspoum oF TiE REV, SYDNEY
Surry,  Crown 8vo. 3s. 64.

SMITH, R. BOSWORTH. — Cux-
THAGE AND THE CARTHAGINIANS. By
R, BosworTit SMmrtH, M.A.  Maps,
Plans, &, Crown 8vo. 10s. 6d.

SMITH, R. A.—Air anp Raiv; the

Beginnings of a Chemical Climatology.
By R. A, SmitH, F.R.S. 8vo, 245

SMITH, JAMES.— 7wz Vovace avp
SHIPWRECK OF ST. PavL. By JAMEs
SMITH, of Jordanhill. With Dissertations
on the Life and Writings of St. Luke,
and the Ships and Navigation of the
Ancients.  With numerous Illustrations,
Crown 8vo, 7s. 6d.

SMITH, T.—A Maxvar or OPERA-
TIVE SURGERY ON THE DE4AD Boby.
By TaoMmAs SwmiTH, Surgeon to St.
Bartholomew’s Hospital. A New Edi-
tion, re-edited by W. J. WaLsHAM,
With 46 Illustrations. 8vo. 125,

SMITH, H. F.—Tuz Havpsoox For
Mipwrves, By HENRY FLy SMITH,
M.B. Oxon. M.R.C.S. late Assistant-
Surgeon at the Hospital for Sick Women,
Soho Square. With 41 Woodcuts,
Crown 8vo. 35,

SOPHOCLES,.—SoruocLis  TraGe-
DIE superstites ; recensuit et brevi Anno-
tatione instruxit GULIELMUS LINWOOD,
M.A. Zdis Christi apud Oxonienses
nuper Alumnus, Editio Quarta, auctior
et emendatior. 8vo. 16s.

Twe THEBAN TRILOGY OF SOPHO-
cLes; Oedipus Rex, Oedipus Coloneus,
Antigone: Greek Text, with copious
Explanatory English Notes. By the Rev,
W. Lixwoop, M.A, Crown 8vo, 7s. 64,
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SOUTHEY.— 7wz Porricar WorRks
OF ROBERT SoUTHEY, with the Author’s
last Corrections and Additions. Medium
8vo. with Portrait, 145,

ThE CORRESPONDENCE OF ROBERT
SovTHEY wiTH CAROLINE BowLgs,
Kdited by EpwARD DowbpeN, LL.D,
8vo. Portrait, 145,

STANLEY.—A Fusiriar HisTory
oF Birps. By E. Stanrey, D.D
Revised and enlarged, with 160 Woode
cuts. Crown 8vo. 6s.

o

STEEL.—A Trzarise on THE DIs-
EASES OF THE OX; being a Manual of
Bovine Pathology specially adapted for
the use of Veterinary Practitioners and
Students. By J. H. StEEL, M.R.C. V.8,
F.Z.S. With 2 Plates and 116 Wood-
cuts. 8vo. 155

STEPHEN.—Essays iN ECCLESIAS.
TICAL BloGrarHY. By the Right Hon,
Sir J. Sternen, LL.D. Crown 8vo,
s, 6d.

¢ STONEHENGE.’—Znz Doc ¥
HEaLTH AND DISEASE. By ‘STONE.
HENGE.” With 78 Wood Engravings,
Square crown 8vo, 7s. 6d.

TiEe GrREYEOUND. By ‘STONEHENGE
With 25 Portraits of Greyhounds, &e.
Square crown 8vo, 15s.

STURGIS.— My Frienns avp I. By
JoriaN Sturcis,  With Frontispiece,
Crown 8vo. §s.

SULLIVAN.—'Srrav SHo7s ;' Politi-
cal, Military, Economical, and Social. By
Sir g:;wmxu SULLIVAN, Bart. 8vo,
10s. Oa.

