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PREFACE.

EvER since I began teaching Practical Physiology in Univer-
sity College, London, I have been in the habit of distributing
among my students a syllabus to guide them in their work.
By the introduction of fuller details what was at first a
Syllabus has been changed into a Practical Course, which
I now venture to publish in the hope that it may be found
useful to others.

I fear that its use will be much restricted by the fact that
in it Histology and Physiology are closely combined instead
of being separated into two or more distinet courses. Although,
in practice at least, I stand alone, I believe, in this matter,
continued experience makes me more and more convinced
that the plan which I adopt is, though troublesome, the safest
one. Histological work, unless it be salted with the salt either
of physiological or of morphological ideas, is apt to degene-
rate into a learned trifling of the very worst description ; and
students are generally only too ready to spend far too much
of their time in the fascinating drudgery of cutting sections
and mounting stained specimens. In morphological ques-
tions the physiologist has but an indirect interest; and
details of microscopic structure ought only to occupy his
attention in so far as they serve as a basis for physiological
deductions, The reader in looking through this little book
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will see that in it structure and function go hand in hand.
In the case of each tissue or organ, as far as is practicable, the
anatomy and histology are first studied, and then without delay
the physiology, so that the student may, in learning what is
known concerning the action of the part, form an opinion of
the relative importance of the structural details.

The various topics are arranged in the order of my lec-
tures, each Lesson containing the practical work corresponding
to one or more lectures. In those lectures I first deal with
the animal body as a collection of fundamental tissues, each
tissue having a conspicuous and characteristic property or
characteristic properties, and then consider the ways in which
these tissues are arranged in mechanisms, and coordinated
into an organic whole. Thus the student is first introduced
to. the structure and properties of blood, muscle, nervous
tissue, and what, for want of a better name, I have called
‘indifferent tissues’. Next comes the vascular mechanism,
constructed out of the preceding tissues, and carrying on its
work by means of their properties. I have found it practically
convenient thus to break the series of fundamental tissues
by the early introduction of this important mechanism. Re-
turning to the fundamental tissues, the secreting tissues are
next considered, under the divisions of the digestive, with
which the lymphatics are not unnaturally taken, the respira-
tory, with which comes the respiratory mechanism, and the
urinary, the practical work on the urine being an accompani-
ment to lectures on the general facts of nutrition. The great
nervous mechanism of the body is then attacked, first as re-.
gards the special senses and then with reference to the spinal
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cord and brain. The Lesson on the larynx is from its very
nature disconnected from the others. The tissues of repro-
duction naturally form the subject of the concluding Lesson.

I have called it an Elementary Course because my class
is divided into an Elementary and an Advanced Division, and
this work 1s intended for the former only. I have found
1t, however, practically convenient to go into some subjects
fully in the Elementary Class and to leave certain other sub-
jects entirely for the advanced class. Thus while, on the
one hand, some topics seem to be treated here in a more
than elementary manner; others, on the other hand, e.g. the
ear and hearing, binocular vision, &c., are entirely absent,
being reserved for the advanced class.

I presuppose the student to have gone through a course
of Elementary Biology, in which he has worked out the
Lessons of Prof. Huxley and Dr Martin. He will thus have
acquired a knowledge of the fundamental principles of Histo-
logy and Physiology, know how to use his microscope and
possess a good acquaintance with the Anatomy of the Frog.
The dissection of the dog and the rabbit as directed in Lesson
L, in which attention is paid only to details of physiological
importance, will at once put him in a position for the study
of Physiology, strictly so called.

The instructions given are generally complete in them-
selves; but the student should have access to the Handbook
of the Physiological Laboratory, to which (under the ab-
breviation Hdb.) he is frequently referred.

The demonstrations appended to each Lesson Ulustrate
the lecture belonging to the Lesson, and ave for the most
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part observations or experiments too difficult for the student
to carry out for himself. A list of them is given merely in
order that the student may know what he has to see. No-
thing therefore is said about the manner of executing them ;
I may, however, remark that none of them are painful, since
they are of such a nature that ansthetics where necessary
can always be used.