SULLY.—OuTLINES o PsYcHOLOGY,
with Special Reference to the Theory of
Education. By JaMes SuviLy, M.A,
8vo. 125, 64,

SUPERNATURAL RELIGION; an
Inquiry into the Reality of Divine Reve.
lation. Complete Edition, thoroughly
revised, 3 vols. 8vo. 36s.

SWINBURNE.—Picrure Locic; an
Attempt to Popularise the Science of
Reasoning. By A. J. SWINBURNE, B.A,
Post 8vo. 5s.

SWINTON.— 752 PRINCIPLES AND
Pracrice oF ELECTRIC LIGHTING.
ALAN A, CAMPBELL SWINTON, Wi
54 Illustrations engraved on Wood
Crown 8vo, 5,
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TAYLOR.—Srupewr's Manvar or
THE H1sTORY OF INDIA, from the Earliest
Period to the Present Time. By Colonel
nggom TAYLOR, C.S.1. Crown 8vo.
75, 6d.

TAYLOR.—7%uz Comprere Works

oF Brsuop JFeremy Tavror. With
Life by Bishop Heber, Revised and
cotrected by the Rev, C, P, EvEN. 10

vols, £5. 55,
TEXT-BOOKS OF SCIENCE: a

Series of Elementary Works on Science,
Mechanical and Physical, forming a Series
of Text-books of Science, adapted for
the use of Students in Public and Science
Schools. Fep. 8vo. fully illustrated with
Woodcuts.

Abney’s Photography, 3s. 64.

Anderson’s Strength of Materials, 3s. 64.

Armstrong’s Organic Chemistry, 3s. 64.

Ball’s Elements of Astronomy, 6s.

Barry's Railway Appliances, 3s5. 6d.

Bauerman's Systematic Mineralogy, 65,

Descriptive Mineralogy, 6s.

Bloxam and Huntington’s Metals, 5s.

Glazebrook’s Physical Optics, 6s.

Gore’s Electro-Metallurgy, 6s,

Griffin’s Algebra and Trigonometry, 3s. 64.

Jenkin’s Electricity and Magnetism, 3s, 64,

Maxwell’s Theory of Heat, 35, 64.

Merrifield’s Technical Arithmetic, 35, 64,

Miller's Inorganic Chemistry, 35, 64,

Preece and Sivewright’s Telegraphy, 5s.

Rutley’s Petrology, or Study of Rocks, 4. 64,

Shelley’s Workshop Appliances, 4s, 6.

Thomé’s Structaral and  Physiological

Botany, 6s,
Thorpe’s Quantitative Analysis, 45, 6.
Thorpe and Muir’s Qualitative Analysis,
35, 64.

Tilden’s Chemical Philosaphy, 35, 64, With
Answers to Problems, 4s. 64,

Unwin’s Machine Design, 6s.

Watson's Plane and Solid Geometry, 35, 64.

THOMSON.—A~ OurriNE OF THE
NicessARy Laws or THOUGHT; 4
Treatise on Pure and Applied Logic. By
W. TroMsoN, D.D. Archbishop of
York. Crown 8vo. 65,

THOMSON'S CONSPECTUS
ADAPTED TO THE BRITISH
Prarmacoreia. By Epmunp
Luoyp BirkerT, M,D, &e¢.  Latest
Edition, 18mo, 6s. '

e

THREE IN NORWAY. By Two of
THEM. With a Map and 59 Iilustra.
tions on Wood - from Sketches by the
Authors, Crown 8vo. 6s.

TREVELYAN. — Works sy 71HE
Ricar Hov. G. O. TREVELYAN,
MP

Tyg Lire aNp LErrers or LorD
Macauvray. By the Right Hon. G. O.
TREVELYAN, M.P.

L1BRARY EDITION, 2 vols. 8vo. 36s.

CABINET EDITION, 2 vols. crown 8vo,
129,

PoruLAR EDIIION, 1 vol. crown 8vo.
6s

Tur Earry HisTory oF CHARLES
Sames Fox. Library Edition, 8vo. 18,
Cabinet Edition, crown 8vo. 65

TWISS.— Worxs v Stk TRAVERS
Twrss.

Tue Ricirrs avnp Duries oF Na-
710Ns, considered as Independent Com-
munities in Time of War, 8vo. 21s.

Ox rHE RicHTS 48D DUTIES OF
Narions v TiME OF PEACE. 8vo.
155,

TYNDALL,—Worxs sy Jouw Tew-
parz, FR.S. &

FRAGMENTS OF SCIENCE.
crown 8vo. 165,

HEear 4 Mope or Morion. Crown

8vo, 125,
Souwp. With

Crown 8vo, 105, 6d.

Essavs ov tuE FroArine-MATTER
oF THE AIR in relation to Putrefaction
and Infection. With 24 Woodcuts,
Crown 8vo, 7s. 6d.

Lecrures on Licrr, delivered in
America in 1872 and 1873, With Por-
trait, Plate, and Diagrams. Crown 8vo,
75, 6d.

LEssoNs IN ELECTRICITY AT THE
Rovar Instrrurion, 1875-76,  With
58 Woodcuts. Crown 8vo. 2s. 64,

Nores orF a4 COURSE OF SEVEN
LECTURES ON ELECTRICAL PHENO-
MENA AND THEORIES, delivered at the
Royal Institution, Crown 8vo. 15, sewed
15, 6d, cloth,

Nores oF 4 CoUrse oF Nive Lzc-
TURES ON LIGHT, delivered at the Royal
Institution. Crowa 8vo. Is. sewed, 1s. 64,
cloth,

Farapay as a4 Discoverer, Fcp.
8vo. 3¢, 64,/

2 vols,

204 Woodcuts.
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URE.—~A Dicrrovary or ARTs,
MANURACTURES, AND MINES. By Dr.
URE., Seventh Edition, re-written and
enlarged by R, Hunt, F.R.S, With
2,064 Woodcuts. 4 vols. medium 8vo,

£1.7s
VILLE.—Ox ArriFiciar MANURES,

their Chemical Selection and Scientific
Application to Agriculture. By GEORGES
VILLE, Translated and edited by W.
Crookes, F.R.S. With 31 Plates.
8vo. 215,

VIRGIL,—Pusir Vercizr Maronis
Bucorrca, GEORGICA, AENEIS; the
Works of ViraliL, Latin Text, with Eng-
lish Commentary and Index. By B. H.
KenNeDY, D.D. Crown 8vo. 10s. 6d.

TwE AENEID oF Vircrr. Translated
into English Verse. By J. CONINGTON,
M.A. Crown 8vo. gs,

Tur Porms or VirGrr, Translated
into English Prose. By JouN CONING-
TON, M,A. Crown 8vo. 9s.

WALKER.— 7z Corricr CARD;
or, How to Play at Whist; a Whist
Catechism. By Major A. CAMPBELL-
WALKER, F.R.G.S. Fcp. 8vo, 25, 64.

WALPOLE.—History or ENGLAND
FROM THE CONCLUSION OF THE GREAT
War IN 1815 70 THE YEAR 1841. By
SPENCER  WALPOLE, 3 vols. 8vo,

£2. 14s.
WATSON.— ZzcrurEes on THE PRIN-

CIPLES AND DRACTICE OF DPHYSIC,
delivered at King's College, London, by
Sir THOMAs WaTtsoN, Bart. M.D.
With Two Plates, 2 vols. 8vo. 36s.

WATTS,—A4 Dicriovary oF CHEMIS-
TRY AND THE ALLIED BRANCHES OF
OTHER SCIENCES. Edited by HENRY
Warrs, F.R.S. 9 vols, medium 8vo,
£15. 25, 6d.

WEBB.—CzLzsriaL  OBYECTS FOR
CoMMoN TELESCOPES, By the Rev. T.
W. WeBs, M,A. Map, Plate, Wood-
cuts, Crown 8vo. 9s.