The work marked out occupies my class the whole of two
terms, 7.e. from fifteen to eighteen weeks, the lectures being
delivered twice weekly, and the practical work being carried
on immediately after the lecture as well as on the interme-
diate days. The plan of work, in faet, closely follows that of
Prof. Huxley in his Elementary Biology. It 1s, of course,
not necessary that all the details of each chapter should be
worked over by each student. Praetical work of this kind is
only of value in so far as it suggests or corrects ideas. The
student who has mounted an exquisitely thin and beautifully
stained section, is only just so much the worse for his pains
(as far as physiology is concerned), if he does not understand
what the section means. Hence, when the features of some
of the fundamental tisswes and the general working of the
more important mechanisms have been really learnt, and the
student has got, by doing things for himself, to know the
value of a physiological experiment and the pitfalls that are
hidden under carmine and Canada balsam, he may be safely
trusted to fill in the details of his study by means of refer-
ence to mounted specimens and to mere demonstrations or
even to descriptions of experiments, How much practical
work is needed by each student must depend on a variety of
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- circurnstances ; and the choice of subjects studied in detail
ought to be varied from time to time. In the Lessons, there-
fore, selection has been exercised to a very limited extent,
and most of the topics have been treated with equal fulness.
In no case whatever are the directions given intended to
be exhaustive. In the use of reagents, in the details of the
microscopical work, and in the various experiments, the
counsels given are those which have, on the whole, been
found most useful for students in the laboratory. They are not
in any way to be considered as forming a practical treatise
on Histology or Physiology. That ground is already occupied
by the Handbook for the Physiological Laboratory, to which
the present little book may be looked upon as an intro-

duction.
So much of the labour of preparing this volume for the

press has fallen on my able Demonstrator, Mr J. N. LANGLEY,
B.A., of St John’s College, that his name naturally appears
on the title-page as well as my own. To Prof. Huxley and
to Dr H. N. Martin I am indebted for much valuable advice.

M. FOSTER.

Trixiry CorreGeE, CAMBRIDGE,
May, 1876.






PREFACE TO THE THIRD EDITION.

THE present Edition differs from the preceding one chiefly
by the introduction of a Lesson, quite elementary in cha-
racter, on the Structure of the Ear, and by some additions
to the Lessons on the Connective Tissue group. Otherwise
the changes are slight, and chiefly connected with improved

histological methods,

M. FOSTER.
J. N. LANGLEY.

Trivity CorrEcE, CAMBRIDGE,
December, 1877.
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LESSON L

DISSECTION OF A RABBIT AND OF A DOG.

Ix the following, the descriptions in large type apply more particularly to
the rabbit, but the genmeral directions for dissection serve also for the
dog: some points in which the two animals differ, and some which are

better seen in the dog, are put in small type.

'A. 1. Make a median incision through the skin, down the
whole length of the front of the body from the neck
to the pubis, and reflect the skin as far as possible on
both sides.

Observe the thin, pale, abdominal muscles. It is
better to disseet out the individual muscles in the
dog as below, but the dissection may be done on
the rabbit,

In the dog observe

a. The tendinous aponeuroses of the abdominal muscles
forming in the middle line the white linea alba.

b. The externus obliquus abdominis, a thin muscle, with
descending fibres, stretching from the ribs above and
from the back to the linea alba and the pubis,

¢.  The recti abdominis, one on either side of the middle
line, covered by the tendon of the externus obliquus.

If b be carefully reflected, there will be seen underneath :

! N.B. A and B should be carried out on the first day, in order that the
viscera may be useful for microscopic observation, and the brain in good con-
dition, If for any reason the dissection be delayed beyond the first day, the
sections which are marked with an asterisk should be omitted,

By oo 1
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d. The internus obliquus abdominis, with ascending fibres ;
and underneath the upper part of this
e. The transversalis abdominis.

Divide the abdominal wall carefully (so as to avoid
wounding the intestine) in the middle line from
the sternum to the pubis. From the middle of this
incision make transverse incisions through the ab-
dominal walls. Hook or pin back the four flaps.

Simply turning the parts over without cutting or
tearing anything, trace out as far as possible the
alimentary canal, making out the narrow cesophagus,
the stomach, the small intestine not distinctly divisi-
ble into duodenum, jejunum and ileum, the large dark
sacculated ceecum with its appendix, the large intes-
tine, (puckered near the cmcum, but in its course
becoming smoother and containing balls of feces,) and
lastly the rectum. (The student should avoid mis-
taking the ceecum for the large intestine.)

Trace out the mesentery which supports the intestine;

observe its attachment to the vertebral column behind,

its continuity with the lining membrane (peritoneum)

of the abdominal cavity, and the manner in which the

blood-vessels run in it.

Observe in the dog the loose fold of mesentery loaded with
fat, hanging from the lower border of the stomach and
forming the great omentum.

Observe the spleen, an elongated dark red body lying
near the broad end of the stomach to which it is
attached by a mesenteric fold (gastro-splenic omentum).
Turn the stomach over to the left (of the animal),
gently stretch out the duodenum and observe in the
mesentery belonging to it, the diffuse, pale red pan-
creas; trace the entrance of the pancreatic duct as a
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pale thin band into the duodenum: this occurs

rather more than a foot below the pylorus, where

the duodenum turns back on itself to form a loop.

In the dog the pancreatic duct is close to the entrance
of the bile-duct (see § 10).

Observe the mesenteric lymphatic glands, small
greyish white lumps, more abundant in the
duodenal mesentery.

Turning the stomach and intestines over to the night
side, observe the dorsal aorta' descending through
the diaphragm and giving off first the ceeliac
artery, and next the superior mesenteric artery.
Just by the latter lies the left supra-renal body, small,
oval and yellowish white; and a little above this, lying
in the angle between the aorta and superior mesenteric
artery, is the almost transparent cceliac ganglion,
seen through the peritoneal membrane. Running
into this, and crossing the aorta to do so, may be seen
the left splanchnic nerve., Trace the latter up to the
diaphragm. To see these structures more distinctly,
the peritoneum and any fat which may be present
can be torn aside with a blunt needle, care being
taken not to injure the splanchnic nerve. Observe
on the cesophagus the left pneumogastric nerve,
dividing into many fibres; some of these are joined
by fibres from the right pneumogastric: trace the
branches to the ceeliac ganglion.

~1

8. Then turning the stomach and intestines over to the
left side, tear away the connective tissue round the
right supra-renal body, being careful not to puncture

! The arteries may be distinguished from the veins by their containing

after death little or no blood, and therefore appearing of a bluish white

colour, with a central tint of pink, whereas the veins are of a full dark
maroon colour,

1—2
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the vena cava. Underneath the supra-renal body, or

very nearly so, will be seen the right ceeliac ganglion,

not so large as the left, but having a splanchnic nerve
in connection with it. Trace out the nerve.

In the dog the right ceeliac ganglion is a little in front of]
and neaver the middle line than the supra-renal body.
Note the number of pale nerves which are given off,
proceeding more especially to the stomach, liver and
kidneys.

The left ceeliac ganglion will be found in a corresponding
position on the other side,

With the stomach and duodenum still turned to the
left side, trace out the union of the mesenterie,
splenic, and gastric veins to form the vena porte,
and the entrance of that vein into the liver. Observe
the vena cava inferior, and entrance into it of the
hepatic veins immediately below the diaphragm.

Turning the liver up towards the diaphragm, the
gall-bladder will be seen in a fossa on the under
surface of the posterior right lobe: trace the cystic
duct arising from this to run into the hepatic duct,
proceeding from the liver itself; trace the united duct
or common bile duct into the duodenum, close to the

pylorus.