WELLINGTON,—Z:#z oF r1iE DUKE
oF WBLLINGTON. By the Rev. G. R,
GLEIG, M.A. Crown 8vo, Portrait, 6s,

WEST.,—ZEcrures o THE DISEASES
OF INPANCY AND CHILDHOOD. B
CHARLES WesT, M.D, &c. Founder of,
and formerly Physician to, the Hospital
for Sick Children, 8vo, 18s,
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WHATELY. — Excrisat Synonvss.
By E. JANE WHATELY, Edited by her
Father, R. WHATELY, D,D. Fcp. 8vo.

3.
WHA'IL‘)ELY.— Works By R, WHATELY,
D.D,

LErrmenrs or Loglc.
Crown 8vo. 4+. 64,

8vo. 105 6d.

Erements or Rurroric,  8vo.
1@5. 64. Crown 8vo. 4. 64.
Lerssons ov Redasonive, Fep. 8vo.

15, 6d.

Bacon's Ess4avs, with Annotations,
8vo, 10s. 64.

WHITE.—4 Cowncise Lariv-Enc-
LisH Dictionary, for the Use of Ade
vanced Scholars and University Students,
By the Rev. J. T, WHiTE, D.D. Royal
8vo. 125,

WHITE & RIDDLE.—A Larin-EnG-
Lisit Drcrrion.ary, By J. T. WHITE,
D.D. Oxon. and J. J. E. RipbLE, M. A,
Oxon, Founded on the larger Dictionary
of Freund. Royal 8vo. 21s.

WILCOCKS.—Z%x Sza FISHERMAN.
Comprising the Chief Methods of Hook
and Line Fishing in the British and other
Seas, and Remarks on Nets, Boats, and
Boating, By J. C. WiLcocks. Pro-
fusely Illustrated, New and Cheaper
Edition, much enlarged, crown 8vo. 6s.

WILLICH,.— Porurar Tusrzs for
giving Information for ascertaining the
value of Lifehold, Leasehold, and Church
Property, the Public Funds, &c. By
CHarLes M. WiLLicn. Edited by
MONTAGU MARRIOTT. Crown 8vo, 105,

WITT.— Works By Pror. Wirr,
Head Master of the Alstadt Gymnasium,
Konigsberg. Translated from the Ger-
man by FRANCES YOUNGHUSBAND.

TuE TrRoy4N War., With a Preface
by the Rev. W. G. RUTHERFORD, M. A.
Iead-Master of Westminster School.
Crown 8vo. 2.

Myvrus or HeLLas; or, Greek Tales,
Crown 8vo. 3s. 64,



WOOD,— Wozxs sy Rev. J. G.
Woon,

Homrs Wirnovr Hanos; a De-
scription of the Habitations of Animals,

chssednmdiﬁ to the Principle of Con-
struction.  With about 140 Vignettes on
Wood, 8vo. I0s, 64,

Insects ar Homse; a Popular
Account of British Insects, their Struc-
ture, Habits, and Transformations, 8vo.
‘Woodcuts, 105, 64.

Insecrs ABroap; a Popular Account
of Foreign Insects, their S@ucture,
Habits, and Transformations,  8vo,

Woodeuts, 105, 6.

Biare Awimars; a Description of
every Living Creature mentioned in the
Sctipﬁt:'res. With 112 Vignettes. 8vo.
105, 6d.

SrrancE DwEeLLINGS ; a Description
of the Habitations of Animals, abridged
from ‘Homes without Hands.” With
Frontispiece and 60 Woodcuts. Crown
8vo. 55. Popular Edition, 4to. 6d. |

Our or Doors; a Selection of |
Original Articles on Practical Natural
History, With 6 Illustrations, Crown
8vo. 35 l

Common Bririse INsECTS: BEETLES,
MotHS, AND BUTTERFLIES. Crown
8vo. with 130 Woodcats, 3s. 64. .
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