Trace out the division of the cceliac artery into the

hepatic, splenic, and gastric arteries: trace out also

the main branches of the superior mesenteric artery.

Observe here C § 3, p. 11, since the diaphragm may be
punctured in removing the liver.

Place a double ligature round the rectum and divide
between the ligatures: do the same with the ceso-
phagus, Ligature the hepatic veins as close as
possible to their entrance into the vena cava and cut
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through the hepatic veins on the liver side of the
ligature. Turning the intestine to the right, cut
through the mesentery and remove from the abdomen

- the alimentary canal and 1ts appendages.

Cut open one of the hepatic veins and trace it in this
way back into the substance of a liver lobe. Observe
on its inner surface the opening of numerous smaller
veins; cut through the lobe near its base, and try to
distinguish the portal veins from the hepatic by the
small artery and bile duct running alongside each
of the former.

Cut off several small pieces of the liver, about the size
of a bean, and place them in Miiller'’s fluid. Change
the fluid next day; and after three weeks transfer to
50 per cent. alcohol, leave for two days and transfer to
75 per cent., leave one day and then put in absolute
alcohol until required for sections.

In the following sections, when tissues are directed to be
placed in Miiller's fluid, potassivm or ammonium bi-
chromate, chromie acid, de.; it is to be understood that

they are to be subsequently treated as above with alcohol,
unless the contrary is stated.

Cut away the mesentery from the alimentary canal,
and trace out the latter along its whole length, ob-
serving more fully the features mentioned in § 8, and
noting in addition one or more white patches (Peyer’s
patches) on the free surface of the ileum, due to
clumps of lymph-follicles, also note the connection of
the cacum with the small and large intestine, the
thin walls of the czcum and the thicker spotted walls
of the appendix proceeding from its extremity,
Note in the dog, the wider eesophagus entering into the
stomach nearer the cardiac end than is the case with
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the rabbit; note also the shorter length of the intes-
tine, the small ceecum, and the less difference between
the large and small intestines.

If the intestine is not wanted for microscopical purposes,

it may be washed out before cutting through the
mesentery by tying a tube with a funnel at one end
into the duodenum, and letting water from a tap
stream down the funnel.

16. In the dog

*a.

b.

Cut some of the pancreas into small bits the size of
peas, and place in ahsolute alcohol.

Remove as much fat as possible, and mince the re-
mainder, dry with blotting-paper, and cover with
glycerine to serve for the preparation of ferment.
Cp. p. 128 § 2.

*17. Lay open the stomach, throw away the contents, and
wash the surface once with normal saline solution.

.

C.

Cut out a piece one inch square from the middle
region, and place in Miiller's fluid. -

Place a similar piece at once into absolute al-
cohol.

Place in alecohol, or Miiller's fluid, one or two
small pieces, taken from the pyloric end.

Before placing in the reagents, the pieces should
be pinned out (best with small hedgehog quills)
on a piece of cork to prevent distortion by con-
traction of the muscular coat.

From the remainder of the middle region of the
stomach remove the mucous membrane from the
muscular coat; mince the former finely; dry it
somewhat by pressing it between blotting-paper,
and cover it with strong glycerine in a small
flask or bottle. Cf. p. 116, § 1. b.
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Wash out the duodenum, observe the openings of the
biliary and pancreatic ducts, and carefully pass a
bristle through them into the ducts.

Lay open a portion of the jejunum, wash it, and exa-
mine the villi with a lens.

Lay open another portion, about an inch long, wash
it once with normal salt solution, divide it into two
pieces. Pin these out on cork, and place one in
chromic acid *5 per cent., and the other in Miiller's
fluid. Lay open several inches of the ileum by an
incision carried along the mesenteric attachment.
Cut out the Peyer’s patches, and place them in
Miiller’s fluid.

Take a piece of the large intestine, cut it open and
wash, look at 1t with lens; there are no villi.

Place two or three small pieces of the spleen in
ammonium bichromate 5 per cent.

Note again the position of the supra-renal bodies.

Note the position of the kidneys, the left being much
nearer the pelvis than the right; trace out the renal
artery and vein. Observe the ureter, a pale semi-
transparent duct passing downwards from the kidney
over the muscles of the back, towards the middle
line; trace it down to its end in the urinary bladder.

If a female, observe the uterus, with its two cornua
prolonged into the Fallopian tubes. Near the end of
each Fallopian tube a little below the kidney will be
seen a small, somewhat oval, spotted body, the ovary.

If a male, observe the testis in its serous pouch, the
epididymis, and the vas deferens; trace the vasa
deferentia to their entrance into the urethra,.
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Divide the symphysis pubis, stretch the two halves
apart, and with the bone-forceps cut away as much
bone on each side as may be mnecessary. Observe
the prostate, surrounding the first part of the urethra.
Lay open the bladder, observe its neck, ending in
the urethra, and the entrance of the two ureters
at its base. Pass a probe down each ureter into the
bladder.

Divide one kidney longitudinally, and observe the
cortex, medulla, and pelvis. Divide one half into four
or five pieces, each containing cortex and medulla;
treat some with ammonium bichromate 5 p.c., the rest
with absolute alcohol.

a. Make two or three incisions into the ovary, rub-
bing the surface as little as possible, and treat it
with a mixture of equal parts of chromic acid
*5 p.c. and alcohol 90 p.c.

b. Cut off two or three pieces of testis, and one
or two of the epididymis, not larger than a pea,
and treat with chromic acid -2 per cent.

Cut off one or two pieces of bladder, and treat with
Miiller’s fluid.

Make a median incision over the skull from the nose
to behind the level of the ears. Reflect the skin on
each side. Cut away the attachment of the muscles
of the neck to the occiput until the occipito-atlan-
toidean membrane between the occiput and the atlas
is laid bare. Carefully divide this with scissors and
observe the medulla oblongata.

With a trephine saw through the roof of the skull in
its broadest part, a little behind the orbits, working
very carefully when the bone is nearly sawn through.
With an elevator raise the circular piece of bone and
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remove it. Then with the bone-forceps cut away
piecemeal the rest of the roof of the skull.

Observe the smooth cerebral hemispheres, somewhat
triangular in form ; in front of these and separated
from them by a constriction, the clongated olfactory
lIobes. Behind the cerebral hemispheres lies the lami-
nated cerebellum (the outlying lateral portions of
which are lodged in pits in the skull), and behind this
again is seen the medulla oblongata with the fourth
ventricle. On the surface of the cerebrum may be
seen the dura mater and pia mater, but these are
better seen 1n the dog.

In the dog observe

a. The dura mater, a thick and very resistant membrane ;
its prolongation between the cerebral hemispheres as
the falz cerebri and between the cerebellum and cere-
brum as the fenforium.

b. The pia mater, underneath («), and immediately cover-
ing the brain ; note the blood-vessels running in it.

¢. ~The pia mater dips down into the sulei, between the
convolutions, and here may be observed, above the pia
mater and bridging over the sulci the thin transparent
arachnoid membrane, also distinctly visible as a cover-
ing to the pia mater at the base of the brain, In the
spaces between the arachnoid and pia mater is con-
tained the clear watery sub-arachnoid (or cerebro-
spinal) fluid. A smaller quantity of fluid also exists
between the arachnoid and dura mater.,

d. The relative sizes of cerebrum and cerebellum.

e.  The general appearance of the cerebral convolutions.

With a scalpel divide the front of the cerebral hemi-
spheres from the olfactory lobes. Lift up with the
handle of a scalpel the extreme front of the cerebrum,
















































































































































































































































































































































































































































































































































































































































































































































































































































